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PROJECT : 100 TPH FIRING BOILER AIR POLLUTION CONTROL

a o

U3t indiidns lauSaeumed S1ia
amuiiaalasams muanadng suneazuiiu daitaiidns
AIR POLLUTANTS EMISSION CALCULATION FOR 100 TPH BOILER

FUEL : Mixed Fuel (ludog 70 %, 15i&v 30% )

¢ A
1. ﬂ'|§Tﬂf‘Nﬂﬂi%ﬂf’)'ﬂsﬂﬂﬁ!Vﬂ!waﬂ’lﬂu?ﬁwau

Material Balance Mix fuel ratio (Judog 70 %, 15i&u 30 %)

1. saAtlznawvertuben 1. safnla: newwe Ty
C o anent Tt Dry Basks | Vet Basks Canspanent Lmlr Dy Bati Wt Basks
Carbon % 4240 a7.36 Cagbeom % i8.10 2538
Hramgen % =44 +.44 Hvdogen "a 543 LE6
Oxygen Y o447 408 Oxygen e 40.70 2147
Nivoges L 77 .68 Himogen % 1.62 .85
Solfur G R L] 0,50 Sulfur "2 a.ll L 0H
Ack L H 11.8% 10.47 Ask L 4.04 PN |
Nl %5 = 1188 Nlomine L = 47.24
Total U 13000 100, 00 Toml *a 10000 100
OV kTka 15480 WOV kg BA00

Composition Unit Dry Wet
Carbon % 44.11 33.77
Hydrogen % 5.16 3.97
Oxygen % 39.84 30.79
Nitrogen % 1.03 0.73
Sulfur % 0.34 0.29
Ash % 9.53 7.97
Moisture % 0 22.49
Total % 100.0 100.0
NCV (Net Calorific Value) = 13,416.00 kl/kg
2.Biomass fuel combustion system
Reactants [ Products
Fuel CHSNOA —>
| Combustion Chamber —> CO,, HO,N; ,SO,
Alr 0; + 3.76N; —>
I

wetpned ik



On mass basis

2.1 masdnarfBinaemamangeg

The weight of air required to burn 1 kg fuel, if the biomass fuel composition is as in above the table

1) ﬁllﬂﬁﬂﬁmﬂﬁﬁ' U4 Carbon

For Carbon

2) aumsmaw 1wl ¥e Hydrogen

For Hydrogen

3) aumsman 1nsf veq Sulphur

For Sulphur

C + 0,@in—» CO,

33.77/100x(32/12) =

2H, + 0,(in—>  2H,0
3.97/100x(16/2) =
S + 0,(air) —» SO,

0.29/100x(32/32) =

Summarized according to Table 2.1 Compute the weight of oxygen required per 100 kg of fuel

2. Combustion Products Calculation

2.1 Compute the weight of oxygen required per 100 kg of fuel

0.900

90.05

0.317

31.75

0.0029

0.29

% by mass Molecular Weight
kmol kmol O,/kmol | kmol O, required kg O, required
Element composition (kg/kmol)
(1] [2] Bl=111/12] [4] [51 =131 x [4] [6] = [5] x M.W.v@3 O,
C 33.77 12 2.814 1.00 2.814 90.05
H 3.97 2 1.984 0.50 0.992 31.75
(0] 30.79 32 0.962 -1.00 -0.962 -30.79
N 0.73 28 0.026 0.00 0.000 0.00
S 0.29 32 0.009 1.00 0.009 0.29
Ash 7.97
Moisture 22.49 18 1.249 0.00 0.000 0.00
Total 100.00 7.045 2.853 91.29
) ECE) a ¢ A a 9 A am
Remarks - 51]@3;!?11!llﬂlﬂi]1ﬂNﬁﬂ1§’JLﬂ51$ﬁﬂQﬂﬂi$ﬂ’f]’U‘gllﬂ\il‘]!’f)!,Wﬁ\ﬁ]1ﬂW’f]\ﬂJ§]1Jﬂﬂ"li

an o a Yo &
-35mamualuaseesue ldaad

(1]
(4]

(5]
(el

Percent by mass 315124 1a11AR0aLlR1TANS

kmol O,/kmol fuam 13910

C + O,(air)—»
2H, + O, (air)—»

S + 0,(air) —>»

co,
2H,0
S0,

kmol O, required = for complete combustion 310 [4]

kg O, required = [5] x M.W.484 O,

2.2 Compute the weight of air required for complete combustion

[andadaulaeifsuas o,: N, Tuerme =

Kol Molecular Weight ke/100 ke,
Data (kg/kmol)
] 2] Bl=[1]x[2] |(emsfmuan(i])

0, required 2.853 32 91.29 0, required = (2.853x32)=91.29
N, required 10.732 28 300.51 N, required = (79 x2.853/21)x 28 =300.51

Total 391.80

Remarks
[1] kmol 0, 1#11nmse 2.1 Compute the weight of oxygen required per 100 kg of fuel : kmol O, required

v s Aa o 2 o F
N2 "lﬂi]'lﬂﬂﬂﬂﬂizﬂﬂﬂﬂlﬂ\ﬁﬂﬂ'lﬁ‘ﬂﬂ ﬂw‘luimmu 79% mmmm‘lmw

kmol Y93 N, =

(79x2.853/21)=10.732 kmol

kg

kg/100 kg of fuel

kg

kg/100 kg of fuel

kg

kg/100 kg of fuel

kg/100 kg of fuel
kg/100 kg of fuel
21/791]
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Theoretical Air Mass

Theoretical Air Volume

3.92

3.03

(391.80/100)

(3.918/1.293)

o < = o 3
MU V=m/p:p NYUKHYN 0°C ANUAU 1 UITEIMA P=1.293 kg/m

mnfSeumsununs 1gaums

*Theoretical Air Volumes

Ao

Ao=BB9xC+26.Tx(H-0VB)+333x8

kg-air / kg-fuel

3
m /kg

Al = ((8.89 x 33.77%) + (26.7 x 3.97% - (30.79% /8 ))+(3.3 x 0.29%))/100)
= 3.00 m kg wex i 9A0 91 18 IndiRea3 T Mgy
2.3 Compute the weight of the products of combustion
% by mass kg-Oxygen /
Nitrogen Products kg Products (Wet)
Fuel Composition composition 100kg;,
[1] 2] 131 [4] [51 (eMmsmuIn [5])
C 33.77 90.05 CO, 123.81 (33.77 x (((32 x 1.00)+12)/12))
H 3.97 31.75 H,O (from H,) 35.72 (3.97 x (((32 x 0.50)+2)/2))
0o 30.79 -30.79 O, 0.00
N from Fuel 0.73 N, 0.73
N from Air 300.51 N, 300.51
S 0.29 0.29 SO, 0.58 (0.29 x (((32 x 0.00)+0)/0))
Moisture 22.49 0.00 H,0 (Moisture) 22.49 (22.49 x (((32 x 0.00)+18)/18))
Total 483.83
2.4 Convert the Flue-gas weight to volume
2.4.1 Normal Operation
Gas Temperature@ ID Fan Inlet Condition 150 °C
Excess Air 30 %
Wiasveuia 1 Tua i 0 °C A1wsy 1 U550mMa 224 L (81989 : anNZUAAQAUARA (Ideal gas) , Avogadro's Hypothesis)
Molecular Weight Volume (m3) Volume (m3) @ | Volume (ms) @ Dry flue
Product kg mole (n) % Gas by vol (Dry basis)
(g/mol) @ 0°C Wet flue gas 150°C gas 150°C
[5] = [4] x (51 (lisaw 1,0 (1,) uag
(1] [2] BI=01]/[2] [[4]1=[31x22.4 [6]=([5]/611.93) x 100
((273+150)/(273+0)) H,O (Moisture))
Co, 123.81 44 2.81 63.03 97.67 97.67 15.96
H,0 (H,) 35.72 18 1.98 44.45 68.87
N, 300.51 28 10.73 240.40 372.50 372.50 60.87
H,O (Moisture) 22.49 18 1.25 27.99 43.36
SO, 0.58 64 0.01 0.20 0.31 0.31 0.05
0, (Excess Air) 27.39 32 0.86 19.17 29.71 29.71 4.85
N, (Excess Air) 90.15 28 3.22 72.12 111.75 111.75 18.26
Total 600.64 467.36 724.15 611.93 100.00
Remarks  o5u1ewisineninmanaldaeil
[1] kg Product

