Tabie 2-13(1) 'The Resulis of' the Estimation for Each Index
Element hy ilve CMB Method (Ist Survey)

. Fa
MS 1 MS 2
Elexent " Calculated (bserved Caleylaled Elesent Cal¢ulated Dhsaived Cateulated
{ng/n*} (na/a*) Ubserved {ng/n?) {n g/} Qbserved
Al 1544.680 1300.0007] 119 At 989,046 810.000 1.22
Br 80.35% 42,000 1.91 + 8c 32,161 17,000 1.93 ¢+
Ca 231.305 2100.000 Bl - Ca 246,933 1200.000 D.21 ---
Cr 8,933 6.500 1.3 Cr 9.651 7.300 }.32
Fe 784,262 1700.000 046 — Fe 709.371 1300.000 0.6 -
K 614.378 1300,000 - 070 K 519.5398 1100.000 0.5% -
Index Hn - 51.488 60.000 0.86 Index Hn . 52,987 58.000 . 0.91
© elemenis | Ha 1115.6683 1100.000 1,02 elenents | Ma 1T24.819 1 1700000 1.1
H 9.869 19,000 0.52 - Nl £1.563 10,009 116
Pb 473.8592 450.000 1.06 Pt 165.451 15%0,000 0.10 -—-
Sb 0.2%6 29.000 0.0t -— Sb 0.335 64.000 0.01 ——
Sc 0.123 0.200 0.62 - S¢ 0.078 0.130 0.60 -
Se 0.445 0.430 0.59 Se ¢.379 0.500 0.76
Ti 4.809 67.000 1.12 Ti 47.9%20 86,000 0.5 -
y 12.375 12,000 1.03 ¥ 14.903 16.000 0.9
In 71802 T20.000 0.10 -— In 12,119 960.000 0.08 -—-
Casa 15631.883 15300.0000 | L.02 Cura 13871.363 13500.000 1.8
Cors 3353. 184 106,600 0.3 — Cors 2513.216 5600000 0.43 --
Total 24366.783 32606.150 0.4 Total . 21088.866 | - 20218.930 0.75
MS 3 MS 4
Elesent Calculated Observed Calculated Eleaent Calculated Gbserved Calcutated
{ng/s®) {ng/a’} Observed {pg/a") {ng/a®)" Observed
Al 132L.602 1100.000 1.20 Al 1625.855 1400.000 1.16
Br 68.5d4 31.000 221w Br © 57.342 31.000 1.55 ¢
Ca §21.145 2600.000 024 - Ca - 244.567 1600.000 0,15 -—
Cr 46.541 31.000 1.50 ¢+ Ce 5.895 5.100 1.3
Fe 3021.493 4700, 000 064 - Fe 730,138 1700.000 0.43 —
X 807.878 1700.000 0.48 — X 975.355 1200000 0.81
Index Mn 267.251 360.000 0.14 fndex Hn 44,904 75.0000 060 -
elesents | Na 1412 051 1400.000 1.0 elezents | Ha 1529.263 1500.000 1.02
Ni 40.191 47.000 0.85 Ni 5.1 5.000 1.03
Pb 484.4T1 T80.000 0.63 - Pb 313.569 250.000 1.08
St 2.380 17,000 0.14 —— Sb -0.034 17.000 0.00 ——
Sc 0.104 0.1%0 0.5 - S¢ 0.13 0.200 0.6 -~
Se 1.318 1.000 1.32 Se 0.331 0.400 0,83
Ti 65.672 130.000 051 - Ti 18.824 140.000 0.5 -
v 34,743 35.000 0.93 ¥ 1.138 T.400 0.95
In 302.729 J100.000 0.08 -— In 60.046 TE0.000 0.08 -—
Cate 16729.9% 18400.000 1.2 Core 18574312 15200000 1.02
Cors 3550.656 10800.000 0.3 — Cars 323,669 9400. 000 0.3 —
Total 28115.471 43332.19%0 0.66 Total 25496, 466 34337.100 0.4
MS 35 {Caleulatedhserved)
Elenent Calcylated Observed Calculated
. {nz/a%) (ng/n’}) Observed
Al 643,747 2200.000 1.20
Br 7.638 18.000 0.42 -
Ca 184.978 2100.000 0.09 -—
Cr 1.520 3.300 .37
Fe £33.449 1100.000 0.5 -~
X 1532.569 2000.000 0.1
Index Mn 26.295 41.000 0. -
elezents | HNa 1158.068 1100.000 1.05
N . 5.542 4.000 141
Pb n.813 33,000 1.66
Sb 0.625 5.400 0.12 -—
3¢ 0.212 0.230 0.92
Se 0.684 0.960 0.72
Ti 128.762 150.000 0.85
¥ 4,331 5.000 0.88
In 35.5417 140.000 0.25 -
Cate 9761.973 9500.000 1.03
Cors 1603410 5700.000 0.2 -
Total 1T769.418 24097.8%) 0.74




‘Fable 2-13(2) The Results 6!‘ the Estimation for Each Index
Elentent by the CMB Method (2ad Survey)

MS 1 MS 2
Fleaent Calculated Observed Caleulated Elenent Calculated {bserved Lalculated
’ - (ng/m?) {ng/w*) Obseeved {ng/w") (n3/x%) Observed
Al 8170.342 760.000 115 Al 3dl.211 310.000 1.10
Br 14.653 " 14,000 1.05 Br 14.99) 9.000 L6 ¢+
Ca 160.346 130.000 0.2 —-- Ca 198.370 400.000 0.5¢ -
Cr 5.053 3.700 1.31 Cr 1.2121. 10.000 0.13
Fe 414,018 700.000 0.59 - fe 147.035 420.000 0.35 --
K - 544.630 §4.000 0.85 X 294,885 350.000 0.84
Index Hn 21.879 50,000 0.5 -~ Index Mn 14.159 11.900 1,29,
elements | Ha 1478.572 1400.000 L6 elements | Na 2849.69 2800.000 1.02
Ni 5,204 3.500 1.48 Ni 21. 145 19.000 1.1l
Pb 53.560 50,600 1.07 2] 19,870 20.000 0.9
Sb 0.331 5.100 0.06 - b £.453 1.400 1.04
Se 0,069 0.110 0.63 - Sc 0.0286 0.054 0,49 —
Se 0.309 £.100 0.8 — Se 0.677 51.000 0.01 -—
Ti 42,388 97.000 0.4 - Ti 17.150 48.000 0.18 ---
¥ 5.161 . B0 0.81 ¥ 25.624 26.000 0.99
In 3.029 250,000 016 —— in 41T g2.000 0.62 -
Cate 7699.875 1500.000 £.03 Cate 7130.535 1500000 1.03
Care 1321.108 4300.000 0.3 — Cors 1167.984 4G04. 00 0.2 --
Total 12682.525 16510310 0.77 Total 12902.802 16507454 0.80 ]
MS 3 MS 4
Eleaent Calculated Observed Lalcutated Elesent Calculated Dhserved Lalgulated
{ng/m’) {ng/a") Observed - {ng/n?) {ne/e?) Observed
Al 574,714 490.000 117 Al 780.470 650,000 1.20
Br 43.551 19.0G00 2,23 8r 15,428 11.000 1.40
Ca 241,465 2000.,000 0.12 — Ca 183.194 160,400 0.5l -—
Cr 16.745 10.000 .67 ¢+ cr 4.8682 2,500 1.68 +
- Fe 206.005 2000.000 0.10 -~ Fe 216,116 400.000 .54 -
X 405.469 1300.000 0,31 - K 514,601 *155.000 0.68 -
Index LE] 24.943 . 200.000 0.12 - Index Hn 14.299 24.000 0.60 -
elesents | Na 2140.176 2100006 1.02 elesents | Na 1950674 1800.000 1.05
Ni 50,376 55.000 0.92 Ni 7.353 5.000 1.23
Pb 269.83H 380.000 0.1 Pb 50,517 50,000 1.0
5b 4.014 6.500 0.62 -~ Sb 1.054 1,700 0.62 -
S¢ 0.044 0.078 0.57 - Sc 00621 0.076 0.82
Se 1.733 1.500 1.16 Se 0.577 0.500 1.15
Ti 28,741 . 51,000 0.52 - JTi 33.356 50.000 0.7
v 55,861 63.000 0.9 ¥ 4,226 4.500 0.54
in 113.6493 2500.000 .M -— in 47.7% 100.900 048 —
Care 11797.444 11500,000 1.03 Lote 11819.266 11500.000 1.03
Cors 2087.456 5300.000 0,39 — Cory 1923.789 5800. 000 0.33 -
Total 1R064. 446 28362.073 0.64 Total 17612.656 22850.676 0.7
MS 5 (Catculated/Dbserved) =24,
22,
Eleaent Calculated Observed Caleulated 2].
(ng/a*) (ng/n’) Observed - 0.
=0,
al - 689,241 570.000 1.21 <0,
Br 11.255 12.000 [LN:2)
s 127.544 250,000 9.51 -
Cr 1.153 0.770 1.50
Fe 94,450 269.000 0.% —
¥ 461.546 540.000 0.85
Lodex Hn 1.432 15.000 0.10 ---
elesents Ka 2010.291 1800. 000 1.12
Hi 2,109 3.000 0.50
Py 5.032 5.000 1.01
Sb 0.381 0.470 .82
Sc £.055 0.071 .78
Se 0.282 0.950 0.3 -
Ti 33.615 §2.000 0.41 -—
V. 2.03%6 2.100 0.97
In 15.130 18.000 0.84
Cesa 65338, 141 620,000 1.02
Cary 1001.278 4100.000 0.24 -
Total i0795.883 13859.361 0.78




'Fable 2:13(3) The Results of the Estimation for Each Index
Element by the CMB Method (3rd Survey)

MS 1 MS 2
B Elesent Caleulated Observed Calculated Element Calculated Cbserved Calculated
: C {ng/m?) (n g/a®) Observed - (ng/m?) (ng/a) Observed
Al 713,921 TH0.000 0.9 Al 465,560 1 410.000 1. 14
Br © 37.488 26.000 1.44 Br C1.012 4.500 1.6+
(a 182,702 1700.000 0.1 - Ca 135.547 800.000 0.17 ~-~
Cr 3,49 7.900 1. ir 7.862 7,900 1.00
Fe 648.470 1200,000 0.5 - Fe -340,0086 - §40.000 0.40 --
K 433.545 400.000 1.08 K- 269.957 1400.000 0.21 ---
Index Ha 52,119 1.000 0.73 Index Hai 29,501 23.000 1.28
elemenls | Na 60,479 T80.000 0.9 elesents | Ha 969,502 1000.000 0.9t
Ri 8.221 5.000 .64+ ) Ni 13.747 22,000 0.62 -
Ph 231.136 220,000 1,05 o 40.539 1100.000 0.04 ---
5 0.5%4 5.600 0.t ~~- Sb 1.186 32.000 0. ---
S¢ 0.057 0.150 0.8 - Sc 0.037 0.110 0,33 -
Se 0.406 LT00f ¢ 0.4 -— Se 0.572 0.500 14
T 34,85 62.000 0.8 - Ti 2321 20.000 1.16
v 6.67% 3.700 0.1 ¥ 13.359 13.000 1.03
“In 12.831 |- 960.000 0.08 ~— In 54.719 310.000 0.15 ---
Cera 10795.748 10600.000 1.02 Cata 5571.926 5500000 1.08
Coes 21287132 | - 2700.000 0.79 Cors 912,733 2003.000 0.6 --
Total 16122.284 (- 19518.0%0 0.83 Total 8988. 162 13543.010 0.66
MS 3 MS 4
Element Caleulated Dbserved Caleulated Element Calculated Observed Calculated
(ng/n?) {ng/e’} Observed ' (ne/p?) (ng/s) Observed
Al 480.188 410,000 1.17 - Al T16.630 4,000 0.87
. Br 20.840 9.500 2.19 v 8r 25.460 15.000 1L70  +
Ca 180.013 1300,000 0.14 -— Ca 156.055 1500.000 ¢. 10 ~—
Ce 10.874 1.300 1.43 Cr 5.950 4.500 1.32
Fe §25.162 17100.600). 031 - Fe 405.389 940,000 0.43 —
K 300.474 1100.000 kT - K 442.915 400.000 1.t
Index  #n 52.93% 172.00] 0 0LH index ¥in .17 34.000 0.8t
elexents | Na £23.559 840.000| ' 0.98 elezents | Na 1022,368 | - 1100.000 0.93
Ri 16.849 18,000 0,94 ni . 6.350 5.000 1.28
Pb 128.565 230.000 056 - Pk 140.459 140.000 1.00
5b 0.6%3 10.000 0.07 ~— Sh G.507 4,100 0,12 ~—
TSe 0.038 0.100 0.3 -- S¢ 0057 0.140 0.4 —
Se 0.424 0,400 1.06 Se 0.361 0.350 1.03
Ti 23.555 55.000 0.% - T 34.938 £8.000 0.58 -
Y 21.214 22.000 0.% ¥ 5,699 £.300 0.90
In - 71,855 1100.000 0.07 — in 49.285 310,060 0.13 —
Cate 4. 117 8100.000 1.03 Cats 5362.352 9700000 [.03
Cars 1528.801 3200.00) 0.48 — Cars 1827.459 4000.000 46 -
L_ tolat 12601. 161 18185.300 - 0.59 Tolal 14231.9911 - 19093.3%0 0.18
MS 5 (Calculated/Observed)  24.0
22,0
Elenent Caleulated Bbserved Caleulated 21.5
{(ng/n) {ng/z") DObserved =0,
- =05,
Al 123,439 140.000F - 0.8 =0.%5
Br T1.945 7.200 1.10
Ca 112.521 1300.009 0,08 -——
Cr 5.590 5.000 1.12
Fe 344.264 450.000 Q.71
X 439. 167 450.000 0.9
I ndex Mn 95.428 21.000 .21
eleaents Na T41.229 T790.000 1.00
Ni 6.493 15.000 0.43 --
Pb 44.405 40.000 L
Sb 0.845 3.100 0.2 —
S¢ 0.058 0.150 0.3 —
Se 0.459 0.3 1.53 ¢+
Ti 35642 51.000 0.1 -
v 3.398 3400 100
in 40.551 160,000 6.25 --
Care 4105.918 4000.090 1.03
Cors £09.811 2000.00¢ 03 -
Tolal 7386. 262 16035.150 0.74




(6) The results of the estimate by the CMB method in consideration of the secondary particle
Table 2-14 shows the production of the particulate matter (the diameter is less than 5 wm) on

carth—classified into natural products and artificial products—estimated by Ullsaesser®”. Though

the estimate is never accurate, it can be regarded as one of the criteria; the natural products are

69% of all particle matter and the secondary particles are 45%.

Table 2-14 The Production of the Particulate Matter oit Earth

The production of particulate matter:
diameter is less than 5 pm {unit: 10° wndyr)
] Natural producis Artificial products
Primary partcle )

Sea salt ' 500 -

Soil 100 150%

“orest fire 5 GO*

Volcano 25 —

Factory, Plant, Incinerator, efc. = e 30 o
Sub total ] 870 (100%) 630 (72%) | 240 (289%)
Secondary particle

Sulphide 335 200

Nitride 60 35

Hydrocarbon ) e . 75 I‘S
Sub total . 120 (H10%) 470 (65%) 280 (8%)
Total . 1590 (100%) 1100 (699%) 490 (319%)

* attending on the artificial actions indirectly

The secondary particle is a general term for the particulate matter changed from the emitted
gas through chemical chain reactions. Some examples of emitted gas are sulfur compounds (SO,
and H,S, ctc.), nitrogen compounds (NO, and NH;, etc.) and 'vegetable hydrocarbon (terpen,
etc.). |

In the following estimate, it is assumed that most of the secondary particles are nitrate and
sulphate and that NO;~ and SO, exist as ammonium salts. Further it is niecessary for the estimate
of the sulphate ion in the secondary particle to subtract the sulphate ion that originated in Sea salt
(primary particle) {from the total sulphate iron.

Then S, the cohcent'ration‘ih Sea salt |S,..] is cstimated with sea salt concentration based on the
report by Mizobata®® that indicates S is 2.6% in sea salt. So the contribution concentrations of the

secondary particles are estimated with the following equation:

The secondary ' 96 1322 80
particle = 1[SOL7] — [Ssea] X 57X t [NO;™] X PR (2-21)

concentration 9%
{NO; }: NO;™ concentration on particulate matter measured by Low-volume sampler

[8042—]: SQ,* concentration on particulate matter measured by Low-volume sampler

Table 2-15 shows the contribution rates of the secondary particle added to the contribution

rates on particulate matter estimated by the CMB method with 7 emission sources (Table 2-12).



Tablé 2-15 The Resulfs of the Estimation by the CMB Methed in Consideration of the Secondary Particle

[First survey) _ (%)

Coaponent ws 1| Hs2 | Hs3 | Msd} S S
Sea sall 4.5 8.9 451 851 . 44
Soil + Road dust 41.0 29.3 - 23.8 43.1 16.2
Diesel auionohile 34.8 36.8 28.5 31.8 24.5
Gasoline aulesoblle - 5.6 1.% 3.5 3.6 0.1
Iren and steel Ind. 2.1 2.1 10.7 1.8 0.3
Fuel o} copbusiion 0.4 0.6 0.9 0.2 Q.4
Glass Indusiry 0.1 0.1 1.0 0.2 0.5
Sub lotal - 886§ 804 728 | 929 | 1062
Secondary T 2.5 19.1 16.1 14.7 10.4
Tolal 0L 92.5' | 89.0 | 107.6 | 1166
[Second survey) . (%)

Cosponenl mst| wmsz| w3l w4l s
Sea salt 12.2 22,6 | 10.7 158 [ 21.3
Soil + Road dusl © 416 13.7 14.8 35.1 457
Diese]l automoblle 32.7 29.0 21.0 47.6 33.9
Gasol ine avlezobile 0.8 -0.4 2.4 0.4 -0.2
{ron and steel lnd. 2.0 0.4 0.1 0.3 -0.1
Fuel oll cozbustion 0.3 1.6 2.4 0.2 0.1
Glass indusiry 0.4 2.0 3.7 1.4 0.7
Sub tolal 89.8 68.9 1.1 100.9 96.9
Secondary M0 | 29| 168] 57| 14
Total 103.8 93.8 78.0 116.6 108.0
{Third survey) . . (%)

Componenl S 1 Hs 2 M5 3 HS 4 "5
Sea sall 5.0 81| 51 1.4 8.4
Soil + Road dusl 28.3: 26.2 18.7 30.5 411
Diésel auvlomobile 38.0 28.7 20.8 3.6 23.1
Gasoline aytosobile 3.8 0.1 1.9 2.4 0.5
iron and steel Ind. 3.8 2.6 4.0 2.0 2.3
Fuel oil combustion 0.3 1.1 1.3 0.3 0.2
Glass Indusiry 0.5 2.1 0.7 3.6 1.6
Sub total 9.8 .4 62,1 80.7 83.3
Secondary 1.5 25.9 20.3 Il 1 10.8
Tolal 91.3 96.3 | ¢ 82.4 91.% 94.1

The result indicates that the total contribution rates are over 100% at some monitoring stations.
This is because all S'O.;z“ and NO;™ on the particulate matter arc regarded as secondary parﬁcles
(ammonium saits). In addition, the results that the total contribution rates are under [00% at some
stations may be due to production by unknown emission sources (most of it may dué to slash and

burn agriculture).
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2.2.4 Coﬁsideration

Sca salt, Soil+Road dust, Diesel auto-

The contribution rates of each emission source type
mobile, Gasoline automobile, Iron and steel industry, Fuel oil combustion and Glass industry—on
particulate matter arc estimated by the CMB method (shown in Table 2-12), and the results of this

estimate are considered as follows:

(1) Sea salt .

~ The contribution rates of Sea salt are high at some monitoring stations: MS2, MS3 and MS4.
This may be because these stations at near the Chao Phraya River (shown in Fig. 2-3). In addition,
the contribution ratcs at MS2 are higher than others. This may be because MS2 is located on the
leeward of the rivér, while the stream direction and wind direction are parallel at MS3 and MS4.
With regard to the scasonal change, the contribution rates are high during the second survey

period. This may be because the wind blows from the river frequently as shown in Fig. 2-4.

(2) Soil+Road dust : _

The reason why the contribution rates of the Soil+Road dust are high at MS1, MS4 and MS5 is
shown as follows: MSt locates at 90 m west from Sukhumvit Road (traffic volume is 77,000 cars/
day) and MS4 locates at 100 m cast from Sukhumvit Road (traffic volume is 35,000 cars/day), so
these stations may be suffering from road dust. MS5S—where the contribution rates of Soil+Road
dust are highest—Ilocates at 120 m south from Theparak Road (unpaved road). Furthermore, all
around this station the surface soil is exposed. So this station may be suffering from road dust and

blown-up seil.



HOUSES

’,_a_-__,___;—_:_—"__—“‘ INDUSTR
. ooy -ll.{l.
@& O an ESTATE

Fig. 2-3 Location of the Monitoring Siteé
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MS 1) MS2) MS 5)

IST SURVEY

IND SURVEY

tive MEAN WIND VELOCITY=
{m/ 1) 2, §lmssh

3RD SURVEY .

MEAN WIND VELOCIYVY= MEAN WIND VELOCITY= MEAN WiND VELOCITY=
Ll {ms s . 3 {m

) AR ] 3}

FREQUENCY OF WIND DIRECTION

s MEAN WIND YELOCITY
{FOR EACH DIRECTION}

Fig, 2-4 Wind that Arose during the Short-terin Field Survey
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(3) Diesel automobile, Gdsohnc automobile
The reason why the contribution rates of chse! dutomoblle and Gasoline automobile arc high
at MS1 and MS4 may be the same as above. The contnbutlon of Diesel car varies 23~48 pct

whercas that gasoline car maintains onty 0~5 pet.

(4) Iron and Steel industry '
The reason why the contribution rates of the Iron and Steel industry are high at MS3 may be
that the iron mill (electrosteel) stands on the other side of Chao Phraya River. The wind mostly

blew from steel plant site (NE) in the 1st survey period, which is thought the cause of higher
contribution. The frequency of NE winds was less in the 2nd and 3rd survey periods.

(5) Fuel oil combustlon

Though the contribution mtes of F uel oil combustion arc relatively high at MS2 md MS3, the
absolute rates are low (about 2%). Furthermore, at the other stations thc contribution rates are
under 1%. Especialfy, the rates at MS5 are vbry low (abmlt:O.l%). Beéides, the contributiﬁn rates
of Fuel oil combustion at MS2—which stands in the power plant ground—are low (about 1%} may

be because of high chimney (104 m height).

(6) Glass industry . .
The contribution rates of Glass industry varies from 0.1% to 2% and have no regional charac-
ter. However, to be considered is that aluminum smetiing factory also emits same chemical compo-

nents as thosc of glass factories, and both share the contribution.

(7) The contribution rates of natural products and the artificial producdts

Though it was not possible to disti.nguish between Soil (natural product) and Road dust (artifi-
cial product) in this estimate, the results show that the largest emission source type of artificial
products is the Diesel automobile (black smoke in the exhaust gas) and the second emission source
is Road dust and the contribution rates of Fuel oil combustion and the Iron and Steel mdustry are
very low (several pcrccnt) However, as the ratio of natural products and 'li“[lflClal products varies
seasonally, it can be regarded as fifty-fifty. This estimated result agrees with the common value

measurcd in many countrics.
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PART VI REMEDIAL EFFORTS AGAINST EMISSION SOURCE IMPROVEMENTS AND
THEIR EFFECTIVENESS






1. Summary

In view of what is discussed in the previous Chapter, it 1s clear that the ambicnt concentrations
of SO, and NQO, in Samut Prakarn province taday (as of 1988) meet the environmental standards of
Thailand at alt arcas. However, if the 6th state econoinic and social development plan is completed
and the sﬁcceeding similar plan are carried forward, it is most likely that environmental deteriora-
tion is inevitable as the result of such developments. Accordingly, we have first predicted the
ambient concentrations of 80, and NO, for the futurc years of 1992 and 1999 assuming that the
~econontic dcﬁclopment is carried out without appropriate control measures taken for the emission
sources. This revealed that NO, ambient concentration would exceed the environmental standard
in 1999 in this arca. Then, concrete remedial measures for emission sources and their effectiveness
have been studied to improve NO, ambicnt concentrations in future years. In addition, while SO,
ambient concentration will not exceed the environmental standard even if economic and social
develbpméni is made progress, the CQIltl‘ibl.lti(_)n rates at high concentration points are greatly occu-
pied by [actoriés; in Thailand no SOZ_‘emESSion control for factorics has prcseﬁtly been enforced,
very likely causing a problem of unfairness among factories relating to SO, cmission under the
status quo'. This pill't:, {herefore, discribes the methods of SO, emission control for factories and the

forecast of ambient concentration of SO, after implementation of emission control o future (1999).
2. Emission Volumes of SO, and NO, in Future Years without Countermeasures against Sources
2.1 Factory

Though it goes as a rule that the air pollutant emission volumes in future years have to be
estimated based on the detailed emission source data reported by enterprises. In this study, howev-
er, the estimation was made by resorting to another method because such data were unavailable
from enterprises. Namely, what are used as information for forecasting arc the increase rate of the
gross domestic product price (from the Thailand Development Research Institute; G.D.P. by Sec-
tor, July 1988) and the clastic modulus of energy. The fuel consumptions in future years were firstly
predicted by uéing equation (2-1). The emission volumes of SO, and NO, in future years were then
calculated from these valucs multiplied by the emission factors of S0, and NO,:

Wi = WX (1 D)™ ettt e (2-1)

where
W, : fuel consumptions of factories in {992 and (999

: fue! consumptions of factories in 1988

W
p : increase rate of the gross product price
e : modutus of clasticity; 0.8

n

: number of years
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The vatues of p (z'l.nnual ratc) are (L0578 for 1988~1991, 0,0513 for 1991~1996 and 0.0542 for
1996~2001. The increase rate of the fucl consumptions in 1992 and 1999 obtained by subsli.tuting
thesc values, for the equation (2-1) comp"ucd to 1988 base year are 1.192 and 1.590, rcspectlvely
Quantities of SO, and NO, emitted from factories in future years obtained from such calculatlons
are shown in Table 2 1'and Fig. 2-1. In estimation of the SO, and NO emlssnon volumes in future
years, the factories who will be establlshed in the industrial estate constructed by Thai government
in the Samut Prakarn industrial dietrict which are shown in Table 2:2, were also added as the
future cmission sources. The fuel consumptions of these factorics were estimated by knowmg the

fuel consumptton units per one employee (Chapter IV, Table 2-27).

TFable 2-1 50; and NO, Emission Volume Emi.tte('l from Samut Prakarn Prefecture in Future Years

Type S Oz enlssion volue (Lon/vear) | . N Oy enission voluse (tonfyear)
Name of source :)'fJ ¢
‘ source 1988- | 1992 (92/88) | 1999 (99/88) | 1998 | 1992 (92/88) | 1999 {99/88)
- Qg%ghi\on'na'ire point 13649 | 16269 (1.19) | 21701 {1.59) 8108 | 9655 {(1.19} [ 12892 (1.59)
. Questionnaire | area 4681 5580 (1.19) | 7443 (1.59) T12] 848 (1.19) | 1132 (1.59)
Stalionary | nothing . ) .
sources In u?tnal | arca —_ o (—)| 298 ({—) -— 28 (—) 28 ()
Sub total 18330 | 22147 (1.21) | 29442 (1.61) | 8820 10541 ¢1.20) | 14052 (1.59)
Road way line 1474 [ 1829 (1.24) | 2261 (1.53) | 7812 10448 (1.34) | 15119 (1.94)
‘{!es.f,fl:!s ) point 1263 1505 (1.19) | 2007 (1.55) | 1623| 1935 {1.19) | 2581 (1.59)
sailing
Vessels Ferryboats, point ‘B 11 (1.38) 17 (2.18) 26| 36-(1.38) 57 (2.18)
P an boat {anchoring) . ) .
erryboats Ferryboals polnt 53] 82 (1.38)| 128 (2.18)| 22| 304 (1.38) | 476 (2.18)
sailing L
Sub total 13301 1598 (1.200 | 2152 €1.62) 1870 | 2215 (1.22) | 3114 (1.6T)
TOTAL 21134 ] 25574 (1.21) | 33855 (1.60) | 18502 | 23264 (1.26) | 32285 (1.74)
Table 2-2 Summary of Factories Planned for Construction
¥mbec | Fusl | Fuel S0; {NOx
. Factory Area | of em~ | gener. | consu-[ eal- | eal-
Site Product Code ployee | (0 01 |eplicn] ssion| ssion
nane per-_ | kl/y voluze | voluze
{n®) son) |/per.) | (kify)| (t7/v) | (t/y)
Eternal Phthalic .
Bangplee | Petrocheml- | anhydride 42 64,488 160 o0 400 18,601 1.74
cal 0, LTD 1
[ndust- -
ol i | Brosetvatve| s4@ | teo| 180 | 72| 18| 502 047
Estate m..hn ’ ‘ . ’ ’
Ttk prasn crip | D0 | SO U ei6] 4] 7.8
dNaka Tau; 'Y . »
.| M o | 63| 2w
Bangpoo | dgton Facka- | Canned fooa| 0 | B30 0 b g 460|009 15.0
ian Packa- 460 | 160, .
ging . L 7 | 6.616] 700
Indust- pra ;
rial I(ion.Tire- L .
Thallarzdl Tire & Tube | 51 26,191 206 20 513 23.85] 2,23
Estate o, . LD : . .
Denng oy 2 |eol w0 | 155 | a0 wa] s
‘. 110 eing ) _ ' :
TOTAL 6.407| 291.%2| 71.8
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2.2 Vessels

The growth of the number of vessels was considered proportional to the growth of the gross
product price and thus the number of vessels were estimated in the same manner as the factory.
‘Then this number was maltiplied by the SO, and NO, emission factor for calculation of the SO,

and NO, emission volume of the coming years. The result is shown in Table 2-1 and Fig, 2-2.