1) CO, mﬂ%’ﬂu‘.a"lﬁ'mnmiw 2.3 Compute the weight of the products of combustion : kg Product Y93 Carbon

2) H,0(H,) mﬂ*ﬁ'@y_a'lﬁ' 91913 2.3 Compute the weight of the products of combustion : kg Product ¥84 Hydrogen

3)N, i’aga‘lﬁ’mnmiw 2.3 Compute the weight of the products of combustion : Nitrogen

4) H,0 (Moisture) bt au"a'lﬁ' 919151 2.3 Compute the weight of the products of combustion : kg Product Y84 Moisture

g Sk
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5) SO, ﬁﬁ'@na'lﬁ'mnmiw 2.3 Compute the weight of the products of combustion : kg Product U993 Sulfur

6) O, (Excess Air) ﬂ’t)m (6] wmaﬂ%’“lunmm"lwuquyg iﬂﬂmin 2.2 Compute the weight of air required for complete combustion x 30% (Excess Air,

6) N, (Excess Air) flof1 N2 wmﬂ%’“lunmm"lwuquyg iﬂﬂmin 2.2 Compute the weight of air required for complete combustion x 30% (Excess Air

[2] Molecular Weight CO,, N,, H,0, SO, , O, (g/mol)

[3] 149U mole (n) = mass (kg) / Molecular Weight

[4] 1315 u0901MA 0°C latm

[5] 1BAsvee1nei 150°C

161 %Gas by vol (Dry Basis) A lefidudlavtuasveanda Taolifamanuidu (Dry basis)

Flue-gas weight to volume

Gvol = 724.15 m’/100kg fuel wet basis
= 611.93 m’/100kg fuel dry basis
Flue gas density = 0.829 kg/m3 wet basis
Fuel Required and Gas Flow Rate
Parameter Symbol Calculation Value Unit
Steam Temp. Generate Tout Specification 515.00 °C
Steam Pressure generate Pout Specification 73.00 barg
Steam Enthalpy hout Steam Table 3,444.00 kl/kg
Feedwater Temp Tfw Measured Data 172.80 °C
Feedwater Enthalpy hfw Steam Table 735.00 kl/kg
Ash in fuel a Data 7.97 %
Fuel NCV (wet basis) NCV Biomass Data 13,416.00 kJ/kg
%Unburn loss in Carbon %c Ref : Data 1.00 %

9%Unburn loss in Carbon Ain M3 Tntl liauysal #unaniveunaunaes (Unburned carbon)

' < 5 a o < A o A
Ref : f]ll@ﬂ'lilWill/i&’ﬁWﬁﬂ?W?i\i lh¥awaaviadnun (VSPP), ﬂiﬂ?ﬁﬂ@?%@ﬁﬁ"lﬁﬂiﬁl. NUNATIN ] :

Boiler Capacity TPH Specification 100.00 T/H
Boiler kW Qin TPH*(hout-hfw) |  75,250.00 kW
Boiler Efficiency eff Data 90.00 Design data
Fuel Required mf Qin/eff/NCV 6.23 kg/s
Calculated Gas Flow Rate@ID Fan Inlet Condition Gvol*mf/100 45.13 m3/s
Gas Flow Rate Calculation (Wet basis)
Calculated Gas Flow Rate@ID Fan Inlet Condition = 45.13
*Air-heater leakage 5% of Gas Flow = 2.26
*Furnace air leakage 5% of Gas Flow = 2.26
Safety Factor 15% of Gas Flow = 6.77
Total Gas Flow@blower Inlet Condition = 56.41

a  Jaa

v !
*Ref - SN Toyannmsauszyunie lo voa Uiy ingwons lausaeumed s1ria

2.4.2 Base on 7% O,
150 °C
Excess Air 50 %

Flue Gas Temperature

2 ' a A o g 4 { o 4 ' L.
(mﬂﬂsanaummﬁmumuﬁ 30% Uiy 50% Lﬁa“lﬁ’"lé'ﬁmazﬁ 7% O, ﬂWNﬂi’ﬂﬂWWuﬂLﬁﬂﬂ1ﬂ1 Emissions)

Wuasveada 1 Tua 7 0°C Awdn 1 u3seINe 224 L

i 150°C
(97.67 +372.50 +0.31 +29.71 +

(600.64 / 724.15)

a L4 a wa
(mnwmmﬂzwﬁmﬂg]wmi)

FUIAN 2561

111.75)

[ (100 x 1,000/60/60) x (3,444-735) ]

(@oyanngnan)
[75,250/0.90/ 13416 ]

Wet basis

m/s
m/s
m/s
m/s

m/s

[724x6.23/100]

(Egl"liaﬁ : ﬁﬂ‘I’JS’,I,LtglvﬁQﬂllﬂa (Ideal gas) , Avogadro's HypothesisE

g Sk

RR4ATI



Molecular Weight Volume (m3) Volume (ms) @ | Volume (ms) @ Dry flue
Product kg mole (n) % Gas by vol (Dry basis)
(g/mol) @ 0°C Wet flue gas 150°C gas 150°C
[5] = [4] x (51 (lisaw 1,0 (1,) uag
(1] [2] [B1=[1]1/[2] |[4]1=[3]x224 [6]=([5]/706.23) x 100
((273+150)/(273+0)) H,O (Moisture))
CO, 123.81 44 2.81 63.03 97.67 97.67 13.83
H,0 (H,) 35.72 18 1.98 44.45 68.87
N, 300.51 28 10.73 240.40 372.50 372.50 52.74
H,0 (Moisture) 22.49 18 1.25 27.99 43.36
SO, 0.58 64 0.01 0.20 0.31 0.31 0.04
0, (Excess Air) 45.65 32 1.43 31.95 49.51 49.51 7.01
N, (Excess Air) 150.25 28 5.37 120.20 186.25 186.25 26.37
Total 679.00 818.46 706.23 100.00
Remark  ©3U10W1515A03A199 MWA131971 2.4.1 Normal Operation
Flue-gas weight to volume
Gvol - 818.46 m’/100kg fuel wet basis # 150°C
= 706.23 mS/IOOkg fuel dry basis (97.67+372.50+0.31+49.51+186.25)
= 49753 Nm'/100kgfuel  dry basis il 25°C
Flue gas density = 0.830 kg/m3 wet basis (679.00 / 818.46)
Fuel Required and Gas Flow Rate
Parameter Symbol Calculation Value Unit
Steam Temp. Generate Tout Specification 515.00 °C
Steam Pressure generate Pout Specification 73.00 barg
Steam Enthalpy hout Steam Table 3,444.00 kl/kg
Feedwater Temp Tfw Measured Data 172.80 °C
Feedwater Enthalpy hfw Steam Table 735.00 kl/kg
Ash in fuel a Data 7.97 %
Fuel NCV (wet basis) NCV Biomass Data 13,416.00 kl/kg
%Unburn loss in Carbon Y%c Ref': Data 1.00 %
Boiler Capacity TPH Specification 100.00 T/H
Boiler kW Qin TPH*(hout-hfw) 75,250.00 kW ((100 x 1,000/60/60) x (3,444-735))
Boiler Efficiency eff Data 90.00 (Design data)
Fuel Required mf Qin/eff/NCV 6.23 kg/s (75,250/0.90/13,416)
Calculated Gas Flow Rate@]ID Fan Inlet Condition Gvol*mf/100 51.01 m3/s Wet basis [818x6.23/100]
44.01 m /s Dry basis [ 706 x 51.01 /100 ]
Gas Flow Rate Calculation Wet Basis Dry Basis
Calculated Gas Flow Rate@]ID Fan Inlet Condition = 51.01 m3/5 44.01 m3/s
*Air-heater leakage 5% of Gas Flow = 2.55 m3/s 2.20 m3/s
*Furnace air leakage 5% of Gas Flow = 2.55 1n3/s 2.20 mg/s
Safety Factor 15% of Gas Flow = 7.65 m3/s 6.60 m3/s
Total Gas Flow@blower Inlet Condition = 63.76 m/s 55.02 s #1500
Total Gas Flow at 25 °C = 44.92 m'/s 38.76 m
* Ref: dndatloyannmmAuszyunio lowi vos u3e indwsas laviaweumed 519a &
==
s thif
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2.5 Total Ash Amount

Ash content in biomass fuel

Unburned Loss from biomass fuel

Biomass fuel consumption

Total ash amount

2.5.1 Dust Concentration at Normal Operation
Fly ash ratio

Fly ash amount

Dry flue gas flow

Dust concentration from furnace at normal operation

2.5.2 Ash Retaining on Boiler Tube
Ash retaining ratio

Ash retaining amount per hour

Ash retaining amount per day

2.5.3 Dust Concentration at Soot Blowing Period
Number of Soot blowing

Soot blowing time

Soot blowing time

Dust concentration from retaining ash

Dust concentration at soot blowing period

2.5.4 Particulate Emission at Normal Operation
Gravity ash correcting ratio at Boiler bank tube area

Dust concentration at Boiler outlet flue gas

Gravity ash correcting ratio at Air preheater hopper
Dust concentration at Multi-Cyclone&ESP inlet flue gas

Ash correcting efficiency at Multi-Cyclone

9.53 wt% at dry basis

7.97 wt% at wet basis
1.00 Wt% at wet basis (ﬁmﬁ“lﬁiﬁﬁmhﬁé’wamuaﬂma% (Takuma's 1U211))
6.23 kg/s
22,43590 kg/h [6.23x60x 60 ]
Fuel consumption x [ Ash% (wet) + Unburned loss% (wet) ]
2,011.94 kg/h [22,435.90 x 7.97% + 1%) ]
60.00 wt% (TAKUMA's experience number)

Total ash amount x Fly ash ratio

1,207.16  kg/h [2,011.94 x 60.00% |
198,061.35  m /h (150°C) [55.02x 60 x 60
139,532.59  m'/h (25°C) [38.76 x 60 x 60 ]

(Fly ash amount / Dry flue gas flow) x 1,000
8.65 g/ng(dry) [ 1,207.16 / 139,532.59 x 1,000 ]

8,651.49  mg/Nm’(dry) [8.65x1,000]

1.50 wt% (TAKUMA's experience number)
Fly ash amount x Ash retaining ratio%

18.11 kg/h [1,207.16 x 1.50 % ]
Ash retaining amount per hour x 24 hour

43458  kg/day [18.11x24]

2.00 times/day
0.50 hour/time
1.00 hour/day [0.50x2]
Ash retaining amount per day x Soot blowing time / Dry flue gas flow x 1,000

3.11 g/Nma(dry) [ (434.58 /1.00) / 139,532.59 x 1,000 ]

311454 mg/Nm'(dry) [3.11x1,000]
1177 o/Nm'(dry) [8.65+3.11]
11,766.03  mg/Nm (dry) [ 11.77 x 1,000 ]
10.00 % (TAKUMA's experience number)

Dust concentration from furnace at nornal operation x (100% - 10%)
779 o/Nm'(dry) [8.65x(1-0.10)]
15.00 % (TAKUMA's experience number)
6.62 g/Nm'(dry, 0, =7%) [7.79x(1-0.15)]

60.67 % [ From TABLE : EFFICIENCY OF CYCLONE |

")
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Dust concentration at Multi-Cyclone outlet flue gas

Ash correcting efficiency at ESP

Dust concentration at ESP outlet flue gas

2.5.5 Particulate Emission at Sootblowing Period
Gravity ash correcting ratio at Boiler bank tube area
Dust concentration at Boiler outlet flue gas

Dust concentration at Boiler outlet flue gas

Gravity ash correcting ratio at Air preheater hopper
Dust concentration at Multi-Cyclone&ESP inlet flue gas
Ash correcting efficiency at Multi-Cyclone

Dust concentration at Multi-Cyclone outlet flue gas

Ash correcting efficiency at ESP

Dust concentration at ESP outlet flue gas

*Guaranteed Particulate emission value

SUMMARY
TSP at Normal Operation

TSP at Soot Blow Operation

3. NOx Emission Calculation
3.1 Fuel NOx
Max.Temp. of Combustion Chamber

Fuel Required

N-Component in fuel

NOx Conversion Rate

Ref': (R.Salzmann, T.Nussbaumer, Energy & Fuels 2001, 15 575-582)

NOx Production

Fuel Gas Flow Rate

NOx Concentration

Dust concentration at Multi-Cyclone&ESP inlet flue gas x (100% - Multi Cyclone Eff%)
2,603.27 mg/Nm3(dry basis, 25°C, 1 atm 7% O,) [6.62 x (1 -60.67 %) x 1,000 ]

97.13 % [ From 4.1.9) ESP Efficiency ]

Dust concentration at Multi-Cyclone outlet flue gas x (100% - ESP Eff%)

7463 mg/Nm (dry basis, 25°C, 1 atm 7% O,) [2.603.27 x (1-97.13 %) ]

10.00 % (TAKUMA's experience number)
Dust concentration at soot blowing period x (100% - 10%)
1059 g/Nm'(dry) [11.77x(1-0.10)]
15.00 % (TAKUMA's experience number)
9.00  gNm'(dry,0,=7%) [10.59x(1-0.15)]
60.67 % [ From TABLE : EFFICIENCY OF CYCLONE ]
Dust concentration at Multi-Cyclone&ESP inlet flue gas x (100% - Multi Cyclone Eff%)
3.54045  mg/Nm (dry basis, 25°C, 1 atm 7% O,) [9.00x (1 - 60.67 %) x 1,000 ]
97.13 % [ From 4.1.9) ESP Efficiency |
Dust concentration at Multi-Cyclone outlet flue gas x (100% - ESP Eff%)
101.50 mg/Nm3(dry basis, 25°C, 1 atm 7% O,) [3,540.45x (1-97.13 %) ]

12000  mg/Nm(dry basis, 25°C, 1 atm 7% O,)

74.63 mg/NmS(dry basis, 25°C, 1 atm 7% O,)
101.50 mg/NmS(dry basis, 25°C, 1 atm 7% O,)

900.00 °C
6.23 kg/s
22,435.90 kg/h [6.23x60x 60 ]
0.73 %by weight

10 %

(22,435.90 kg/hr x 0.73% x 10% ) x 46 / 14
52.30 kg/hr as NO,

38.76 m/s

139,532.59  Nm'/h (7%, 0,,25°C)  [38.76x60x60]
(NOx Kg/hr) / Flue Gas Flow Rate (Nmz/h)
(52.30/139,532.59) x 10%6

374.81 mg/Nm’ as NO,

i ks
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3.2 Thermal NOx

NOx Production

Ref': (R.Salzmann, T.Nussbaumer, Energy & Fuels 2001, 15 575-582)

3.3 Prompt NOx

NOx Production

Ref: (R.Salzmann, T.Nussbaumer, Energy & Fuels 2001, 15 575-582)

3.4 NOx Emission

NOx Emission form Boiler

NOx Reduction by Boiler Function as Air Staging

negligible (Because of low combustion temperature)
negligible (Because of low combustion temperature)
3
= 374.81 mg/Nm as NO,
= 20.00 %

Ref : Nussbaumer. T. Primary and secondary measures for Nox reduction in Biomass combustion. In Developments in Thermochemical Biomass Conversion ; Blackie

Academic and Professinal : London. U.K.. 1997.