2.3 Vehicles and Ferryboats

Based on the number of cars for year 1991 and 2001 listed in the forecast of the number of cars
owned in Samut Prakarn province (Mr. Mikimasa Yoshida; Asia Economy Institute, Ms. Chuta
Manasphaibul; Associate Professor, Faculty of Economics, Chulalongkorn University, Ms. Orajit
Singkalavanich; Director, Planning Division, Dept. of Export Promotion, Ministry of Commerce,
1980 Economic Development Policy in Thailand, Asia Economy Institute, 1989), the number of
cars for 1992 and 1999 was estimated and this number was mu'ltiplicd by the SO, and NO, emission
factors to calculate the SO, and NQ, emission volume from cars in the future. The result is shown

in Table 2-1 and in Fig. 2-3. The 'growth of the number of cars owned is as shown in Table 2-3.

Table 2-3 Gmwth.of Number of Cars Owned

. Growth of number of cars owned
Vehicle type e o Remarks
199271988 1999/1988 .
Light vehicle 1.241 1.532 Growlh ratc of number of trucks and buscs
Heavy vchicle I was applied. S
Gasoline 1529 | 2.725 Growth rate of number of cars was applicd.
LPG _ o
Motor eycle 1.526 3.034 Growth rate of number of motor bicycles was
applied.

Future emission volumes of SO, and NO, from ferry boats were calculated as follows: We
assumed that the number of ferryboats in operation was proportional to the number of cars running
on Puchao Saming Phla Road and that it increased at rates of 1992/1988=1.376 and 1999/
1992=2.155. On the basis of this assumption, the number of ferryboats to be operated in future
was calculated and then, to calculate the SO, and NO, emission volume, that numbers were multi-

plied by the emission factors of SO, and NOx. The results are shown in Table 2-1 and Fig. 2-2.
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NO, in 1992
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2.4 SO, and NO, Emission Volumes Emitted from the Whole Sz_u’m’:t Prakarn Region in Future

Years in the Case of Taking No Countermeasures for Emission Sources

- The SO, and'NOx.emissi{)n volume from factories, cars, vessels, and ferries in Samut Prakarn
Province for the case where there arc no countermeasures for emission sources were summed up.
This result is shown in Table 2-1. The S50, and NQO, emission volumes from the whole Samut
Prakarn Province b_'y mesh arc shown in Fig. 2-4. Thcs_c results show that the total etnission
volumes of SO, and _NOx in 1992 are 25,574 and 23,264 metric'ton/ycmj‘respcctivcly. Those figures
of 1992 comparcd with emission volumes in [988 .(SOE; 21,134_ tly, NO,; 18,502 t/y) show the
increase of both pb!lutams, 1.21 times in SO, and 1'.26_timés in NO, against the base yeaer of 1988.
In similag manner, the SO, and NO, cmission _vblumcs in 1999 _WCre estimated to be 33,855 and

32,285 tons per year respectively, or 1,60 and 1.74 times increase against the basce year of 1988.
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3. Forecasting of Ambient SO, andd NO; Concentrations in the Case of Taking No Countermeasures

Taken against Emission Sources
3.1 Modeling of Smoke Sources Data

In order to predict SO, and NO, ambient concentration in the future yeais by using SO, and
NO, emission volume mentioned in the previous chapter as input data, the data of factory smoke
sources (stationary poiht sources) were modeled. Namely, we supposed that the measures for in-
creasing the fucl consumption of existing facilitics in factories are taken according to the fOlluWing
priority order. A hist of measures for increasing the fuel consumption is shown in Table 3-1:

(1) Increasc of load factor -

(2) Extension of operating hours

(3) Fucl distribution to the samec facilities

@ Increase of facilities with the same scale as the cxisting ones

Table 3-§ Measures for Increasing the Fuel Consumption

Measures : Year of 1992 L Year of 1994

) lncrease of load First, increase the load factor without changing the operating hours. Increase of the load

factor. factor normally fcdds to the increase of the fluc gas volume. -
(@ Extension of If the step (1) can’t absorb the increment of the fuel consumption, extend the operating -

operating hours hours. : o
¢3) Fuel distribution | If the steps (1) and (2 can’t absorb it, distribute the fuel to a facility with a surplus burning

to the same capacity, if there is onc. N : B

facilitics {Put one unit of facilities out of 1-64-3: Put facilities out of service inte

: service into operation.) operation. )
3473 3- 5-2: Put facilitics out of scrvice into

operation.}

3- 9-3: Has.a surplus capacity.)

3-14-4: Put facilitics out of service into
operation.)

3-47-3: Put facilities out of service into
operation.)

3-57-2: Put facilitics out of service inle

_ operation.) '

(@) New cincrease of | IEsteps (), @ and @ can’t apply it, newly increase the Facitities.

[ﬂ(‘ililics ﬁ?lul h T I_Sl_i[)l

3- 4-101 2 3-101

2 facilittes above were newly increased.| 2-12-101

2-17-101

3- 4-101

3-14-10

3-23-101, 102, 103

3-33-101

3-42-101

3-57-103

3-77-101

3-78-101

3-105-101

15 facilities above were newly increased.
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3.2 Diffusion Condition

The simulation model which was used fo'predict the future ambient pollutﬁnt concentrations is
an atmospheric diffusion model which was mentioned in Chapter V since that model .can well
reproduce the é.ctuatly measurcd present ambient pollutant concentrations. For the meteorological
condition necessary for forccasting the future ambient pollutant concentrations, the same condition
as applied to calculation of the present concentration was employed on the assumption that the

average annual meteorological condition will not significantly change in future, as well.

3.3 Comparison of Ambient Pollutant Concentrations of the Whole Area to the Environmental . -

Control Standards of Thailand

We predicted the annual average ambient concentrations of SOQ, NO, and NQO; in all areas of
Samut Prakarn prefecture in 1992 and 1999. The results are shown in Fig. 3-1 and Table 3-2. The
number of mesh by concentration rank is also shown in Table 3-3. These results revealed that if no
countericasures for emission sources arc taken, as indicated in Table 3-4, both SO, and NO,
fulfilled the environmental standatds of Thailand in all areas in terms of current figures (1988),
whereas NO, would exceed the standards at 31 points in 1999. Fig. 3-2 shbws the points where NQ,

would exceed the environmental standard.
3.4 Contribution Rate by Emission Sources

The points where NO, ambicent concentration will exceed the environmental standards in future
are as shown in Fig. 3-2. The contribution rates by cmission sources of high contribution-top 8
points were calculated, and the results are shown in Table 3-5. While the ambient concentration of
SO, will not exceed the environmental standard, the table also shows the contribution rates by
emission sources at high concentration-top 8 points for SO, ambient concentration.

According to these results, the contribution rates by cmission sources at the poihts where NO,
concentration will exceed the environmental standard in 1999 are 2.6 to 7.6% for factories, 32.4 to
83.4% for cars, 2.2 to 11.4% for ships, and 0.1 to 35.6% for ferryboats, demonstrating a great
contribution rates by cars. This trend is same for the rates in 1992. As for $SO,, contribution by

factories occupies about 75 to 88% in both 1992 and 1999 against 6% for cars.
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‘Table 3-3 Number of Mesh by Rank of Air Pollutant Concentration (Case of Taking No Countermeasures)

: {50:] (NOz ) {NGx)
Rank of Number of mesh Rank of Number of mesh Rank of Nuuber of mesh
tocentrasy oo | 19 | 190 || $o5ertoow) | 1008 [ 1002 ] 1900 ] | E55etomi 1902 199

0.0~ 5.03 977 929 885 0.0~ 5.0 614| 476 30 0.0~ 5.0 277{ 2237 189

5.0~10.0] 128] 154] 150 50~ T.5| 305 429} 437 5.0~10.0] 6767 643| 544
10.0~15.0] 28] 42 67 7.5~10.0| 105} 104] 10| }10.0~15.0] 116 141| 298
5.0~20.0[ 21| 18] 24]10.0~12.5] 64| B| 8] |15.0~20.0] 78] | 68
20.0~25.0 s 14| 18] J1z.5~15.08 7| 461 55| | 20.0~25.0 9] 51| &8
%.0~30.0{ 0] 4| 13|{.o~17.5) 0} 10| 8{|Bo~20i 2 1| 6
30.0~35.0 0 0| 6] |17.5~20.0 0. 28 30__0*‘350 0 il 13
35.0~40.0 [ ] 1] |20.0~22.5] 0 1] [36.0~40.0 0 1 6
TOTAL | 1159 1169 1159} | 22.5~25.0 0 6| | 40.0~45.0 0 0 0

TOTAL {1159 11569 1158 | 45.0~80.0 0 0 1
' 50,0~55.0 0 0 1
TOTAL | 1159] 1159} 1159
Table 3-4 Number of Mesh at Which Envirenmentil
Standards Are Exceeded (Case of Taking No
Countermeasures)
Year 80, NO-
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Fig. 3-2 Points Where NO; Environmental Standards Are Exceeded in Samut Prakarn Prefecture (Case of Taking No
Countermeasures, in 1999} :
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4. Remedical Efforts against Kmission Source Improvements and their Effectivencess

It was clarificd that the atmospheric NO; concentration in Samut Prakarn Provinee would ex-
cced the environmental standards in 1999 and that cars would occupy most of the contribution rates
by emission source at the points where the said NO, concentration would exceed the standard.
Then, with cars as a target, specific remedial measures for NO, emission sources (such as adoption
of NO, emission controlled cars) were studied, coupled with forccast of the ambient concentration
of NO, after adoption of restricted cars.

Although it was predicted that the ambient concentration ol SO, would not exceed the environ-
mental standard despite the progress of cconomic and social development, the contribution rates at
high concentration points would be greatly occupicd by factories. Thus, this led to forecast of the
extent to which the environment would be improved if SO, emission control i implemented for

factories in future.
4.1 SO, Emission Control for Factories

Al present, no'SOg emission control is in force in Thailand. In other words, i is presently
permissible no matter how much SO, may be emitted. This leads to lack of fairness anmng'faclo-
ries, suggesting that some measure should be taken. Thus, environmental remedy was examined in
case that K-value control of Japan was adopted as a specific control measure for emission sources
for factories with 1999 as the t:urget year. This K-value controf is the control of maximum concen-
tration on the ground level as shown in the equation (4-1), which can be met by either making
stacks higher or reducing SO, emission volume. Specific K value was established making reference

to that of an area of Japan similar to Samut Prakarn Province.

where q is the quantity of sulfur oxide and He is the effective stack height calculated from

equations (4-2) and (4-3).

He = Hy0.65 {HMAHE oo (4-2)
_0.795VQV
me= 2.58
[+——
Y,
.......................................... (4-3)

1
H, = 2.01><10‘3-0-(T—288)-{2.3[} 1ogJ+—j——1}

I Vv
—— 3 [460-296 X ——l4]
VQ-V T—288
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where . _
He : effective stack height_(m)
H, : actual stack height (m)

Q : cxhaust gas volume at 15°C (m?/s)
V : discharge spéed of exhaust gas (n/s)
T : temperature of exhaust pas (°K)

4.1.1 Establishment of the K Value

Table 4-1 shows the volume of S0, per area emltted from factories in Samut Pmk'n"n province,
and Table 4-2 shows those from detOl”lCS in the rcglons of .hpdn wh:ch are similar to thc forcgoing 7
province. These data indicate that i in the Samut Prakarn region the SO, volumc per area is 19.52
tons/year/km?, whereas in Japan the SO, volume obtained by averaging those reg'ions'with a kK
value of 13.0 accounts for 11.72 tons/year/ kmZ. Likewise, those regions with a K value of 10.0 give
an average volume of 9.06 tons/year/km?, and those with 8.0 Iaa;.fe an ziVerage of 8.37 tons/yecar/
k. As a consequence, K= 130 is considered most suitable to be applied to the Samut Prakarn
region judging from the emission volume of 802 per area. Lookmg at the K values in T’lble 4-2, the
volume of SO, per area greatly varies among prefectures and cities even though they have the same
K value This is because the K value in Japan is determined based on the considerations including
not only the density of factories and the scope of smoke dxffusmn but also the feasxblhty of admin-

lstratwe conirol.

Tabie 4-1 SG» Volume per Area Emilted from Facteries in Samut Prakarn Province during 1988

0y @ @=0+®

S0; S0z
Name of county emission Area volume
volume per area

(ton/y) (ka®) | (ton/y/km?)

1 HMueang 5163 356 . 14.50

2 Bang Plee 932 534 1.75

1 3 Phra Pradaeng 12235 49 249.69
TOTAL 18330 939 19.52
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Table 4-2 SO, Volume per Area Emitted from Factovies in the Regtons of Japan Simitar to Sanut Prakarn

Yearly |@ @ O]
average 50, S0
K ' S0O;: [esission emission
Name of city| concent-| volume Area voluge
value ration| in 1985 per area
in 1987 (ton/y
© {ppb) | (ton/y) | (km?) /mt)
Shibukawa 9 1373.6 51.84 26.50
Numazu 1 452.0 151.20 2.99
Mishima 5 1043.2 61.81 16.88
Tamano 10 180.7 103.35 . 1,15
Komatsujima 1 193.3 44.38 24.63
13.0 | Naruto b 730.6 | 135.41 5.40
Anan 7 4608.3 | 252.83 18.23
Kurume 1T 1675.1 123.93 13.52
[Loman 2 249.9 44.98 5.56
Dkipawa 3 86.9 48,74 .78
Kushiro il 5417.5 | 218.85 24.75
Takefu 5 446. 1 184,98 2.41
10.0 | Sabae g 386.0 84.23 4.58
Saseho 5 1123.7 | 260.46 4,49
Otaru 9 504.5 | 244.85 2.06
Asahikawa 8 1877.7 | 149.42 2.51
Sakata 4 1358.9 | 175.G0 1.77
Ulsunoaiya 8 1024.8 312.53 3.28
Kanuma b 229.2 | 31114 0.4
8.0 | Mouka 6 891.5 [ 111.49 .60
Tsuruga i} 1262.9 | 249.51 5.06
Takehara 8 5464.7 | 117.54 46.49
Hihara 10 1349.8 | 204.35 5.61
Onomichi g 125.9 | 110.73 1.14

Remark : The reason uhy difference of SO emission volume is
seen at the areas adopled the same K-value is due lo
inslitutional judgemenl social-ecomenical faclors.

Table 4-3 shows actual stack heights required to achieve the K values (8.0, 10.0, 13.0). Suppose
the K value is 13.0, except for extremely tow stacks with an actual stack height of around 5 m, it is
sufficient to add to the stack heights of 10 to 15 m to reach about 20 m, and this is thought to be the
most feasible in view of economic efficiency. |

Bascd on'the above consideration, the concept of K value control in Japan was adopted for the
control of S0, emiss.ion from factories in Samut Prakarn province, and the specific K value was

thought to be 13.0.