NOx Emission form Boiler

Concentration (ppm)

Limited NOx

4. SO, Emission Calculation
4.1 Fuel SOx

Fuel Required

S-Component in fuel

SO, Conversion Rate

- 299.85 mg/Nm as NO,

= 24.45 x Concentration (mg/mg) / Molecular weight (NO,)

= (24.45x299.85) /46

= 159.38 ppm
= 200.00 ppm ....0.K.
= 6.23 kg/s

= 22,435.90 kg/h
= 0.28 % by weight

= 13 %

(7%, 0,,25°C)

[6.23x60x 60 ]

Ref : Emission factors and evolution of SO2 measured from biomass burning in wildfires and agricultural fires. Pamela S., R. et al. Atmospheric Chemistry and Physics.

Copernicus Publications, Katlenburg-Lindau, Germany, 22:15603-15620, (2022).

i]'lﬂﬂiJﬂﬁﬂ']iLW']Vlﬁﬂ

SO, Production

Flue Gas Flow Rate

4.2 SOx Emission

SO, Concentration

Concentration (ppm)

Limited SOx as SO,

S + 0O,(air)

32 + 32

v

SO,

64
= (22,435.90 kg/h x 0.28% x 13% ) x 64/32
= 15.68 kg/hr

= 38.76 m /s

= 139,532.59 Nms/h (7%, 0,, 25°C)

= (SO, Kg/h) / Flue Gas Flow rate (Nm3/h)

= 15.68 /139,532.59 x 10"6

= 119.71 1ng/N[n3

[38.76 x 60 x 60 ]

= 24.45 x Concentration (mg/mg) / Molecular weight (SO,)

= (24.45x119.71)/ 64
= 45.73 ppm
= 60.00 ppm ....0.K.

(7%, 0,, 25°C)
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PROJECT DESIGN : 100 TPH BOILER AIR POLLUTION CONTROL
FUEL : Mixed Fuel (ludos 70 %, 1516 30% )
W3 i Andians laudaeunied S1fa
amufidalnsems v‘immjﬂw?; BUNBATINIUHY JIHIANINS
AIR POLLUTION CONTROL DESIGN CALCULATION

MULTI CYCLONE & ELECTROSTATIC PRECIPITATORS (ESP)

1.DESIGN CONDITIONS

3

1) Total Gas Flow Rate (Q) = 63.76 m /s

229,53537 m /hr
2) Temperature of Inlet Gas (T) = 150.00 °C

3) Density of Inlet Gas ( pg) = 0.82 kg/m3
4) Kinematic Viscosity (V) = 29.26 1076 mz/s

5) Viscosity of Inlet Gas ( LL)

2.41E-05 kg/(m.sec)

3
6) Density of Bagssse Ash (D) = 1,200.00 kg/m
2. PARTICLE SIZE DISTRIBUTION
' o ' A ax s A o o H A s ot o o '
fﬂﬁﬂﬁ3ﬁﬂﬂﬂ]uﬂlﬂﬂ]ﬂ\iduag'E]f’]\‘11]Naﬁf’)ﬂ1§!aﬂﬂ3‘ﬁﬂ1§Llﬁ3@ﬂﬂ§mlw@u1ﬂﬂﬂuagﬂ@\iuu€] Lu'f]@5]Tﬂ@l]ﬂiﬂ!LlﬂagQl]ﬂiﬂ!Nﬂ?1ﬂﬁ1u1iﬂﬁluﬂ1iﬂ1ﬂﬂduqu
=N ) o | A o A ) S o w1 72 Y v Y o PR
MmNy i]\iﬁf)\?Vnﬂ'ﬁﬁiﬁﬂ]ﬂﬂ'ﬁﬂﬁzﬂ']ﬂmu‘]ﬂﬂlENFJuﬁngfN LW@uT”lﬂLﬂ@ﬂi%qﬂﬂﬁmU1UﬂFJu Lla§ﬂlu1ﬂﬂlf]ﬂ@ﬂﬂ5muu“’] GLWQﬂﬂ@QLLﬁgﬂﬁﬂﬂﬁ@\iﬂUﬂWTU']Uﬂ

y {a I’
ﬂuﬁ%ﬂﬂ@ﬂ"lllﬂﬁ ﬂiz%1ﬂmu"lﬂ‘ﬁ?llﬂi"l§1’i]lﬁ}

Size Category | Midpoint
Number of Particles, n %Frequency Cum. %Frequency
(Km) (Lm)

0-5 2.5 250 13.52 13.52
5-10 7.5 463 25.04 38.56
10-20 15 419 22.66 61.22
20-170 45 336 18.17 79.39
70 - 140 105 185 10.01 89.40
140 - 250 195 114 6.17 95.57
250 - 400 325 61 3.30 98.86
400 - 650 525 21 1.14 100.00

Total 1,849 100.00

Ref : Bagasse Data from of Mitr Kalasin Sugar Co., Ltd., 2006. (Data Form Mr.Chatchaval Aiyathiti)
3. MASS RATIO (W) of Particle
VHIAUBIDUNA (Partical Size)
1 Y

J o { o o A | ' o .
lumiaamm‘uqﬂﬂimﬂﬂ AU m@y‘aﬁﬁ'l ﬂgﬁqwﬁamummmaumﬂw’d‘mﬂu ANUUNIYUDIVUIAVDIDUN A ﬁiJ']fJﬁ\i Lﬁ’umuﬁuﬂnan (Diameter) 1uﬂiﬁ

4 2 ' & ~ ' ' o ¥ Ay 19 o & g i . = o
ﬂ@lélﬂ1ﬂ!,ﬂu1/]iﬂﬂﬁll LLG]T@ﬂﬂiqﬂﬂlélﬂ1ﬂﬂgﬂﬁﬂ’mw®mﬂ HUDNINNIINAY ﬂﬂuuﬂiélﬂ1ﬂﬂhlﬂﬁlﬂm5\1ﬂﬁllllﬂ‘ﬂﬂﬂsllu1ﬂmﬂuEqulvalent Diameter lagtiguny

)

e fuf
AadT3

. { Aa <
Projected Area WHAY 131105 172 Wluduy

v
v

< ' o = o
Equivalent Volume Diameter (De) tHhudurigudnarsvesiananiitiituiiminy Projected Area 0301n1A fudn @ naunis



Equivalent Volume Diameter (De) Dc(60L / T[Z)]/3
Dc = Dia. Of Equal Area Circle
o = Volume Shape Factor = 0.24*
Aerodynamic Diameter (Da) iHuidurguénarsveansanauiiianumumiu 1 nu de av.sw. uaziinnudanlueimenhsuveseynin

Y
' L ‘o ] , ° )
A1 Aerodynamic Diameter %u’ﬂgﬂﬂﬂllﬂﬂﬂlﬂﬂﬂ%}ﬂ?ﬂ 3ﬂiN HAZANNVUIUUYDIDUNIA ﬂ1u3mhlﬂﬁ]1ﬂﬁllﬂﬁ

112
Aerodynamic Diameter (Da) De(PTT/ Pde)

pd

X = Dynamic Shape Factor = 1.11*

Water Density = 1,000 kg/m3

Ref * : Hinds C.W. Aerosal Technology , 2nd, John Wiley & Sons, 1999.