4.1.2 SO, and NO, Emission Volume after Implementation of SO, Emission Contro}

In implementing K-value control, the K-value may be satistied cither by increasing.stack height
as described above, or reducing the emission volume of $O,. This allowed us to compute an actual
stack height and an SO, emission volume required to fulfill K=13. The results are shown in Table
4-4, According to these results, some factories would have to cut back their current cmission
volumes of SO;_. to about 1/7 if they attempt to achicve the K-value by reducing the cmission
volume. Since that would be impossible, the other alternative of increasing stack heights was

thought to be realistic to achieve the K-value.
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1t should be kept in ll'l.il;ld:tllﬂt a higher stack will not éxpand the séopc of pollution; if emission
volumes arc same, the ground level concentration of a pollutant emitted from a high altitude will
no doubt be lowered compared with that from a low altitude under an'identical diffusion condition. |
That is to say, Fig. 4-1 shows axial ground level concentrations on the down wind distance (CU/Q)
in a'single stack when the_ effective stack height He is varied, indicating fhat higher stacks exhibit

lower ground level concentrations in any leeward distances as compared with lower stacks.

1072
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Kig. 4-1 Axial'ground level concentration for different effective stacks
heights He (u; wind speed, Q5 emission voluime)
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=13.0

Tabie 4-3 Stack Heights Required to Acheive K Values (13.0, 10.0 and 8.0)
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Thus, SO, emission volume after improvement of K-value control is Saﬁm as that when no
source countermeasure is takch, showing 29,442 tons)’yehr as presented in Fig. 2-'1(1) and Tablc '
2-1."In addition, thc-cmissio_n volume of NO, also remaihs unchangéd .b'eca'use of n():improvément
in combustion plants, amounting to 14,05_2 't_Ons/yezir as exhibited in Fig. 2—1'"('2') and .Table 2-1.

In order io achie\_ré the K value, in addition to 'in(':reasing the stack -height to enhance He,
another :Way is to reduce the caliber of stack and increase gas cjection vel.ocity, thus having grcat_'er
He. In t'h_e' case of a stack-with winbrella, in addilio_'n, the ejection velocity will be raised if the
umbrella is removed, so that the stack height will not hzwe_fo be increased more than necessary.
Therefore, taking into consideration cconomic efficiency as will be described in Part VII, the stack
caliber was made smaller to have a’ gas ejection velocity of 15 m/s, coupled with a limited stack

height. Table 4-5 shows the results of the above measures.

Table 4-5 Intprovements in Factory Stacks

STACK . Aclual slack Diameter (a) Gas velocily
height (=) . {nfs)

Coun | Fac-{ Sta-
SEQ) fybtory] okl before] after | before] after | before] after
code | No.| No | count. | couni. | count. | count. § count. | count.
1) 3f B 1 5 38.0 9.9 [ 1.55 § 0.00 | 15.0
2) 3] H 3 5 170 |' 9.9} 0,55 § 0,400} 15.0
3 2] 23 4 5 | 12,5 9.9 ] 0.53 | 0.00 | 15.0
4} 1] 68 2¢ 20 31.0 1.5 | 0.96 | 6,09 | 15.0
5 3 2 5 5 10.0 9.9 1 0.65 | 0.00 { 5.0
6) 3| 24 1 7 10.5 0.4 | 0.22 | 4.46 | 15.0
T 21 2 2 3.0 0.2 ] 0.14 ; 7.58 | 15.0
B) 31 % 11 6 1301 9.9 { 098 | 0.00 | 15.0
9 3B 2 6 8.5 8.6 | 0.03 1 0.00°| 15.0
10 1f 1 15 31.56 0.5 1 0.63 } 0.00 | '15.0
11) 21 18 2 6 10.5 .21 028 | 0.00 |-15.0
12) 3 9 1 ] 6.5 {--9.9 | 0.11 |:0.00°{ 15.0
13) i{ - 68 1 16 210 1.2 | 0.50 | 2,64 { 15.0
14} 1| 66 1 10 18.5 0.4 ] 0.46 } Q.00 | 15.0
15) 3| 58 2 10 13.0 0.7 | €.45 § 0.00:].15.0
)| 3] 1t 2| 22 33.0 1.2 | 0.85 | 8.32 1+ 15.0
17) 1] 5 2 B 11.0 0.6 { 0.44 | 0.00 [ 150
18) 3| | 1120 21.5 0.5 | 0.8 |'15.30 § 15.0
19) 3| 14 21 20 21.5 0.8°] 0.81 | 15.30 | 15.0
20 3| 108 21 12 11.0 0.4 | 0.36 | 0.00 | 150
21) 3. R 1 10 14.5 0.8 | 0.36 | 0.00 | 15.0
22) 1] 70 3 6 10.5 1.7 | 0.46 | 0.00 | -15.0;
23} i{ 3 2 15 18.0 0.7 | 0.43 § 5.69 | 15.0
24) 3] 1 16 23.5 0.6 | 0.50 ¢ 0.00:] 15.0
25) 1] 35 1 15 18.0 0.7 § 0.43.f 5.69 | 15.0
26) 3| 16 4 15 23.0 0.6 {060 0.00 [ 15.0
2N 3} 102 1113 21.5 0.5 | 056 | 0.00 7 15.0
28 11 & 3| 20 22.5 1.5 | 0.6 | 2.03 1 15.0
29) 1} 66 21 M 21,5 0.6 | 0.54 | 0.00 § 15.0
30 31 16 3; 15 20.5 0.6 0.45 | 0.00 | 15.0
31} 3 47 31 12 20.9 0.7 ] 0.55 ] 0.00 | 15.0
32) 1 2 i 12 18.0 0.6 | 0.50 § 6.00 | 15.0
33} 3{ 9 1 156 19.5 0.5 | 0.4F { 0.00 | 15.0
34) 11 # 1 10 12.0 0.5 § 0,30 | 0.00 | 15.0
35) 1] 70 2 18 23.5 0.6 | 0.96 |38.04 | 15.0
36) 3 5 2] A 29.5 0.8 | 1.22°134.79 | 15.0
3n 3f 16 1] 16 18.0 0.6 [ 0.33 | 0.00 ] 15.0
38) 316 2 15 18.0 0.6 | 0.33 | 0.00 | 15.0
39) 1f -0 i 18 21.5 0.6 |-0.85 j30.38 | 15.0
- 40) 3| o 2{ 18 23.0 0.9.1 051 ¢ 0,00 | 15.0
11} 3 M 3| 18 23.0 0.9 | 0.51 0.00 | 15.0
42) 31 ne 21 10 10.5 0.3 | 0.28 12,61 | 15.0
43) 2 5 [ 10 11.5 0.5 | 0.29 | 0.00 | 15.0
44) il = 1 10 11.0 0.4 | 0.25 | 0.00 | 5.0
45) 1] 5 11 30 35.5 0.6 ) 070 ] 0.00 | 150
46) 1] 21 30 35,5 0.6 | 0,70 | 0.00 | 15.0
47 3 14 3] 20.0 0.8 | 0.57 § 7.66 | 15.0
48) 1l 64 2 § 6.0 0.3 | 0.16 | 0.00 [ 15.0
49) 3l B 2 1 1.0 0.3 | 0.33 | 0.00 | 150
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4.2 Adoption of NO, Emission Restricted Cars

In Samut Prakarn province it is predicted that the ambicnt concentration of NO, will excecd
the environmental NOg"standard' in 1999, mostty ‘attributable to automobiles (with a contribution
rate of about 80%). As a consequence, automobile cxhaust control will be required to fulfill the
envir_onmcrital control standard of NO, in futurc years.

Table 4-6 shows NO, emission factors by auto emission restriction yucar established by the
Ministry of Construction of Japan. While the NO, emission factors of this table are classificd by 6
- vehicle types, Table 4-7 shows NO, emission factors made correspondent with the 5-type classifica-
tion in Thailand (sce Part [V, 3, 4). Tablc 4-8 shows the reduction ratc of the NO, emission volume
from automobiles in each ycar when NO, emission restriction is adopted from 1973, vsing the NO,
emission factors shown in Table 4-7 as w'ell as the composition of cars by type, traffic volume by
road, and car speed in Samut Prakarn provinge. On the ather hand, the reduction rate of contribu-
tory ‘conceritration by cars, ‘which is requircd to lower the concentrations of N02 at the points
where they will exceed NO, cnvironmental standard in 1999 down to NQO, environmental s.tandard
value (18 ppb) by instituting NO, restricted cars, are figured out as shown Table 4-9, revealing that
a 47.9% reduction is necessary. Because of the proportional relationship between the NO, emis-
sion volume and the NO, diffusion concentrétion, 'the rcdﬁction rates of NO, emission volume in
1999 is computed as 47.9%. If these reduction rates are allowed to match the NO, reduction rates
when resiricted cars are adopted (Table 4-8), it is understandable that adoption of 1978 controlled
cars by Japan will be required in 1999 to acéomplish NO; environmental standard. Table 4-10
shows the automobile emission volumes of NO, in Samut Prakarn prbvince due to the adoption of

restricted cars, and Fig. 4-2 shows NO, emission volume by mesh.
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Table 4-6 NO, Emission ¥actors hy Year S o :
« Emission ¥uctors hy Year of Automohile Emission Restriction (Establisked by the Miniséry of Contructi
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Table 4-8 Reduction Rate of NOY, Emission Volume duc to Adeption of Restricted Cars

Cut percent of
Restriclion ycar | NOx emisson
volume (96}
non restriction 0.00
1973 15.74
1974 . 21.25
1975 33.24
1916 : - 36.52
1477 _ 44,64
1978 49.25
19719 55.84
1980 55.84
1981 56.61
1982 61.82
1983 62.38

Table 4-9 Reduction Rates of Automobile Contributory Concentration Reguired to Achieve NO, Environmental Standard

in 1999
NO» Automehile contributory
: . Environmental Reduction in L concentration required 1o Beafugtion taie of
Mesh code  COMENITILON. Gndard vatue  concentration Autemobile contributory  achicve environmental automobite coatributory
{ep {ppb) {ppb) b} conceatration (ppb) standard {pph) concentration (55)
20- 15-9 3301 8.9 9l 12.95 [2.85 T8
20- 17-0 19.0 18.0 1.9 13.98 12,98 1.2
i9- . 18-0 18t 3.0 0.1 13.13 13.03 0.8
20- 18-0 19.8 - 13.0 La 15, 00 13. 20 2.0
20- 190 3.5 18.¢ 0.5 . 13.72 £3.22 3.6
2t- 19-0 1.0 18.0 1.9 14. 58 13.58 6.9
21- 20-0 I3.6 18.0 0.6 .13 . 13.83 1.2
20- 249 18.7 18.0 L7 14.26 13.56 4.9
£5- 22-0 18.7 13. 0 2.7 [ 8 6 7.9
20- 22-0 18.7 8.0 L7 15. 15 13.45 1.2
21-  22-0 0.3 8.0 2.3 16.07 13.77- 14.3
i5- 23-0 0.0 18.9 2.0 7.8 5. 78 5.7
19- 23-0 18. 4 18.0 0.1 12,96 12.56 3.1
0- 22-0 20.8 i8.0 2.5 15.50 13.10 1.8
2(- 23-0 23.0 [8.0 5.0 18.85 13.65 26.8
15 40 L2133 18.¢ 33 6. 89 .59 41.9
20 4:0 19.1 13.0 11 14. 00 12.90 7.9
2k- 24-0 3.3 18.0 5.3 18, 90 - 1250 25.2
22~ -0 2.9 18.0 9 19,81 [RA11 26.0
20-  25-0 iB. 6 18.9 1.6 1215 12. 55 1.6
2|~ 25-0 2.8 18.0 3.8 17.2} . 13. & 22.0
22- 25-D 3.3 3.0 5.8 19,70 13.9¢ 29.4
20- 25-9 18.4 18. 0 0.4 12.65 12.25 3.2
21- 260 0.7 3.0 2.7 16.02 13.32 i6.9
22- 26-0 24.1 18.9 6.7 20. 61 13. 9§ J2.5
13- 26-9 (8.0 8.9 0.0 £4.23 1£.23 9.0
20 2i-0 .1 E3.0 210 15.26 13. 18 13.8
22- 279 2.6 18.0 5.0 19. 4% 13.89 28.1
73- 21-9 18. ¢ 18,0 2.2 15. 07 14,17 6.9
21- 28-0 19.2 18.0 1.2 £4.51 13.34 3.3
22- 28-0 0.4 18.0 2.4 16.25. 13.95 "7

Table 4-10 NO, Emission Volume due to Car Running in Samut Prakarn Province

NOx emission
Year volume Remarks
(ton/year)

1988 7,812 ——

1992 10, 448 —_—
Before taking 15,119 -—
countermeasures - :

1999 :

After taking 1.613 Japanese 1978 restricted
countermeasures cars to be adopted
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Fig. 4-2 (1} NO, Emission Velime from Automobiles by Mesh (after taking countermeasures in 1999)

4.3 50; and NOQ, Emission Volumes after Implementation of Countermeasures for Emission Sources

Table 4-11 and Fig. 4-3 show the volumes of SO, and NO, cmitted from all areas of Samut
Prakarn Province after implementation of countermeasures for emission sources, Since the coun-
termeasure for emission sources relating to SO; is the K-value control method which is making
stacks highcr, SO, cmission volume is the same as that (33,855 tons/ycar) when no source coun-
termeasurc is taken, On the other hand, NO, emission volume rcaches 24,839 toﬂs/fear due to
adoption of NO, controlled cars, accounting for a reduction of 7,446 tons/year compared with NO,

cmission volume 32,285 tans/year when no countermcasure for emission sources is taken.

v
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Yable 4-11 Ewission Volumes of SO, and NOy from Sources in Samut Prakarn Province (apon implementation of source
countermeasures)

SO,

NO,

Nane of Tﬂf>0 _ $ 0 eaission volume (ton/year)
e of source of
' 83
source 1988 1992 (52/%8) b%- ore(gﬁ). %%r(gﬁnt).
Questionmaire | point 13649 16265 (1.19) 21708 (1.59)
_ return '
Statiomary | Questionnaire | area 46811 5580 (.19} 7443 (L.59)
nothing
SOIEES M ndustrial L area — 28 (—) 28 (—)
esiate : : ]
Sub tolal 18330] 22147 (1.21) | 208442 (1.61)
foad way line 1474 1829 (1.24) | - 2261 (1.53) same
Vessels point 1263] 1505 (1.19) | 2007 (1.59) as left
Vesssel {sailing) .
s
e Ferryboats, | point 8 11 (1.38) 17 (2.16)
and {anchoring) _ : ‘ .
Ferryboats | Ferryboa point 59 82 (1.88} 128 (2.10)
(sailing
Sub total 1330 1598 (1.20) 21652 (1.62)
TOTAL 211341 25514 (1.2 33855 (1.60)
: Ty]ige NOx erission volume (fon/year)
Nage of source cource | 1908 | 1992 (92/88) | 1999 (90/B8) | 1999 (90/88)
before count. | after count.
Questionnaire | poini 8108 9665 (1.19) 12892 (1.59) | 12892 (1.59)
: retum
Stalionary | Questionnaire | area T2 B48 (1.19 1132 €1.89) | 1132 {1.59)
s nothing ~
SO | Industrial atea — B(—)| B(—)| B()
estate :
Sub fotal ga20| 10941 (1.20) 14052 (1.59) | 14052 (1.59)
Road way line 1812 10448 (L3¢1) 15119 (1.94) | 7673 (0.98)
Vessels point 1623 9% (1.19) 9581 (1.59) | 2581 (1.59)
” I (sailing) _—
S erryboats. | point %| % 0.3| 5218 51 @16
and | (anchoring) _ - B
Ferryboats Fer'rYl}oats point 221 304 (1.39) 476 (2.16) | 476 (2.16)
. (sailing} :
Sub total 1870 2215 (1.22) 314 (1.67) | 3114 {1.67)
18R] 23284 (1.76) 32285 (1.74) | 24839 (1.34)

TOTAL
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4.4 Ambient SO; and NO, Concentrations after Implementation of Countermeasures for Emission

Sources

Forceast was made of SO, ambient concentration when K-valiuc control would be instituted for
factories in 1999. Another forecast was made of NO, ambient concentration when cars cquivalent

to 1978 NO, emission controlled cars of Japan would be introduced in Thailand in the same year.