Size Category | Midsize Number of g 3 Mass Ratio
De Da n,Da; TCPn.Da, /6

(Hbm) (Hm) Particle (n) M (%)
0-5 2.5 250 1.93 2.11 2.35E-15 1.48E-12 0.0001
5-10 7.5 463 5.78 6.33 1.18E-13 7.39E-11 0.003
10-20 15.0 419 11.57 12.67 8.52E-13 5.35E-10 0.023
20-70 45.0 336 34.70 38.01 1.84E-11 1.16E-08 0.492
70 - 140 105.0 185 80.96 88.69 1.29E-10 8.11E-08 3.441
140 - 250 195.0 114 150.35 164.70 5.09E-10 3.20E-07 13.580
250 - 400 325.0 61 250.58 274.50 1.26E-09 7.93E-07 33.642
400 - 650 525.0 21 404.79 443.43 1.83E-09 1.15E-06 48.820
Total 1,849 3.75E-09 2.36E-06 100.00

4.AIR POLLUTION CONTROL SYSTEM
Above Pollutant Condition, We Selected Air Pollution Control Devices as:
1) Multi Cyclone to Collect The Most Big Particulate from Exhaust Gas Before Flow Though Next Device by Dynamic Machanism.
2) ESP to Collect the Small Particulate from Exhaust Gas Before Flow Though Stack by Electrostatic Field.
Details of Air pollution control devices & Performance
4.1) MULTI CYCLONE
3 - a A4 oo ¢ o o = a 4 ‘;
vl"’]fiﬂﬁuL‘lJHQIJﬂiﬂIﬂ'J‘UﬂlliJﬁW‘H1/I'Nf]Wﬂ']ﬁslfuﬂf]1§ﬂWﬂVIBW?fﬂﬁﬁﬂﬂTiWNﬂﬁ?ﬂﬁﬁi (Mechanical) f]']ﬂflﬂﬁﬂﬂﬁqﬂlﬂﬁﬂuﬂﬁﬂﬁﬂ'ﬁmﬁﬂu‘ﬂ
W A 9 9\ ~ o o0 q.¥ = Yo a a 9y 1 = ° ]
maﬂmmﬂﬂammﬂﬂiu"lﬂﬂauqlwhlwmumﬂummmmmm Iﬂfﬂ/ﬂElﬁﬂléﬂTﬂﬂ!leJ'Juﬁ‘ﬂvaI,ﬂi‘]Jﬁﬂ‘ﬁ‘wﬁN1ﬂ1ﬂL!iQqu0'N‘IJ'€NIﬁﬂ IHUHIIULIIURNDY
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Flow of Exhaust Gas (Q,,) = 63.76 m/s

Number of Multi Cyclone = 80.00 Unit
Flow of Exhaust Gas per Cyclone (Q) = 0.80 ms/ s
Q = AV
Minimum Velocity in Cyclone (vg) = 15 m/s
Area of Inlet Cyclone Require (Areq) = 0.054 m2
Standard Dimention of Stairmand High Throughput Cyclone o,
w =
o .
Body Diameter (D/D) = 1.00 m/m "' P
Height of Inlet (H//D) = 080  m/m |4 L
Width of Tnlet (WD) = 035  m/m [
Diameter of Gas Exit (D /D) = 0.75 m/m \ J ‘
\ /
Length of Vortex Finder (S/D) = 0.85 m/m Ivv l" ‘.4
Length of Body (L,/D) = 1.70 m/m \ ( |
Length of Cone (L /D) = 2.00 m/m ‘::J
Diameter of Dust Outlet (D /D) = 0.40 m/m v

Ref: C. David Cooper and F.C. Alley. Air Pollution Control a Design Approach. 3rd ed. Illinois: Waveland Press, Inc., 2002

4.1.1) Calculation Area of Inlet Cyclone

Body Diameter (D) = 0.40 m.
Height of Inlet (H) = 0.32 m
Width of Inlet (W) = 0.14 m
Diameter of Gas Exit (D,) = 0.30 m.
Length of Vortex Finder (S) = 0.34 m.
Length of Body (L,) = 0.68 m.
Length of Cone (L,) = 0.80 m.
Diameter of Dust Outlet (D) = 0.16 m.
Thus,
Area of Inlet Cyclone = 9 ((]3/2)2 -(D/ 2)2)
2
A, = 0055 m
A, > 0.054 m2 ceen. OK.

4.1.2) Calculation Cutoff Diameter (d,,)
dszanimnvedlalnan
Tumsfinuiinernvlszaninmves lslaauluedaimuu Idiindsesiuaunn mldiReanguguazuuuiassinainnate Tagngufmsmuin
9 ¥
A5ai1921935v04 Lapple Model (1951)
3 ax o° a a A A Yo A A v o & a )
Lapple Model iiluatmsmuranlsz@ninmveslaTnauinuniganas 1a5uanuiteuiga Tas lagnifaunaniiugmvesnsdugaus Tae lifaus sdu
& o Yo A ' 4 4 A9 $ ¥ a ' ) A y & &
mums lnannszyhlulalaau Tao Lapple Idduiivguheymainaowind Iy Tnauaznsznemnsinanemad symamienninanunansanii

' Y 1 a o 3 a a o & o o R Y 9 a a Ao o
slIEN“I/]?]'1/]1\1L5111q1j§L'm!W‘LNslIENvl“]fTﬂﬁLlﬂxL‘]Juﬂiﬁﬁ‘l/]ﬁﬂw‘liuﬂﬁﬂﬂmﬂl?gu 50% Iﬂﬂﬂﬂll?mWU‘ﬁG]N‘lﬂmﬂﬂ15ﬂﬂﬂ'§ﬂﬂi$ﬁﬂﬁﬂ1w 50% NITYNIN VUIAAAUDIDUNA

v ' '
(Cut diameter, d ) TddaTiaeafinn 1A Lapple annsaviavinavesoyniniignien

L==
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4.1.2) Calculation Cutoff Diameter (d_)

Cutoff Diameter (dpc) = oUW
2Ne(P,—P g)Vg

V1 = ANWHIAYPIDIMA (Dynamic viscosity) 1128 A lanSuaomuas-1u1i

w = anundtuvesnemainlylnau v was

v, = anuBiaunemad (nlet velocity) 1128 WATHOIUTN

Py = anuvuuiudy (Particle density) w11 flansudegnuinfiuag

P, = ANUMUNLIUDINS (Air density) M0 A TansuregnNARIAS

Ne = SwousevvesmsvyululyTnau wie sou

Number of Core (N,) = 2

Cutoff Diameter (dpc) = IUW

2N(P, =P,

d,. = 11.14 Hm
TABLE : EFFICIENCY OF CYCLONE
Size Category | Midsize Number of nj mj njmj Emission
dp,,,/d, nj Penetration

(HLm) (Lbm) particle (n) (%) (%) (%) No.of Particles (n) Mass (g)
0-5 2.5 250 0.22 0.05 4.80 13.52 0.65 0.952 238 1.41E-09
5-10 7.5 463 5.78 0.31 31.21 25.04 7.81 0.688 318 5.08E-08
10-20 15.0 419 11.57 0.64 64.47 22.66 14.61 0.355 148 1.89E-07
20-170 45.0 336 34.70 0.94 94.23 18.17 17.12 0.058 19 6.56E-07
70 - 140 105.0 185 80.96 0.99 98.89 10.01 9.89 0.011 2 8.77E-07
140 - 250 195.0 114 150.35 1.00 99.67 6.17 6.15 0.003 0 0.00E+00
250 - 400 325.0 61 250.58 1.00 99.88 3.30 3.30 0.001 0 0.00E+00
400 - 650 525.0 21 404.79 1.00 99.96 1.14 1.14 0.000 0 0.00E+00
Total 1,849 100.00 60.67 725.00 1.77E-06

Particle Removal Efficiency of Multi Cyclone = 60.67 %

BT Hud
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4.2) ELECTROSTATIC PRECIPITATORS (ESP)
wieasnduuun vhadad Tunsesiionlduse i lumsusneynineenannszuamalaviinanms fe ladszy luhlueynia udwhueymaiiilszy

a o A $ A4 2 3 X A o o = s a 3
Tt I luau Inihadad eymamariivzmaesuitmgainuuusiuduFidndlivhassdudwsuveseynia Esp Hlszansmmgelumanueynindu
{ < ' & a a ' o ' ' A '
vwnaann 1 luaseu T Tdfilsz@niamda 99.5% wiegand il ESP edraunsnarslumsniuguuaive1Maved159014gAT NI TUA1
' ? . S
18un Ts9'llvh wagnifelorh (Boiler) Hludu

4.1.1) Design Parameters

Parameter Range
Drift Velocity, w, 1.0 - 10 m/min
Chanal Width, D 15-40cm
Specific Collection Area, SCA 0.25-2.1 m’/(m /min)
Gas Velocity, u 1.2-2.5m/s
Aspect Ratio, R 0.5-1.5
Corona Power Ratio, Pc/Q 1.75-17.5 W/(ms/min)
Plate Area per Electrical Sections, Ns 460 - 7400 m’
a. In the Direction of Gas Flow 2-8
b.Total 1 - 10 bus sections/(1,000 m /min)

Ref. : C.David Cooper and F.C. Alley, Air Pollution Control : A design Approach, Waveland Press, Inc., 1990.