4.4.1 Comparisons between Ambient Pollutant Concentrations and Environmental Standard Values
of All Areas

Fig. 4-4, 4-5 and Tables 4-12, 4-13 show the results of calculation of the yearly average
ambient éonccntrations of SO, NO,c and NO, in all arcas of Samut Prakarn Province. Also, Table
4-14 shows the number of meshes by concentration rank. Some arcas will excecd NQ, environmen-
tal standard in 1999 when Thailand advances the economic and social development that it has
planned without taking any countermeasure for emission sources, but it can be seen that adoption
of NO, emission controfled cars will prevent any points from exceeding the environmental stand-
ards. In addition, while SO, concentration will in no way exceed the environmental standards in
future, it is understood that implementation of K-value control for factories in 1999 will lead to

further improvement of environment.

ragl: grh)

~
e
S
1
-
/s
e
e
S

. !
Fig. 4-4 Ambient SO, Concentration in Samut Prakarn Province after Implementaiion of K-value Control in 1999

Table 4-12 Yearly Average Concentration of SO; in Samut Prakarn Province after Implementation of K-valug Confrol in
1999 (Unit: 0.1 pph) :
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NO’i ) . . . & ! : ~ {unityeed )

Fig. 4-5 Ambient Concentration of Nitrogen Oxides after Adoption of NO, Emission Controlled Cars in 1999

Table 4-14 Number of Meshes by Rantking of Concentrations of Air Pollutants (When countermeasres are implemented)

. (50:) (NO: ) {(NO'x)
Rank of | Maber of mesh Rank of . | Number of mesh Rank of Number of mesh
cocentra- - cocentra- cocentra- . :
tion (ppb) | 1988 | 1992} 1998 | tion t(ppb) 1983 1992 | 1989 | tion [ppb) | 168 19921

0.0~ 5.0 ool a5) | 0.0~5.0] 674| 476 300} ] 0.0~ 5.0 277| 223

an
5.0~10.01 28] 14| 180 5.0~ 7.5| 305] 429 437{ | 5.0~10.0| 6767 643
28

50

169

514

10.0~15.0 a2 61l | 7.5~10.c| 19| 104 190} | 10.0~15.0{ 116| 11| 228
s.o~20] 20| 16| 24] [wo~125] st w3 e [iB.o~w0] W R &
WO~%.0] 5| 14| 18] ]125~165.0] 7| 4| 55| |2.0~%.0] 9| 51| e8]
wo~:0| of 4| 13| [so~s| o] w0} e|[smo~w0l 2| 1| @
no0~5.01 o] ol ellus~wol o 1| =] [20-%0] of 1] B
B.0~40.0] 0] o 1f|xo~25] of of 7[IB.0o~0.0f 0| 1| 6
TOTAL | 1159|1150 | 1159 ] |22.6~%.0] 0| 0| 6] [4.0~50[ of o| o
TOTAL | 1158} 1159} 1159 145.0~50.0f 0] 0] 1

50.0~55.0( of o] 1

TTOTAL | 1159 1159 | 1159
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4,4.2 Contribution Rate and Contributory Concentration by Emission Source

Table 4-15 and 4-16 show the contributory concentrations and con’tribﬁtion rates by emission
source for the tbp 8 points of the highest concentration of SO, and NOz.(a'l'l below cnvironmental
control standard value) after implementation of countcrmeamﬁrc‘; As compared with contributory
concentrations by emission source (Table 3-5) whea no countermeaure is i'lkCll the contributory
concentration of SO, of sources at factory point source is lower due to K-value control for facto-
ries. Looking at NO, contributory concentration, it can be séen that adoption of NO, emission
controlled cars induces a reduction in the contributory concentration of cars and that the contribu-

tory concentration of factory points source is also reduced as factory stacks arc made higher.

Table 4-15 Cunlributolfy Concentrations by Emission Sources at 80, High Concentration Points after [mplenentation of
K.-value Control

{fank 7 10115200 . { Rank 2 M =112} : { Rand 5 I1¥=15.22) { Rk 6 B84

Type of source . Gon?e R:l[.e Tpe af sousce l‘ag%e. Rgie' bypa of source - Cuorie. Rg}e h'pe oi source G o L. i‘g &
. E. B it . SEﬂ] [ e F l 5la. | L.
i el B A K ST 4 o PR R e T} o N SRR NN "‘G Ro. | ma: | et | Bl
. . 1 : K
Fac- % Fac- g Fac- X . Fac- |} X ¥
tory tory % tory % . . tory . . .
{ : 1 5 X [po- I * . . fs?— X .
i i lﬁ ; | D 5 1 % | L g st 1] !Z 9 1 il il ti
i k . ks . .
e R T T v |48 B3] [ eart |
. . Faclory (srea saupee) . , Aary {; ) . .
:E{ory({.ﬁ"glﬁ:{c:shle) 2. gtggéfmlﬁ:rghle) A 2 A ':g ogyglrxislrhl eslale) | 0 ? :igﬁmlﬁg{c&hm @ .
femels | if- Fessels (sailf : X erse % (33 X [TE s (s “"Ec A X
. yhoa i 1 . Ferryboate 5 ernboals fang X X
E{:Bﬁ st "g ) t - éc:gg?;lfﬁ ?ﬁm’d‘} g: :g tr Ls llin.ggaJ : g hcr{)tmb SN :gg -
TOTAL 3L80 | 100.0 "TOTAL 0.2%5] 160.0 : TOTAL .55 10,0 TOTAL 29.31 | 100.0
{ Rank 3 IXN= 15.24) ( Rark & INIY=16,23) (Rank 7 EXIY2E5,20) - - - . { Rank 8 IX,07:15,24)
EEE g | g o R T e e
S R % | el | T S G st | ‘?’wé) W) ] P | AR Ko
) LIRS ) : 3 & 4 } AR
1 i 3 _ . k' o3l
= 3 ' - X Fac- X E - ¥ :
5 2l 1 fes] & IR IR R é T
fi : % 3 H il g 2 1|k anl b5 ' =
i) | 4 . . H - 0 L . R i .0. K 10 0. .
T Remajoing slacks i R & ..
Pl || R P lﬁ 1k =i || 79 felitants AL B8
fiﬁg‘igcfmﬁﬁl' estate) W F“‘°§(;‘§§°§:§?§’| 2 y “l"”(.‘}’.&"ét?ﬁ’ Huate) f: 8 :g;g)(mmmm FT R
233 . 8 . K g 3
Vessels {s2iling) 5 1. Yrsscls 53 VSSE!ISB L . Y8 Yessels {s3 3 1%
Gl M 0 | ERat it ERte | EEie i
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PART VII SPECIFIC REMEDIES FOR EMISSION SOURCES, COST ESTIMATION, AND
ANALYSIS OF ECONOMIC IMPACTS






1. Ontline

In view of the considerations in the preceding Part VI, if emission controls for {actorics are to
be adopted in the future, then we feel that the K-value controls are appropriate and we came to the
conclusion that the most practical method would be to increase the height of stacks. Moreover, it
was found that the appropriate value of K is 13 and that the stacks, for which countermeasures are
really required, are 49 units in number. Thus, this Part VII will hereafter discuss the roughly
estimated expenses required to implement the countermeasures, and the impact of such investment
on the economy of the Samut Prakarn regions or Thailand as a whole. Also described are overview
of remedial other 6pti0ns for controlling SO, emission than making stacks taller besides the general

picture of reduction techniques for NO, and particulate matters are also described.

2. Practice of Making Stacks Taller and Their Investment Cost
2.1 Determinants of the Stack Structure

If K=13, the number of stacks to be made taller is 49 as attested by Table 4-4 of Part VI.
Though these facilities are called stacks, there are some which are simply emission outlets or which,
if actual stacks, do not sufficiently contribute to the diffusion of pollutants because of an umbrella
placed on top. As a consequence, it is not necessarily realistic to make stacks taller. Generally, the
factors for determination of a stack structure include the items specified below, which should be

fully examined in light of laws and regulations or the functions of a stack.

2.1.1 Meteorological and Site Conditions

It is necessary to grasp the current and future conditions of the site surrounding stacks and‘
examine such meteorological conditions as wind direction and wind velocity, as well as gcographic-
al features. it is further necessary to study the stack heights (0§er 2.5 times those of adjacent
buildings) and the discharge velocity at stack mouths (over twice the wind velocity) in order to

avoid adverse effects on adjacent buildings, such as downwash or downdraft.
2.1.2 Pressure Loss and Effective Draft

After considering the combustion conditions of a boiler, the capacity of a blower and pressure
loss of a path to a stack, the effective draft of combustion (effective draft power) is set to deter-

mine the structure of a stack.
The effective draft power of a stack is calculated as follows:

CH, = Hy=Progag orevesseeeeeeeeseees e e (2-1)
Ho == N(0a705) +eeeeee oot (2-2)



Protat = Pt PubPr e (2-3)

g)(V2 _ ' :
P = C| G ........ ie bt s eear AT aas - TR T L L R ( 2—4)
Pb: ég 2XG ........................................... S (2“5) ’
h )<:V2 |
P, = AX B.anzng TR ST et (2:6)

where; S

H, : Effective draft of a stack (m) -
H, . Theoretical draft of a stack (m)
h : Stack height (m)

0. : Specific weight of air (kg/m”)
0, : Specific weight of emission gas (kg/m?)
P Totat pressure loss

P, : Extrusion loss

P, : Curve loss

P; : Friction loss

&y, Lz, A Loss factor

V : Flow rate of emission gas (m/s)
G : Acceleration of gravity (m/s?)

D : Internal diameter of stack (m})
2.1.3 Establishment of Actual Stack Height

With effective stack height calculated, the actual stack height is established. Effective stack
height can be calculated based on an emission standard (K value). That is to say, in Samut Prakarn
province, the adoption of K=13 leads to the calculation of the effective stack height (He) based on
the following equation (2-7):

' He = (qx 10Y/K)1? :
= BITIV oo e e, e (27)
where;

q: Emission volume of SO, (Nm*/h)
2.2 Prerequisites for Study of Making Stacks Taller
2.2.1 Stack Structures

Roughly divided, there arc the following 4 types of structures in building stacks. (See Fig. 2-1.)
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(1) Self standing
This is suitable for small-size stacks. However, it is necessary to take into consideration

vibration caused by Karman §0rtex, and this type is unfavorable when the radius of a stack
is small. Iﬁ addition, thermal insulation is required according to emission gas conditions.
@ Supported by RC shell

This is sﬁitablc for medium- and large-size stacks. Adiabatic insulation is required if the
temperature of emission gas is high.

(3 Supported by steel shell
This is suitable for medium- and large-size stacks. Although no thermal insulation is neces-
sary regardless of 't:he emission gas conditions, coating of the outer shell is required (once
every 5 to 10 years).

@ Supported by steel structure
This is suitable for medium- and large-size stacks. Thermal insulation is required according

| to emission gas conditions, coupled with coating of the steel structure (oncc cvery 5 to [0

years).

Self standing Supported by RC shell Supported by steel shell Supported by steel structure

1] TF B T i I‘f
i .,J | ><1
) LXQ

i Eas
L= B

J = |l |1

/

Fig. 2-1 Structures of Stacks

Since the stacks targeted in this study, as shown in Table 2-1, are in the range of 3 m to 38 m in
stack height after the stacks are made taller, their structures should be decided after taking the
conditions of individual cases into account. The individual conditions,' however, are unknown for
the present. We, therefore, decided to apply thé“‘s_up’ported by steel shell” type to the most stacks,
. to ‘ Factory number—Stack

but ‘t'he “self standing” type to the stacks listed in “2-24-2 (County code
number)” because its height is only 3 m after it is made tallcr.
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Table 2-1 Stack Height Requived to Fullill K=13

. Present “Gas Normal Nggnul New Stack Dia. (m) New stack
g . : . - g : . § Pl . - w stack
SEQ County | Fuctory | Stack stz_lck letllper- exhaust gas cmissizml lnt;,rnal incnml {l:wigh_t
code | No. No. height (.. ature volume | volume |- Sus- Cs 1, {m)
Hom) | TCK) | Q@Ys) | YUl ok n
_ q {Nm'/h} Tube-. Stack
1) 3 75 | 5 TE 26.092 31.697 (155 22135 | 30
2) 3 34 3 5 350 . 2.935 5.610 (.55 F2/1.0 178
3) 2 23 4 5 350 2.697 3.281 053 | L2112 12.5
4) 1 068 2 20 462 6.712 | 28.970 0.96 L6340 370
5) 3 23 5 5 KKX] 4.349 2.633 .65 1.3/1.3 1.0
6) 3 24 1 7 462 0.330 1.812 0.22 0.91.0 10.5
7 2 24 2 2 437, 0.157 0.186 0.4 — 3.0
8) 3 96 I 5 350 5.849° 4.548 0.78 14/1.4 13:0
) R 33 2 6 437 0.007 0971 0.03. 0.7/0.8 8.5
13)] L 39 1 15 462 2.940 18.078 0.63 1.372.9 ]
1) 2 19 2 6 523 (.519 2.019 0.28 0.9/1.0 10.5
12) 3 97 { 5 318 0.125 | 0.652 011 0.8/0.8 6.5
13) | 08 | 15 462 1.860 §8.047 (.50 1.2/1.9 C210
14} 1 GO | 10 453 1.570 6,206, 0.46 . 1.1/1.7 (18,3
15) 3 " 59 2 1} 443 1.852 6.647 0.49 LT 19.0
16} 3 (IR 2 22 - - 496 6.119 24.545 0.95 1.6/3.0 33.0
17) 1 56 2 o 448 1.482 2.703 0.44 LULL 10
18) 3 14 1 20 483 4.587 16.464 0.81 1.5/2.5 275
9 3 14 2 20 - 4383 4.587 16.464 0.81 1.5/2.5 27.5
20 3 109~ 2 12 462 0.926 4.858 (.36 1.0/1.6 17.0
21) 3 90 1 10 462 0.932 3.049 0.36 1Ok 14.5
22) 1 70 3 0 437 1.639 2.567 0.46 1.1/1.1 10.5
23) | 35 2 15 483 1.305 © 5.895 0.43 L7 18.0
24) 3 54 l G 448 1.864 9.730 0.50 1222 1 235
25) | 35 | 15 483 1.305 5.857 0.43 1L.171.7 18.0
26) 3 16 4 15 473 1.813 9.512 0.50 1.2/2.1 (23,0
27 3 102 1 13 462 .2.319 9.008 0.56 12120 215
28) 1 68 3 20 462 2.237 -9.657 0.55 1.272.1 225
29) 1 66 2 14 453 . 2223 8.796 0.54 1.2/2.0 215
3 3 16 3 I5 473 1.449 7.608 0.45 1.1/1.9 20.5
3l 3 47 3 12 498 2.025 7.922 0.55 1.211.9 20.0
32 - i 2 1 12 473 1778 6.381 0.50 121179 8.0
33) 3 104 | 15 462 1,237 6478 - .41 I.1/1.8 19.5
34y 1 64 1 i 462 0.667 2.609 0.30 Lo 12.0
35) 1 0 2 18 573 5.406 16.113 0.96 1.6/2.2 23.5
36) 3 5 2 24 523 9.631 27.299 122 1.972.7 295
n 3 1) i 15 473 1.086 © 5092 0.39 1.0/1.7 18.0 ..
38) 3 16 2 15 473 1.086 5.692 0.39 1.0/1.7 18.0
K2)) I i t I8 573 4317 12.890 0.85 S L5120 21.5
4()) 3 54 2 I8 473 1.864 9.730 0.51 1.2/2.1 23.0
41) 3 St 3 18 473 1.864 9730 0.51 1.2/2.1 23.0
42) 3 Ty 2 10 462 0.556 1.994 0.28 GO0 1 105
43) 2 5 6 0 462 0.608 2.226 0.29 0.9/1.1 L5 .
44} 3 28 i 10 - 462 0.445 1.979 0.25 0.9/1.0 1.0
45) l 55 L 30 33 4.230 22098 0.70 1.3/3.3 35.5
406} i 55 2 30 393 4.230 22008 - 070 1.3/3.3 35.5
47) 3 14 3 20 483 2.293 8.232 0.57 1.2/19 20.0
48) [ 64 2 6 462 0.196 0.622 0.16 0.8/0.8 6.0
44 3 pa] 2 7 333 1.141 {1.886 0.33 1.0/1.0 7.0

2.2.2 Materials of Stacks

Since the facilities targeted for Higller stacks in the present study, though naturally, emit SO, in
high concentrations, the stacks material must be stainless steel. There is commonly a correl'ltlon
between the sulfuric acid dew’ point and the emlssmn gas temperature as shown in Flg 2-2. in the

case that SO, concentration is high and the gas tempelatme is below 200°C as in this study, it tends
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to feliow sulfuric acid dew point, Conscquently, it is important that the stacks with a temperature
lower than 200°C are designed so that the decline of emission gas temperature should be minimized

by providing 50 mm of rock wool as adiabatic material between the internal and exiernal shells.

i T TTreTY T T TTTITIT
Convenion Iomula of dew puiat ]
160 e Mo ta 4
where: & dew paint (°C) LA
x2 sulfurivzeid in gas (5035 1 LT LATH
#1 comtant determingd by meistere cuncenustion in gas
150 a=21] whew muisdure s 157,
s 19 when meauee is 0% 74| L
o~ w18 when moistute i 577, l/,
£ e e i S |
£ et 14 )
S L
= 14911
2 e - el
=1 H - »
2d 'L/,// va’
|41 /'_/ e
12¢ r Z S a I
. /;;11:/ -
1o Py e /
A s s T e
/ 11
100
0.1 w (157

S0y copcvalration

Fig. 2-2 Correlation between 50; Concentration and Dew Point

2.2.3 Stack Height and Diameter

" When the stack diameter is dcte'rmined, pressure loss and effective draft are the main factors.
If they are unkaown, however, it is empiric}_ﬂly considered economical to arrange the flow rate at
the stack outlet to be 10 to 20 m/s. In this study, therefore, the stack height has been calculated
bascd on the factors that the stack flow rate is 15 m/s and the K value is 13. The fractions in
calculation were romlded:up to the unit of 0.5 m. The height set for each stack is shown in Table

2-1.
2.3 Expenses for Making Stacks Taller

The expenses to be incurred for making stacks taller has been calculated based on the prere-
quisites in Section 2.2 as shown in Table 2_-2. While the expenses include the costs for the material,
assembly, and thermal inéulationlcqatiﬂg of stacks, the costs for foundation work are not included
because of unknown geological features. As shown in Fig. 2-3, in addition, the stacks will be all
replaced with new ones, with no attention paid to the presence of location space for remodeling of
the existing stacks and installation of new ones. According to Table 2-2, in the case that 49 stacks
are renewed to be made taller, it will cost approximately 115 million baht, proving that simply
making stacks taller will unavoidably require a large amount of investment. Although no operating
cost is necessary, furthermore, coating of the outer shell will be required to be done once every 5

to 10 years.
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Table 2-2 Expenses for Making Stacks Taller

Gas Norinal Normat 80, New Stack
SEO County |Factory | Stack | temper- | exhaust gos cmission — : ; Cost,
- code MNo. | No. ature volume volume Dia Height | {x1{" Bahts)
T (°K) Q (m/S) q (Nm¥/h) (m) H, (m)
1 3 75 1 313 26.092 31.697 1.55 38.0 8,100
2 3 34 3 350 2.935 5.610 0.55 17.0 2,000
3 2 23 4 350 2.697. 3281 0.53 12.5 1,400
4) 1 68 2 462 6.712 28.970 0.96° 37.0 6,156
5) 3 23 5 333 4.349 2.633 0.65 10.0 1,300
6) 3 24 1 462 0350 - 1.812 022 10.5 900
7 2 24 2 437 0.157 0.186 0.14 3.0 85
8) 3 96 1 350 5.849 4.548 0.78 13.0 2,050
9) 3 33 2 437 0.007 0.971 0.03 8.5 450
10} I 39 1 462 2.940. . 18.078 0.63 315 3,700
1)) 2 19 2 523 0519 | 2.019 0.28 10.5 1,050
12) 3 97 1 318 (.125. 0.652 0.1 6.5 450
13) 1 68 1 462 1.860 8.047 . 0.50 . 210 " 2,300
14) 1 66 1 453 1.570 6.206 (.46 18.5 JL700
15) 3 59 2 443 1.852 6.647 0.49 - 19.0 1,950
16) 3 1§l 2 496 6.119 24.545 - 0.95 33.0 5,600
17) 1 56 2 448 1.482 2.703 0.44 11.0 1,200
18) 3 t4 i 483 4.587 16.464 0.81 21.5 4,250
19) 3 -4 2 483 4,587 16.464 0.81 27.5 4,250
20% 3 109 2 462 0.926 4.858 036 17.0 1,550
21) 3 90 l 462 0.932 3.649 .36 14.5 2,400
22) 1 70 "3 437 1.639 2.567 0.46 10.5 1,300
23) ] 1 35 2 483 1.305 5.805 0.43 18.0 1,650
24) 3 54 1 448 1.864 9.730 0.50 23.5 2,400
25) { 35 1 453 1.305 5.857 0.43 ©18.0 1,650
26) 3 16 4 473 1.813 9.512 0.50 23.0 2,350
27) 3 102 1 462 2319 9.008 0.56 21.5 2,300
28) H 68 3 462 2.237 0.657 0.55 225 2,300
29) i 66 2 453 2.223 8.796 0.54 215 - 2,300
30 3 16 3 473 '1.449 7.608 0.45 20.5 2,150
3N 3 47 3 498 2.025 7922 0.55 20.0. 2,150
32) i 2 1 473 1.778 6.381 0.50 18.6 1,760
X)) 3 109 1 462 1.237 6.478 0.41 19.5 1,900
4y i 64 1 462 0.667 2.609 ©0.30: 12.0 1,100
35) { 0 2 573 5.400 16.113 096 23.5 4,400
i6) 3 5 2 523 9.631 27.299 1.22 "29.5 7,100
KY) 3. 16 1 473 1.086 5.692 0.39 18.0 1,650
13) 3 16 2 473 1.086 5.692 0.39 18.0 1,650
39 { 70 1 513 4.317 12.890 -0.85 21.5 . 4,000
403 3| 54 2 473 1.864 9.730 . 0.51 23.0 2,600
410 3 54 3 473 1.864 9.730 .5t 23.0 2,600
42) 3 o 2 462 0.556 1.994 0.28 10.5 950
43) 2 N 6 462 0.603 2.226 .29 1.5 1,000
44) 3 i 1 462 0.443 1.979 0.25 IL0 950
43) 1 S5 i 393 4.230 22.008 -0.70 35.5 3,900
46) { 55 2 393 4.230 22.098 0.70 35.5 o 3,900
47) 3 14 3 483 2.293 3.232 0.57 20.0 © 2,150
48) 1 6d 2 462 0.196 0.622 0.16 6.0 100
49) 3 95 2 333 111 0.386 0.33 7.0 200
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3. Improvement of SO, Emission Sources Other than Making Stacks Taller

" In the case that remedies at emission sources are worked out with K value regulation as a
prerequisite, a possible way other than making stacks taller is to reduce the cmiSsion volume of
SO,, having the following three specific methods: (1) fuel oil desulfurization to reduce the sulfur
content of fuel to be used; (@) conversion of fuel to a low sulfure type; and (3) flue gas desulfuriza-
tion to remove SO, in emission gas generated. With reference to the said three mcthods, the

outline of the systems will be hereunder describc.d, coupled'with roughty estimated costs when they
are applicd. '

3.1 Desulfurization of Fuel Oil (Heavy Qil)

The technics for fuel oil desulfurization include the use of microo.r'ganism., irradiation of
radioactivity, metal oxides, and catalytic hydrodesulfurization. For the prese.nt, however, hydro-
desulfurization alone can be performed technically and economically. Currently, hydrodesulfuriza-
tion of fuel oil being industrially put into practice can be roughly divided into three methiods, direct
desulfurization, indirect desulfurization, and a modified indirect desulfurization combining both.

Fig. 3-1 to 3-3 show the system diagrams of these methods.

Crude oil

Sulfur 2.5%

Atmospheric residue

~ Topper (atmospheric distiller)

T —— Desulfurized oil
Sulfur 3.8% Sulfur 1.0%

Fig. 3-1 Direct Desulfurization

Crude oil 2 . _
& =] Vacuum gas oil : Desulfurized oil
Sulfur2.5% | & L2 — Desulfurizer

[ IR Sulfur 2.8% Sulfur 0.2%
Z & (Sulfur 2.2%)

IAtmospheric E E Desulfurized oil mixture

residue E g
93
>z

Sulfur 3.8%

Vacuum residue

Sulfur 5.3%

Fig. 3-2 Indirect Desulfurization
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N = . .
Crude oil a Vacuum gas oil Desulfurized oil
h -l & 5 Desulfurizer
&= E
2
Atmospheric § Dcsulfqrizcd oil mixture
residue g i —
™ = Deasphalted residue
Vacuum :
residue Solvent deasphalting _

process Asphiﬁr

Fig. 3-3 Modified lndireét Desulfurization
3.1.1 Direct Desulfurization

1n this method, the still residue (atmospheric residue) of an atmospheric distiller s introduced
into a desulfurizer as it is and is then hydrodesulfurized under high temperature, high pressure, and
the presence of a catalyst, reportedly enabling about 75% to be desulfurized. This method can be
roughly divided into two types, namely, fixed bed and fluidized bed, depending on whether the
catalyst to be used is fixed or fluidized inside the reactor. In both types reaction takes place at a
reaction temperature of 350°C to 450°C, a reaction pressure of 50 kg/cm? to 200 kg/cm?, and a
‘liquid hourly space velocity (LHSV) of around 1.0. Generally the fluidized bed type is favorable
for fuel oil containing an abundant asphaltene content and metallic components such as vanadium.
As seen in Table 3-1, however, this type is not too desirable when there is great demand for fuel oil

because produced oil becomes lighter compared with the fixed bed.

‘Table 3-1 Typical Products Yield and Property of Fhridized Bed and Fixed Bed
{Quwait atmospheric residue; Sulfur 3.8 wi%)

_ Fluidized bed | fixed bed
Products yicld (Vol9s)

Gas, LPG 1.5 (Wt%) 0.4 (W1%)

Naphtha 43 1.2

Middle fraction 17.6 10.0

Residue 79.5 (5=1.0 Wi%) 905 (S=1.0 Wi%)
Hydrogen consumption (Nm*/k¢) | 113 123

3.1.2 Indirect Desulfurizaﬁon

By this method atmospheric residue is once vacuum distitled to be separated between vacuum
gas oil containing small amounts of catalyst poisoned substances (for example, asphalten content,
and organic metatlic ébmpounds such as vanadium and nickel) and vacuum residue in the form of
their concentration. Thén,' vacuum residue is mixed with desulfurized oil obtained as a result of
hydrodesulfurizing only the vacuum gas oil which is eésily desulfurized, resulting in the production
of a low sulfur oil. As a consequence, the rate of desulfurization is as high as 90% to 95% in light
of vacuum gas oil, whereas the said rate is about 40% to 45% in light of atmospheric residue.
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3.1.3 Modified Indirect Desulfurization

While modified. indirect desulfurization is an intermediate method between direct and indirect
desulfurization, it can be said to belong to indirect desulfurization in that it Separhtcs asphalt con-
tent. As shown in Fig. 3-3, this method is the same as indirect desulfurization up till the process of
vacuum distilling atmospheric residue to separate vacuum gas oil from vacuum residue. In accord-
ance with this method, however, vacuum residue is further treated with propane or the other
solvent to be separated between soluble and insoluble contents. This soluble content (dcqsphqitc.d
oil) is desulfurized togcthcr with vacuum gas oil and is mixed with the insoluble content (deas-
phalted residue}, thus resuiting in the production of final desulfurized oil. The application of this
method enables desullurization to the extent that the final sulfur content will become about 1.5%

(about 60% in terms of the desulfurization rate).
3.1.4 Fuel Oil Desulfurization as a Improvement of Emission Sources

When [uel oil is desulfurized as a improvement of emission sources, it is necessary to solve the

problems spéci_fied' below.

¢)) Un:flcatlon of fuels in use

As shown in Table 3- 2, the fuels bemg used at the target facilities include A grade [uel oil, B
grade fuel oil, C grade fucl oif, and light oil, as well as coal, and their sulfur contents are in the
range from 1.2% to 3.5%. It is thercfore necessary to unily fuels used by various firms into a fuel

of the same kind.

(2) Whether necessary to modify facilities with fuel conversion

A question raised in the above (1) unification of fuels in usc is whether fuel conversion can be
attained without structural modification. Particularly in the case that general coal is used in the
factories listed in the “1-39-1 (County Code-Factory No.-Stack No.),” it is thought that substantial

modification of facilitics will be required.