4.1.2) Design Parameters

Plate Height, H = 10.0 m.
Plate Long, Lp = 8.0 m.
Channel Width, D = 40.00 cm
Gas Velocity, u = 2.50 m/s
Aspect Ratio, R = 1.25

4.1.3) Number of Duct,(Nd) Duct %39 Bus Duct Humadu lwihd s ldna lvhadad ionsnoumadusennnnszuaies

Nd = Q/uxDxH
Total Gas Flow Rate (Q) = 63.76 mS/s
Gas Velocity, u = 2.50 m/s
Channel Width, D = 40.00 cm
Plate Height, H = 10.00 m.
Nd = 63.76 / (2.50 x 40.00 x 10.00)
= 6.38 Ducts
Choose Ns = 7.00 Ducts

s a 2 ro o X . 4 SN & X i
4.1.4) Number of Section, Ns 1Js2anTAIMUea ESP VYHOYNVIIUIU Section ‘Vidiﬂ Field Lﬂ%i’N ESP sinueeonilunaile Bus Section ‘Vi%@ Field

Tuidiag Bus Section 9¢1 Transformer - Rectifier Set YB4A304 10U UUUIA Power Supply IHmingavdmividazan1izmsauasedlu ESP

Ns
Aspect Ratio, R = 1.25 E
Plate Height, H = 10.00 m. L=
wegmnd fush
an4T3
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Plate Long, Lp = 8.00 m.
Ns = (1.25x 10/ 8.00)
= 1.56 Sections
Choose Ns = 2.00 Sections
. A A4 g - P} =
4.1.5) Actual Collection Area, As A9 WUAVBIUHWAUAY (Plate) Navualuanmldanuaia
As = 2xHxLpxNsxNd

As

2 x 10.00 x (8.00 x 2.00 x 7.00)
2
= 2,240.00 m
4.1.6) Specific Collection Area, SCA A0 8AT1AIUVDINUNAIVOUHIAY (Collection Plate) Apdai1m3 lnaveamaruaied ESP luaninld
AT agueaasluauns
Specific Collection Area, SCA = AIQ
= 2,240/ 63.76 x 60
23
= 0.59 m /(m /min)
(In The Range of Design Parameter)
4.1.7) Plate Area per Electrical Set = As/Ns
= 2,240 /2.00
2
= 1,120.00 m
(In The Range of Design Parameter)
4.1.8) Drift Velocity, w,
-18 2
w = (6.64x10 )E /|
E = Average Electric field, V/m
= 4,300.00 V/m
d = Particle Diameter, mm
4.1.9) ESP Efficiency

aumshianiumnlumsunlsz@ninmveunsos ESP Avaun15uea Matts-Ohnfield %4 lddau/asaun1svee Deutsch Anderson Taons 14

v
Y '

A1 K Factor #a0aAaug 0.4 - 0.6 aanaaalueums

Use Matts-Ohnfeldt equation and k = 0.5

n = 1-exp (-weA/Q)Q5
Size Category | Midsize No. of Mass We Collection eff. Efficiency
Da Penetration Emission
(Wm) (Llm) Particle (n) (2 (m/s) (‘r]) (%) No.of Particles (n) Mass (g)
0-5 2.5 250.0 2.1 1.48E-09 0.108 0.61 0.388 0.125 97 6.13E-10
5-10 7.5 463.0 6.3 2.74E-09 0.323 0.94 0.059 0.521 27 1.71E-10
10-20 15.0 419.0 12.7 2.48E-09 0.646 1.00 0.003 0.012 1 0.00
20-70 45.0 336.0 38.0 1.99E-09 1.939 1.00 0.000 3.689 0 0.00
70 - 140 105.0 185.0 88.7 1.09E-09 4.524 1.00 0.000 8.607 0 0.00
140 - 250 195.0 114.0 164.7 6.74E-10 8.401 1.00 0.000 15.984 0 0.00
250 - 400 325.0 61.0 274.5 3.61E-10 14.001 1.00 0.000 26.639 0 0.00
400 - 650 525.0 21.0 443.4 1.24E-10 22.618 1.00 0.000 43.033 0 0.00 .
Total 1,849 1.09E-08 52.56 98.61 125 7.90&-10‘{
W
AV.]
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In This Case, It is Assumed That the Particle Removal Efficiency Lossed 1.5% (from Factors of Operation)

Particle Removal Efficiency of ESP 98.61 x (0.985)

I
o

7.1
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PROJECT : 100 TPH FIRING BOILER AIR POLLUTION CONTROL

av a Jd

V3N Aindnidns lavsaeuued s1ia
amuiiaalasams muanadng suneazuiiu daitaiidns
AIR POLLUTANTS EMISSION CALCULATION FOR 100 TPH BOILER

FUEL : Mixed Fuel (udo# 70 %, 150 20 %, najuuidles 10 %)

¢ A A a
1. ﬂ‘liTnf‘]\iﬂﬂigﬂf’)usﬂﬂ\iﬁlﬂ!waﬂﬁl?u?ﬁwﬂﬂ

FUEL : Mixed Fuel (ludoa 70 %, 157§ 20 %, vidjuuitles 10 %)

1. iribieneedubea %, pdirbicrd iU 2, stk i i wdlld
Compasesl Tmil Dy Basir | Wl Baan oo rsl Unit Tirr Eane Wet Fans o o pooi L Dry Beni | Wit B
Cahin % 4240 IT36 b % a0 2533 Carbon %5 s aar
Erdmpm ke JH AH Hrimgm % idl a6 Hevdmpm i 330 48
Carpe o 47 TR Cvpm o HLT AT Cxrpen b 1735 B
Wi s % 4 nes Wisges 5 18 Dss Kimogsd % L5 130
Sifip % 5] (1] Sy N ALl 1111 Soifar %% | b0
fak * 1L FOAT Ash b 4 X1} ach “ 3] ol
Meee 5 E 14E Aoime 5 : ot Mairee % : 197
Terdl L 100ap | oo Tetsd LS 1900 10000 Toeed E i | soooo
WOV kg 15,450 Y g 5,500 NV kg 10,35

Composition Unit Dry Wet
Carbon % 43.94 35.38
Hydrogen % 5.16 4.17
Oxygen % 39.51 31.98
Nitrogen % 1.01 0.78
Sulfur % 0.35 0.30
Ash % 10.02 8.56
Moisture % - 18.84
Total % 100.0 100.0
NCV (Net Calorific Value) = 13,591.50 kl/kg
2.Biomass fuel combustion system
Reactants | Products
Fuel CHSNOA —>
| Combustion Chamber —> CO,, H0,N; SO,
Air 0;+376N;, >
l
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On mass basis

2.1 masdnarfBinaemamangeg

The weight of air required to burn 1 kg fuel, if the biomass fuel composition is as in above the table

1) ﬁllﬂﬁﬂﬁmﬂﬁﬁ' U4 Carbon

2) aumsmaw 1wl ¥e Hydrogen

3) aumsman 1nsf veq Sulphur

For Carbon

For Hydrogen

For Sulphur

C + 0,@in—» CO,

= 35.38/100x(32/12) =

2H, + 0,(ai)—>  2H,0
= 4.17/100x(16/2) -
S + 0,(air) —» SO,

= 0.30/100x(32/32) =

Summarized according to Table 2.1 Compute the weight of oxygen required per 100 kg of fuel

2. Combustion Products Calculation

2.1 Compute the weight of oxygen required per 100 kg of fuel

0.943

94.34

0.334

33.38

0.0030

kg

kg/100 kg of fuel

kg

kg/100 kg of fuel

kg

kg/100 kg of fuel

% by mass Molecular Weight
kmol kmol O,/kmol | kmol O, required kg O, required
Element composition (kg/kmol)
1 2] [31=111/12] [4] [51=[3] x [4] [6] = [5] x M.W.v04 O,
C 35.38 12 2.948 1.00 2.948 94.34
H 4.17 2 2.086 0.50 1.043 33.38
O 31.98 32 0.999 -1.00 -0.999 -31.98
N 0.78 28 0.028 0.00 0.000 0.00
S 0.30 32 0.009 1.00 0.009 0.30
Ash 8.56
Moisture 18.84 18 1.046 0.00 0.000 0.00
Total 100.00 7.117 3.001 96.04
9 ECE) a P A a 9 A o
Remarks - 51]@3;!?11!llﬂlﬂi]1ﬂNﬁﬂ1§’JLﬂ51$ﬁﬂQﬂﬂi$ﬂ’f]’U‘gllﬂ\il‘]!’f)!,Wﬁ\ﬁ]1ﬂW’f]\ﬂJ§]1Jﬂﬂ"li

an o a Yo &
-35mamualuaseesue ldaad

(1]
(4]

(5]
(el

Percent by mass 315124 1a11AR0aLlR1TANS
kmol O,/kmol fuam 13910

C + O,(air)—» CO,
2H, + O, (air)—» 2H,0
S + 0,(air) —>» SO,

kmol O, required = for complete combustion 310 [4]

kg O, required = [5] x M.W.484 O,

2.2 Compute the weight of air required for complete combustion

[andadaulaeifsuas o,: N, Tuerme =

Kol Molecular Weight ke/100 ke,
Data (kg/kmol)
] 2] Bl=[1]x[2] |(emsfmuan(i])

0, required 3.001 32 96.04 0, required = (3.001 x 32) = 96.04
N, required 11.291 28 316.14 N, required = (79 x3.001/21)x28=316.14

Total 412.19

Remarks
[1] kmol 0, 1#11nmse 2.1 Compute the weight of oxygen required per 100 kg of fuel : kmol O, required

v s Aa o 2 o F
N2 "lﬂi]'lﬂﬂﬂﬂﬂizﬂﬂﬂﬂlﬂ\ﬁﬂﬂ'lﬁ‘ﬂﬂ ﬂw‘luimmu 79% mmmm‘lmw

kmol U949 N, = (79x3.001/21)=11.291 kmol

kg/100 kg of fuel
kg/100 kg of fuel
21/791]
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Theoretical Air Mass

Theoretical Air Volume

4.12

3.19

(412.19/100)

(3.918/1.293)

o < = o 3
MU V=m/p:p NYUKHYN 0°C ANUAU 1 UITEIMA P=1.293 kg/m

mnfSeumsununs 1gaums

*Theoretical Air Volumes

Ao

Ao=BB9xC+26.Tx(H-0VB)+333x8

kg-air / kg-fuel

3
m /kg

Al = ((8.89 x 35.38%) + (26.7 x 4.17% - (31.98% /8 ))+(3.3 x 0.30%))/100)
= 3.15 m kg wex i 9A0 91 18 IndiRea3 T Mgy
2.3 Compute the weight of the products of combustion
% by mass kg-Oxygen /
Nitrogen Products kg Products (Wet)
Fuel Composition composition 100kg;,
[1] 2] 131 [4] [51 (eMmsmuIn [5])
C 35.38 94.34 CO, 129.71 (35.38 x (((32 x 1.00)+12)/12))
H 4.17 33.38 H,O (from H,) 37.56 (4.17 x (((32 x 0.50)+2)/2))
0o 31.98 -31.98 O, 0.00
N from Fuel 0.78 N, 0.78
N from Air 316.14 N, 316.14
S 0.30 0.30 SO, 0.61 (0.30 x (((32 x 0.00)+0)/0))
Moisture 18.84 0.00 H,0 (Moisture) 18.84 (18.84 x (((32 x 0.00)+18)/18))
Total 503.63
2.4 Convert the Flue-gas weight to volume
2.4.1 Normal Operation
Gas Temperature@ ID Fan Inlet Condition 150 °C
Excess Air 30 %
Wiasveuia 1 Tua i 0 °C A1wsy 1 U550mMa 224 L (81989 : anNZUAAQAUARA (Ideal gas) , Avogadro's Hypothesis)
Molecular Weight Volume (m3) Volume (m3) @ | Volume (ms) @ Dry flue
Product kg mole (n) % Gas by vol (Dry basis)
(g/mol) @ 0°C Wet flue gas 150°C gas 150°C
[5]=[4] x (51 (lisaw 1,0 (1,) uag
(1] [2] BI=01]/[2] [[4]1=[31x22.4 [6]=([5]/643.34) x 100
((273+150)/(273+0)) H,O (Moisture))
Co, 129.71 44 2.95 66.04 102.32 102.32 15.90
H,0 (H,) 37.56 18 2.09 46.74 72.41
N, 316.14 28 11.29 252.92 391.88 391.88 60.91
H,O (Moisture) 18.84 18 1.05 23.44 36.32
SO, 0.61 64 0.01 0.21 0.33 0.33 0.05
0, (Excess Air) 28.81 32 0.90 20.17 31.25 31.25 4.86
N, (Excess Air) 94.84 28 3.39 75.87 117.56 117.56 18.27
Total 626.51 485.38 752.08 643.34 100.00
Remarks  o5u1ewisineninmanaldaeil
[1] kg Product

1) CO, mﬂ%’ﬂu‘.a"lﬁ'mnmiw 2.3 Compute the weight of the products of combustion : kg Product Y93 Carbon

2) H,0(H,) mﬂ*ﬁ'@y_a'lﬁ' 91913 2.3 Compute the weight of the products of combustion : kg Product ¥84 Hydrogen

3)N, i’aga‘lﬁ’mnmiw 2.3 Compute the weight of the products of combustion : Nitrogen

4) H,0 (Moisture) bt au"a'lﬁ' 919151 2.3 Compute the weight of the products of combustion : kg Product Y84 Moisture

g fud
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5) SO, ﬁﬁ'@na'lﬁ'mnmiw 2.3 Compute the weight of the products of combustion : kg Product U993 Sulfur
6) O, (Excess Air) flefn 0 wmaﬂ%’“lunmm"lwuquyg iﬂﬂmin 2.2 Compute the weight of air required for complete combustion x 30% (Excess Air,

6) N, (Excess Air) flof1 N2 wmﬂ%’“lunmm"lwuquyg iﬂﬂmin 2.2 Compute the weight of air required for complete combustion x 30% (Excess Air

[2] Molecular Weight CO,, N,, H,0, SO, , O, (g/mol)

[3] 149U mole (n) = mass (kg) / Molecular Weight

[4] 1315 u0901MA 0°C latm

[5] 1BAsvee1nei 150°C

161 %Gas by vol (Dry Basis) A lefidudlavtuasveanda Taolifamanuidu (Dry basis)

Flue-gas weight to volume

Gvol - 75208 m’/100ke fuel wetbasis 71 150°C
= 643.34 m3/100kg fuel dry basis (102.32 +391.88 +0.33 +31.25 + 117.56)
Flue gas density = 0.833 kg/m3 wet basis (626.51/752.08)

Fuel Required and Gas Flow Rate

Parameter Symbol Calculation Value Unit
Steam Temp. Generate Tout Specification 515.00 °C
Steam Pressure generate Pout Specification 73.00 barg
Steam Enthalpy hout Steam Table 3,444.00 kl/kg
Feedwater Temp Tfw Measured Data 172.80 °C
Feedwater Enthalpy hfw Steam Table 735.00 kl/kg
Ash in fuel a Data 8.56 % @nradnsIzielfians)
Fuel NCV (wet basis) NCV Biomass Data 13,591.50 kJ/kg
%Unburn loss in Carbon %c Ref : Data 1.00 %

9%Unburn loss in Carbon Ain M3 Tntl liauysal #unaniveunaunaes (Unburned carbon)