(3) Determination of desulfurization capacity

As understandable from the emission volume of SO, by stack requircd to tulfill K=13 shown in
Table 3-3, about 50% reduction is necessary even if $=1.2% in the case of the factories listed in the
“2-24-2.7 Accordingly, the specification of the fucl to be umfled must be less thdl‘l $=0.6%. For
other f’lC]]ltleS however, desulfurization to the extent that $=0.6% is not necessary because other-
wise it would result in facilitics wnth over- cap’tcny When desulfurization Capauty (espccmlly for
the sulfur content of a product) is determmed consequently, it will be necessary to find an opti-.
mum point, in which case for some fauhties dcsulfuuz'ltlon should be performed wncurrentiy

with other countermeasures for C[TllSSlOﬂ SOUrces.
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(4) Determination of processing volume
About 3500 barrels/day is the processing volume of fuel oil at the factories _(sliown in Table 3-2)
which require countermeasures-for reduction of SO,. If this volume is f’c‘gardéd as the processing
capacity, however, the fuel oil desulfurization facilities for 3500 barrels'f’day are to serve only these
49 facilities, leading to the necessity of solving the problem of locations, construction funds, or
processing cost. | _
Since there are, as described above, many difficulties 1o be solved in the case of fuel oil desul-

furization, this countermeasure may not be realistic for the present.
3.1.5 Expenses for Fuel Qil Desulfurization

The estimation of expenses roughly calculated, for reference in comparison with other coun-
termeasures, amounts to about 880 million baht. The'prerequisitcs'for‘_this case are as specified.
below. The construction cost is for one set excluding that for foundation work. It was decided,
however, that all requirements except for local construction would be supplied from Japan,

(1) Properties of {uel oil '

5=3.0%
SG=0.95
Caloric value=10300 Kceal/kg
(@ Sulfur content after desulfurization
$=0.6 (desulfu.riz'ation rate: 80%)

@ Desulfurization method :

Direct desulfurization (to manage a high rate of desulfurization)

() Prbcessing volume -

3500 barrels/day

3.2 Fuel Conversion

Most of the target facilities are using fuel oil. When the fuel is changed over to another type by
fuel conversion, possible candidates will be natural gas, LPG and lignite. Based on discussion with

ONEB, however, fuel conversion to natural gas is hercunder reviewed.

3.2.1 Properties of Natural Gas

Among naturally occurring gases, those combustible gases containing hydrocarbon as the major
ingredient are commonly called natural gas, including oil field gas, gas ficld gas, and coal field gas,
and are classified into oil soluble type, water sblublt_; type, and free type depending upon the
conditions of the gas layer forming a dcposit. As shown in Table 3-4, in addition, the .prop.crties of

gas lead to the major classification of dry gas and wet gas. The former is defined as a gas whose
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combustible content is almost composed of CH,, while the latter is defined as a gas which contains

a considerable volume of C;Hg heavier other than CH, and C,Hg. The caloric values are about
9000 to 9300 Kcal/Nm* and 10400 to 12200 Kcal/Nm?, respectively.

. Tabte 3-4 Properties of Natural Gas

Ingredient (in %) High catoric value
B | CoHlagso
CO, 0. CcOo 1, C, G C, C, Na S Keal/Nm®
Dry | 34 | Ol — — w6 | — — — | 19 — 9000
Wet | 07 | — — — | 754 | 136 | 75 | 28 | — — 2200

3.2.2 Characieristics of Gas Combustion

As compared with the combustion of fucl oil, gas combustion has the following characteristics:

ORORC)

® ®@® ® ©

Adjistment of combustion can be performed promptly and élccurately and is suited for
automatic control. ' '

Flame is stable regardless of the condition of the combustion chamber, yielding a high
combustion efficiency.

It reduces cxcess air, facilitating the adjustment of atmosphere inside the furnace.
Concomitant use of many smali-size burners makes it casy to freely adjust temperature
distribution inside the furnace in terms of space or timing.

There are no harmful effects of ash and carbon accumulation on combustion chamber,
burner, heated matter, and flue. . '

Fac.ilit'y cost including piping work is high.

Radiant heat is small, with a low témperature of combustion chamber.

It is in danger of causing sanitary harm and explosion due to the CO content of gas or CO

produced by incomplete combustion.

3.2.3 Fue! Conversion as 2 Improvement of Emission Sources (Natural Gas)

In the case that fuel conversion to patural gas is performed as a improvement of emission

| Soﬁrces, the following problems should be solved:

(1) Change in the capacity of combustion facilities accompanied by fuel conversion

Because of the small radiant heat of natural gas in comparison with fuet oil combustion as

described in'the item (@ of the preceding paragraph 3.2.2, especially the case of a steam boiler

entails a possibilitjf that there may be a decline in evaporation ability to meet the same input

calorie. As a consequence, in the case of a factory in which the current facilities are almost in full

operation, the fuel conversion to satural gas must be examined cautiously.
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(2) Supply and storage of fucl . : .

While the supply of natural gas is generally carried out through pipelines, if there is distance
between production facilities and- the facilities in use, there are such requiremcn‘ts as the installa-
tion of a gas holder in the middle, thus incurting the facility cost as mentioned in the item &) of the
preceding p’trdgmph 2.2, It is therefore neccsq*uy to clarify in advance who will bear thlS cost,
and how. Tn regard to storage, on t]1e other hand, it may be necessary to provide storage famhtlcs

individually depending upon the situation of each user.
3.2.4 Expenses for Fuel Conversion to Natural Gas

The required expenses varies substantially, as described in the previous section, depending
upon the view of burdens stemming from the facilities including pl'oductiou facilities up.to'the gas
holder. Assummg the mOdlflC'lthIl of everything at the stcam boiler, consequently, heremn calcu-
lated was the expenses to be mcurred purely for mOdlflC'lthI] of burners and their surroundmgs
except for the facility cost of the supply side, The results are shown in ‘Table 3-5. The scope of
modification work is spcc;fled be!ow_. For reference, in addition, Fig. 3-4 to Fig. 3-6 show a
system diagram of a burner unit for fuel oil and gas and an illustration of a gas burncr unit.
Removat of existing burners
Removal of oil plpe with an existmg wind box mounted
Removal of oil spray steam pipe with an cxisting wind box mounted
Removal of existing spray fuel units
Instailation of new gas burners

Electric wiring work

SRCRCNONORORSE

Gas piping work

1754
o HLET ey — -—!i

£50¥

QR RETURN

QIL. BURKER

o SEAL POT

CHECK  VALVE TEMP SWITH

O (@
| @ ? T
E)
mer * z Jﬁ
sTeam pOEY 1 R JEUPSCU J— ____J

PILOT BURNER

DIFF, PRESSURE

CONFROL VALYE TEMP,  GUAGE

#
GLOBE ' VALVE @ PRESSURE SWHH |

AIR_IHEET

el

wEm e len| 2] 2 1S

****** O EMARGENCY | . N
SHUT OFF VALVE @ PRESSURE GUAGE
LSOV ESIV EMARGENCY G STEAH. TRAP
LHG INLET o Gf‘ ] ) IRV Fo:ALVE
s
. pust, comrpor | (D [STRAmER

Fig. 3-4 System Diagram of Fuel Oil Burners
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Table 3-5 Expenses for Fuel Conversion

Sulfur i o Fuel
County | Fuctory| Stac ) Specific Calory . - Cost
SEQ code No. No, Fuct m(s:ﬁ:"c)m ravity (Keallk) wn;:m))uon (x 10V Baius)
1 3 5 1§ AHO 2.00 0.9408 10,430 2.400 2,280
2) 3 34 3 AHO kR L9850 10,000 270 1.340
3) 2 23 4 AHO .00 0.9408 10,000 R 1,340
4) 1 63 2 CHO 3.00 0.9561 10,296 (0] 1,950
5) 3 23 .5 AHO 2,00 0.9408 10,430 20 1340
G} 3 4 1 CHO 3.50 0.9900 2,900 75 1,180
7 2 24 2 L.O 1.20 0.3680 10,950 25 1180
8) 3 96 1 AHO 1.28 0.9462 10,000 538 1,470
N 3 3 2 L.O 1.20 0.8700 10,950 1 1,180
10) 1 39 1 !coal 3.00 L1000 6,399 359 kgiH| 1470
i) 1 19 2 AHO 2.76 0.9338 10.495 1t 1,180
12 3 97 1 CHOD 2.50 0.9529 10,340 40 1130
13 L 58 | CHO 3.00 0.9561 10.296 399 1470
14) 1 66 i AHO 2.80 0.9383 14,394 37 1,400
15} 3 5% 2 CHO 2.50 0.9529 10,340 398 1470
16} 3 1l 2 CHO 2.50 0.9529 10.340 375 ]
3.50 0.99% 9,900 315 4.270
3.50 0.99%00 10,495 375
17 1 56 2 -‘AHO 1.28 1.9462 10.000 318 k00
£3) 3 14 1 CHO 2.50 0.9529 10,3H0 984 6.230
19) 3 14 2 CHO 2.50 0.9529 10,340 984 6.230
20) a L 2 CHO 3.50 0.9950 9.900 199 1.340
21) 3 20 1 CHO 2.66 0.9764 10,400 200 L340
22) 1 70 3 L.O 1.50 0.9200 10.950 266 3D
23} 1 35 2 AHOD 2.92 0.9500 10,518 280 1,340
24} 3 54 i CHO 3.50 (9900 9,500 400 L4720
23) i 35 1 AHO 292 0.9500 10.518 280 1,340
25) 3 16 - 4 CHO 3.50 0.9950 9,904 389 1470
27) 3 102 1 AHO 2.76 0.9358 10,495 498 1470
28) 1 68 3 CHO 3.00 0.9561 10,296 430 1,470
2% L 66 2 AHO 2.80 0.9283 10,3594 477 1,470
30) 3 16 3 CHO 3.50 0.9950 9.500 3Lk 1,400
1) 3 47 3 CHO 2.66 0.9764 10,400 435 1,470
32) 1 2 1 "CHO 2.50 0.952% 10,340 382 1400 -
33) 3 i» 13 CHO 3.50 0.9950 9.500 266 1,540
34) 1 6 1 CHO 2.66 0.9764 10.400 143 1340
35) i 70 2 CHO 3.50 0.9900 9,900 663 1.600
36) 3 5 2 AHO 2.00 0.9408 10,430 2,067 2,330
n 3 1] L CHO 3.50 0.9950 G900 233 1,340
38) 3 1133 2 CHO 350 0.9950 9,900 13 £.340
k1) i 70 1 CHO 3.50 0.99%00 9,900 529 j &y}
40) 3 5 2 CHO 3.50 0.9900 9,500 400 1.470
41) 3 54 3 CHO 3.50 0.9900 9.900 400 1470
42) 3 311] 2 CHO 2.50 0.9529 14,340 (1} 1,340
43) 2 5 o BHOC 2.50 0.9750 10.000 130 1,340
44) 3 28 1 AHO 3.00 0.9850 10.000 9% 1,340
45) 1 55 1 CHO 1.50 09900 10,336 908 1.790
26) ! 53 2 CHO 3.50 0.9500 10,336 908 1,750
47) 3 . 14 3 CHO 2.50 049529 10,340 492 1470 -
48} 1 23 2 AHO 2.16 0.9609 10,461 42 L.180
49) 3 A 2 CHO 2.50 0.9529 10,340 52 t.180
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Fig. 3-5 System Diagram of LNG Burners
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Fig. 3-6 Illustration of Gas Burner Unit

3.3 Flue Gas Desulfurization

" The countermeasures for stationary emission sources include flue gas desulfurization to remove
sulfur oxides from flue gas, in linc with conversion to low sutfur fuels and fuel oil desulfurization.
This method allows flue gas to contact an absorbent or adsorbent or to be oxidized with a catalyst,
and recovers or removes a sulfur oxide in the form of sulfite, sulfate or sulfurié acid. The recovered

materials include gypsum, ammonium sulfate, sodium sulfate, sodium sulfite, sulfuric acid, and

sulfur.
3.3.1 Classification of Flue gas Desulfurization

There are many kinds and classifications of flue gas desuifurization. 'This method is roughly
divided into absorption, absorption and catalytic oxidation, with thc absorption method being
further classified into wet and dry processes. By the absorption method, chemicals that react easily
with sulfite gas arc used as an-absorbent to contact flue gas, lcading to the separation of suifite gas
from flue gas to recovery in the form of liquid or solid compounds. The absorption method is

further classified as follows:
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(1) Wet process

The wet process includes a solution method in which the absorbent is dissolved in water and a
slurry method in which the absorbent is suspended in water. The solution method is classified into
such methods as caustic soda, sodium sulfitc, ammonium, and dilute sulfuric acid, depending upon
the types of absorbent. The slurry method is likewise classificd into a lime method and a magne-
sium hydroxide method. The wet process is a method in which flue gas is washed with a solution or
sturry to remove the sulfur oxide from fluc gas in the form of sodium suifitc or sodium sulfatc. This
method has been put to practical use to treat flue gas from boilers and tail gas from such facilitics
as sulfuric acid plants. At present, the wet process is most popular among the methods of flue gas
desulfurization. This. process has advantages of a high rate of desulfurizati'on and easy operation,
and can be also applicd for treatment of flue gas containing a high concentration of sulfite gas,
whereas the use of water causes a decrease in the temperature of flue gas, leading to the poor
diffusion of smoke. Consequently, some treatment has been added, for example, burning the waste

gas.

(2) Dry process

Using various oxides including alkaline earth metals, alkali metals, and manganese as the
absorbent, this method removes the sulfur oxide compounds of flue gas in the form of sodium
sulfate through solid and gas phase reaction. The adsorption method allows about 100°C flue gas to
pass through an activated carbon. In this method the adsorbed sulfite gas becomes suifate anhy-
dride through reaction with oxygen and then becomes sulfuric acid throﬁgh reaction with vapor,
thus being adsorbed. Activated carbon which has deadsorbed sulfuric acid is repeatedly used for
desulfurization. _ _ _

The catalytic oxidation is a process in which sulfite gas is catalytically oxidized with a catalyst of
vanadium pentaoxide to obtain sulfate anhydride. ‘This reaction is also used as a proccess of catalytic
sulfate production. A method which applies this reaction to remove the sulfite gas from flue gas in
the form of sulfate anhydride is called the catélytic oxidation process. The catalytic oxidation of
sulfite gas is performed at 450 °C to 470 °C.

3.3.2 Wet Absorption Process

(1) Use of lime slutry as absorbent -

CaCQ,, Ca(OH),, carbide waste, etc. are smashed to about 200 meshes or less to be used as
5% to 15% slurry, with which flue gas is washed. Sulfite gas is converted to calcium sulfite. This is
oxidized by air and recovered or removed in the form of gypsem. The rate of desulfurization varies
depending upon the:pH of the solution; the rate of desulfurization is high at a high pH, but accom-

panies concern about scaling.

(2) Use of magnesium hydroxide slurry as absorbent
Magnesium sulfite or magnesium sulfate is obtained by reaction with sulfite gas. With part of
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the absorbent extracted from the circulation system, the absorbent is regenerated by thermal de-
composition after being dried; and simultancously, the resulting concentrated sulfite gas is used as a

raw material for sulfuric acid or recovered as liquid SO,.

(3) Usc of aqueous a_lhmon'ium_ solution as absorbent

Since an aqueous ammonium solution has a h_ig"h partial pressure of ammonium, undergoing
loss accompanied by waste gas, the cdmmon practice is to be absorbed by sulfite. gas to form an
aqueous_solution of sullite ammonium. Thus, it absorbs sulfite gas and genemtes ammonium hy-
drogensulfite. With ammonium and water added to the absorbing solution which after leaving
absorption tower, Ithe:séli;l solution recirculates, but partly being fed to the recovery process. The
ways of recovery include: (@) recovering ammonium sulfate and concentrated sulfite gas by adding
sulfuric acid; @) adding ammonium to obtain ammonium sulfite and then oxidizing with prcssuri?ed
air to recover ammonium sulfate; (3) adding sulfuric acid and heating at 150°C, 5 kg/em? to recover.
sulfur and ammonium sulfate; and @) adding limestone or Ca(OH), to recover gypsum, regenerat-

ing ammonium,

(4) Use of caustic soda or sodium sulfite as absorbent

‘There are the following two methods: sulfite gas is ‘absorbed using cqustu, soda or wdmm
sulfite as the absorbing solution, and the resulting sodium hydrogeubulﬁte is (reated for recovery or
removal as sodium sulfate, sodium sulfite, and gypsum; and the above sodium hydrogensulfite is
treated to recover sulfite gas. For regeneration of the absorbing solution, there arc several avail-

able methiods such as thermal decomposition by steam or adding caustic soda.

(5) Using dilute sulfuric acid as 'lbsorbent

En this process, dilute sulfuric acid with the addition of an 0x1dat10n cthyst as au absorbing
solution is used to absorb sulfite gas and thus obtain sulfuric acid. Absorbing sulfiie gas at a packed
towcr, the absorbing solution is-oxidized by air to sulfuric acid at an oxidation tower, then circu-
lated in an absorption tower. Part of it is extracted and fed to a cr.ystallizing vessel for reaction with

limestone, followed by the recovery of gypsym.
3.3.3 Dry Absorption Process

(1) Addition of lime or dolomite in a furnace

Calcium oxide or magnesium oxide, which is produced by decomposition of limestone or dolo-
mite at a high temperature, reacts with sulfite gas and oxygen to directly produce sulfate. While
blowing the powder of limestone or dolomite, or Ca(OH)z into the combustion chamber of a boiler
apd transporting it with combustion gas, sulfite gas is fixed by the above mentioned reaction and is
then collected with a dust collector. When the gas temperature at the blowing position is about 1050
°C,. the best results can be obtained. The desulfurization rate is generally low, accounting for 20%
to 40% in the case of addition in an amount equivalent to 1 to 2 times the theoretical value against

sulfite gas. The adherence of the absorbent to the heating surface is a problem.
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(2) Use of alkali absorbent

Porous alumina retaining an alkali metal oxide, or sodium carbonate (light soda ash) is added
to about 300°C combustion fluc gas, followed by the fixation of sulfite gas as sodium sulfate. The
absorbent collected by the dust collector is reduced with about 600°C hydrogen to regenerate the
absorbent as well as recover hydrogen sulfide. There is another method in which a fused carbonate
mixture (containing lithium carbonate, sodium carbenate, and potassium carbonate) is used as an

absorberit.

(3) Usc of manganese oxide as absorbent

Highly active MnO,-nH,0 (x=1.5 to 1.8, n=0.3 to 1.0) is used as an absorbent. After the
absorbent in the form of fine grain is added to waste gas of 135"C to 150°C, sulfite gas is absorbed
while being transported by flashing, and is fixed as manganese sulfate. It is then separated from
flue gas with a dust collector. Most of the collected absorbent is recycled, part of it is extracted for
air oxidation under the presence of _aqueo.us ammonium, thus resuiting in the recovery of ammo-

nium sulfate as well as the regeneration of the absorbent.
3.3.4 Adsorption Process

In the activated carbon process using activated carbon as an adsorbent, a fixed bcd, moving bed
and fluidized bed are used to attain the contact between flue gas and activated carbon. Activated
carbon is regenerated and repeatedly used, and the rc.gener'ation methods include wash deadsorp-
tion, thermal deadsorption, and steam deadsorption. Sulfite gas, being adsorbed by activated car-
bon, is recovered as concentrated sulfite gas, sulfuric acid, or gypsum. There arc several units of
packed tower with activated carbon, which repeat adsorbing, washing, and drying by valve switch-
ing. After dust is removed, flue gaé passes through a tower for the drying cycle at 130°C to 145°C,
drying the washed activated carbon. This allows gas with a lowered temperature to be mixed with
the original gas and then fed to the tower for the adsorption cycle at about 100°C for desulfuriza-
tion. Dilute sulfuric acid is obtained from the tower for the washing cycle. This is concentrated to
sulfuric acid, or limestone is added, to recover gyprum, There is another method in which activated
carbon is washed intermittently and then fed to the gas cooling tower to simultaneouély carry out
the codling of flue gas and the concentration of sulfur. Still another method is available in which
with activated carbon as the moving bed, sulfite gas is adsorbed through the counterflow or cross-
flow of waste gas with it, followed by deadsorption with oxygen-frce gas. or superheated steam of
about 300°C. '

3.3.5 Catalytic Oxidation Method

After dust in flue gas is removed with the dust_'_c‘ollector, the gas is passed through a catalyst
layer at 450 °C to 470 °C for oxidation of 90% of sulfite gas to sulfate anhydride. It is then cooled
with an economizer or air preheater to adsorb sulfate mist, which occurs in the meantime, with

sulfuric acid.
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3.3.6 Other Methods

There are other methods including that in which sulfite gas in flue gas is reacted with hydrogen
sulfide and is removed as sulfur; and that in which sulfite. gas in flue gas is oxidized for removal as
sulfuric acid by using a nitrogen oxide as a medium for oxygen transfer as in the manufacture of

sulfuric acid by lead chamber process.
3.3.7 Cost for Flue Gas Desulfurization

There are, as described above, various methods in flue gas desulfurization. The cost for such
desulfurization’ has been examined by setting thc cases and wet proceés usi'ng caustic soda is
adopted finally, because of the very small volume of flue gas by plant as shown in Table 3-3 and the
process is most: common and its absorbent is rclatively easy to obtain, Table 3:6 and Flgurc 37
show the cost of cach facility and a basic flowchart of desulfurization. The operating cost includes
power and caustic soda, but not including water and sludge treatment charges. In addition, the
desulfurization rate was set at a value during standard minimum oper'luon {(approximately equdl to
85%) duc to difficult control. The construction cost includes the cost for one set excluding stacks;
control dumpers (mcludmg ducts) and civil work.

Table 3-6 Cost for Flue Gas Desulfurization

Gas Hormal Normal 5O, | Running * Total

SEQ County | Factory{ Stack § temper- § exhaist gas emission oosl st
code No. No. awre volume volume
T {*K) Q(m%S) ; q(Mn'ih) | Babts’H {(xt0 Bahis
1} 3 75 \ 33 . 6892 . 3L&9T 1.600 38000
2) 3 M 3 350 2935 5610 320 11.500
n 2 pa 4 35 . 28W - 38 240 L300
4} [ - 68 2 452 67112 289M 1,420 16,700
5y 3 23 5 313 4,349 2.633 210 15.000
6) 3 il 1 467 0.330 1.312 120 7.500
1] 2 u 2 437 - 0.157 0185 n 4200
8y "3 % 1 350 C 589 4598 - 300 16.700
H 3 15 2 437 0.007 0.971 50 1,700
10} 1 39 1 462 . 2940 18.073° 570 1050
1) 2 19 2 523 0.519 2.0E9 120 7.500
12) 3 97 i 38 0.135 0.552 1) 4.200
13) 1 .63 1 - 462 R 8.47 00 9.500
14} 3 &6 | 453 1.570 6.2 33 9.500
15) 3 59 2 3 C 18827 | basiT 350 9.500
16) 3 11 2 496 .19 T2L15 1.2m 16.700
17y 3 56 2 i 1432 2703 170 9.000
18} 3 14 t ag3 4.587 16454 30 15.000
19} 3 14 2 433 4387 16561 830 15,000
20} 3 109 2 467 0.976 4.858 260 7,70
2N 3 90 1 16k 0.932 3169 : 20 7.7
22) 1 n 3 37 1639 2.567 ¥} 9.500
1) 1 3% 2 83 1.305 5.895 300 2.000
) 3 54 1 H3 - 13647 9.730 480 9.500
25) 1 33 1 483 1305 5.857 309 9.000
26} 3 13 4 473 1.813 9512 310 9.500
m 3 02 ] 461 .31 9.003 450 £0.700
28} 1 63 3 461 2251 9657 490 £0.700
29 1 65 2 453 22 8.7% 450 10,700
30) 3 16 3 §73 R 1608 380 9,500
an 3 47 3 493 2025 1922 - 410 .70
32) ] 2 1 473 1.778 6.381 30 9.500
33) 3 114 3 462 1.237 £.478 320 9.600
3H) 1 (2] 3 452 0.667 2, 130 3.000
35} 1 K 2 573 5.406 16.113 3t0 16,700
%) . 3 5 2 523 9.631 20299 143 21.000 -
n 3 16 1 473 1.056 5.692 280 - 9,000
38) k} 16 2 473 1.086 5.692 280 9,000
393 1 7 i 573 437 12.690 ) 15.600
a0y 3 54 2 473 1.36% 9.730 480 10,700
1) 3 1 3 473 1.864 9.730 430 10,790
42} 3 [110] 2 452 0.556 1.9 110 .50
43} 2 35 & 162 0.608 2226 130 7.500
41} k) 28 1 452 .45 19719 114 7.000
45) i 55 1 ki x) 4.230 22098 1,070 15.000
46) L 55 2 393 4330 22.098 £.070 15.000
47 3 14 3 483 2.293 8.2312 H0 10,700
48) [} .2} 2 462 0.19 .622 50 5.400
49} 3 s 2 333 1147 £).8345 50 9,000
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3.4 Reduction of Fuel Conéumptian through Energy Saving
3.4.1 Effects of Energy Saving

Up to this point, we have been discussing countermeasures under the assumption that some
kind of methods will be implemented. In reality, however, not all of the subject factories will be
able to make the capital investments which are necessary. Even if they are able to make the
investments, we do not believe that they wiil willingly invest in something which does not lead to
greater profits. Therefore, methods which do not require large investments and which will bring
some advantages must be promoted. The only such method is the reduction of fuel consumption
tiﬁ‘ough implementing energy saving countermeasures. Since energy saving does not make visible
effect in short term but require continuous efforts in long term to get its cffect, it is likely disre-
varded as the method. It is, however, most- reliable method in splte of small investment when we
examine from middle to long term point of vmw

Table 3-7 shows some examples of energy S‘lvmg countcrmeasures taken in Japan and their |
effects. This table shows the degree to which energy base units (total of energy consumption, such
as the electric power necessary to manulacture prbducts or profits per unit volume) have decreased
(.improved)._iHZ different industries through energy saving co.lintermeasures. ‘The table shows the
figures for 1987 based on an index of 100 for the year 1973, From this taBlc, there have-been
savings ranging from 20 to 40 percent over a 14 year period. This means that the yearly reductions
_ have been from 1.5 to 3.0 percent per year. If these figures are-applied to thé Samut Prakarn
industrial district and a reduction in fuel consumption of 15 to 30 percent in a ten year pcnod is
assumed, then the K-v alue=13 goal will be achieved at most facilities. Table 3-8 shows, for refer-
ence purposcs, an outline of the energy usage rationalization criteria which the management of

plants use.
3.4.2 Costs Involved in Energy Saving Countermeasures

Although the figures arc ambiti'ous, in regard to cnergy saving percentage by industry, the
figures in Table 3-7 for energy saving percentage in Japan have been applied in Table 3-9 to show a
yearly percentage. In this table, the general criteria in Japan for the amount of investment for
cnergy saving countermeasures have been applied, that is, investment amount is equivalent to the
saving amount over a three year period resulting from the energy saving countermeasures.

As a result, the calcutations show that the amount of energy saved between 1993 to 1999 if
energy saving countermeasures arc taken at the 49 stacks (=combustion fécilities) would be 65,500
kiloliters. If this is evaluated on the basis of the projected price of fuel oil for 1999 (3960 bahts/kl),
then approximately 260 witlion bahts, or about 1.6 times the investment (160 million bahts) can be
saved.

In addition, these energy saving coun_tcrmeasurcs will lead to a 1'e(1ucfi0n of about 11 percent

for all fuel oil consumed (584,000 ki) by the manufacturing sector in the Samut Prakarn district in
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1999, This also means that SO, cmissions can be reduced by L1 percent.

Detail on investment in energy saving countermeasures and its cffects arc described in section

6.4 of Chapter 6.

Tabte 3-7 Status of Energy Saving Countermeasures in Energy Intensive Industries

{units: pereent}

Encray {oil) base unit
Industry reduction status Outline of energy saving countermeasures | Represenltive energy saving Facilities, cte.
{FYIISHEY VY '
@ Improvements in operation technology. | (1 Hot slab continuous casting michime.
. (@) Recovery of waste energy. {2) Low-pressure-loss-type blast furnace top
Steel T2 @ Improvements it produclion processes. Pressure recovery power geacrating
(26.2) (a) Improvements in encrgy usage efficicacy. [ - cquipment
(3) Coke dry type fire extinguishing
eyuipment
@) Improvements in waste heat recovery. (1) Waste heat recovery cquipnent for
(@) Rationalization of processes. ' recovery of heat from waste gas from
Petrochemical §7.3 Wit @ R_cd_uct@n of circelation flow ratio in the heating furnaces. )
{Ethylene division) (76.0) distillation systcnr. {Z) Waste heat recovery cquipment for
recovery of heat from decomposed
. generated maller,
o (3 High efficicncy compressors
(1) NSP conversion (1) SP and NSP kilns
69.7 (@ Improvements at vw masterial mills and | @ Vertical mills )
Cement (0') finishing mills. (3 Power generation using medium and low
(3) Utilization of waste heut. remperilare wasie heast.
- (@) More cfficicnt combustivn control.
Q) Introduction of continuous production () Spare immersion type continuous
processes. covking devices.
Paper, p.ulp 59.6 (@ Recovery of _wastc_heul. ) @ H.igh performance pulp washing devices
{4540 (@) Greater efficiency in production (3 High performance sizing press
Processes.
(&) Increased vse of old paper.
(@ introduction of thorough maintenance (V) Spout-1ype dying machines
amd control. (2 Dyc stuff economizer
(@ Recovery und utilization of hot waste (3) Counteritow cleaning, machines
Dying 53.7 waler and waste heal.
(59.8) (3) Introduction of energy saving equipment
for textile dyeing, cte.
@ Improvements in fabrication conditions.
elc.
(1) Thermal insulation using insukiing (1) Builers which use waste heat.
'73 0 materials. ’
Sheet glass (67‘7) (@ Improvements in the scaling of ovens.
’ (@ Improvements in heat storage efficiency.
o ) (@ Installation of waste heat boilers.

(MNotc) The energy (petroleum) base

the petrochemical industry {cthylenc division) are figures from the fiscal yeaes 1987 and 1976.
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