' < 5 a o < A o A
Ref : f]ll@ﬂ'lilWill/i&’ﬁWﬁﬂ?W?i\i lh¥awaaviadnun (VSPP), ﬂiﬂ?ﬁﬂ@?%@ﬁﬁ"lﬁﬂiﬁl. NUNATIN ] :

FUIAN 2561

Boiler Capacity TPH Specification 100.00 T/H
Boiler kW Qin TPH*(hout-hfw) |  75,250.00 kW [ (100 x 1,000/60/60) x (3,444-735) ]
Boiler Efficiency eff Data 90.00 Design data (%’agamné’wﬁm)
Fuel Required mf Qin/eff/NCV 6.15 kg/s [75,250/0.90/ 13,592 ]
Calculated Gas Flow Rate@ID Fan Inlet Condition Gvol*mf/100 46.27 m3/s Wet basis [752x6.15/100 ]
Gas Flow Rate Calculation (Wet basis)

Calculated Gas Flow Rate@ID Fan Inlet Condition = 46.27 m3/s

*Air-heater leakage 5% of Gas Flow = 2.31 ms/s

*Furnace air leakage 5% of Gas Flow = 2.31 m3/s

Safety Factor 15% of Gas Flow = 6.94 ms/s

Total Gas Flow@blower Inlet Condition = 57.83 m3/s

a  Jaa

v !
*Ref - SN Toyannmsauszyunie lo voa Uiy ingwons lausaeumed s1ria

2.4.2 Base on 7% O,

Flue Gas Temperature 150 °C

Excess Air 50 %

Lo C oo d v ' : . f
(@nAsaneuoIMAgIAUN 30% U5y 50% e 1i 1dan1zi 7% 0, amdeuaiiion a1 Emissions)

Wuasveada 1 Tua 7 0°C Audn 1 ussene 224 L

(Egl"liaﬁ : ﬁﬂ‘I’JS’,lLﬁvﬁQﬂmﬂa (Ideal gas) , Avogadro's Hypothesis)
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Molecular Weight Volume (m3) Volume (ms) @ | Volume (ms) @ Dry flue
Product kg mole (n) % Gas by vol (Dry basis)
(g/mol) @ 0°C Wet flue gas 150°C gas 150°C
[5] = [4] x (51 (lisaw 1,0 (1,) uag
(1 [2] B1=[11/12] |[41=[3]x22.4 [6]=([5]/742.55) x 100
((273+150)/(273+0)) H,O (Moisture))
CO, 129.71 44 2.95 66.04 102.32 102.32 13.78
H,0 (H,) 37.56 18 2.09 46.74 72.41
N, 316.14 28 11.29 252.92 391.88 391.88 52.77
H,0 (Moisture) 18.84 18 1.05 23.44 36.32
SO, 0.61 64 0.01 0.21 0.33 0.33 0.04
0, (Excess Air) 48.02 32 1.50 33.62 52.09 52.09 7.01
N, (Excess Air) 158.07 28 5.65 126.46 195.94 195.94 26.39
Total 708.95 851.29 742.55 100.00
Remark  ©3U10W1515A03A199 MWA131971 2.4.1 Normal Operation
Flue-gas weight to volume
Gvol - 851.29 m’/100kg fuel wet basis # 150°C
= 742.55 mS/IOOkg fuel dry basis (102.324391.88+0.33+52.09+195.94)
= 52312 Nm'/100kgfuel dry basis il 25°C
Flue gas density = 0.833 kg/m3 wet basis (708.95 / 851.29)
Fuel Required and Gas Flow Rate
Parameter Symbol Calculation Value Unit
Steam Temp. Generate Tout Specification 515.00 °C
Steam Pressure generate Pout Specification 73.00 barg
Steam Enthalpy hout Steam Table 3,444.00 kl/kg
Feedwater Temp Tfw Measured Data 172.80 °C
Feedwater Enthalpy hfw Steam Table 735.00 kl/kg
Ash in fuel a Data 8.56 %
Fuel NCV (wet basis) NCV Biomass Data 13,591.50 kl/kg
%Unburn loss in Carbon Y%c Ref': Data 1.00 %
Boiler Capacity TPH Specification 100.00 T/H
Boiler kW Qin TPH*(hout-hfw) 75,250.00 kW ((100 x 1,000/60/60) x (3,444-735))
Boiler Efficiency eff Data 90.00 (Design data)
Fuel Required mf Qin/eff/NCV 6.15 kg/s (75,250/0.90/13,592)
Calculated Gas Flow Rate@]ID Fan Inlet Condition Gvol*mf/100 52.37 m3/s Wet basis [851x6.15/100]
45.68 m /s Dry basis [ 743 x 52.37/100 ]
Gas Flow Rate Calculation Wet Basis Dry Basis
Calculated Gas Flow Rate@]ID Fan Inlet Condition = 52.37 mB/s 45.68 m3/s
*Air-heater leakage 5% of Gas Flow = 2.62 m3/s 2.28 m3/s
*Furnace air leakage 5% of Gas Flow = 2.62 1n3/s 2.28 mg/s
Safety Factor 15% of Gas Flow = 7.86 m3/s 6.85 m3/s
Total Gas Flow@blower Inlet Condition = 65.46 m3/s 57.10 m3/s ﬁ 150°C
Total Gas Flow at 25 °C = 46.12 ml/s 40.23 m /s t||
* Ref: dndatloyannmmAuszyunio lowi vos u3e indwsas laviaweumed 519a &ﬂ
L=



2.5 Total Ash Amount

Ash content in biomass fuel

Unburned Loss from biomass fuel

Biomass fuel consumption

Total ash amount

2.5.1 Dust Concentration at Normal Operation
Fly ash ratio

Fly ash amount

Dry flue gas flow

Dust concentration from furnace at normal operation

2.5.2 Ash Retaining on Boiler Tube
Ash retaining ratio

Ash retaining amount per hour

Ash retaining amount per day

2.5.3 Dust Concentration at Soot Blowing Period
Number of Soot blowing

Soot blowing time

Soot blowing time

Dust concentration from retaining ash

Dust concentration at soot blowing period

2.5.4 Particulate Emission at Normal Operation
Gravity ash correcting ratio at Boiler bank tube area

Dust concentration at Boiler outlet flue gas

Gravity ash correcting ratio at Air preheater hopper
Dust concentration at Multi-Cyclone&ESP inlet flue gas
Ash correcting efficiency at Multi-Cyclone

Dust concentration at Multi-Cyclone outlet flue gas

10.02 wt% at dry basis

8.56 wt% at wet basis
1.00 Wt% at wet basis (ﬁmﬁ“lﬁiﬁﬁmhﬁé’wamuaﬂma% (Takuma's 1U211))
6.15 kg/s
22,146.19  kg/h [6.15x60x 60 ]
Fuel consumption x [ Ash% (wet) + Unburned loss% (wet) ]
2,116.37 kg/h [22,146.19 x 8.56% + 1%) ]
60.00 wt% (TAKUMA's experience number)

Total ash amount x Fly ash ratio

1,269.82  kg/h [2,116.37 x 60.00% ]
205,559.29  m’/h (150°C) [57.10x 60 x 60 ]
144,814.82  m /h (25°C) [40.23 x 60 x 60 ]

(Fly ash amount / Dry flue gas flow) x 1,000
8.77 g/ng(dry) [ 1,269.82 /144,814.82 x 1,000 ]

8,768.59  mg/Nm’(dry) [8.77x 1,000

1.50 wt% (TAKUMA's experience number)
Fly ash amount x Ash retaining ratio%

19.05 kg/h [1,269.82 x 1.50 % ]
Ash retaining amount per hour x 24 hour

457.14  kg/day [19.05x24]

2.00 times/day
0.50 hour/time
1.00 hour/day [0.50x2]
Ash retaining amount per day x Soot blowing time / Dry flue gas flow x 1,000

316 Nm'(dry) [ (457.14/1.00) / 144,814.82 x 1,000 ]

3,156.69  mg/Nm'(dry) [3.16x1,000]
1193 o/Nm'(dry) [8.77+3.16]
11,925.29  mg/Nm (dry) [ 11.93 x 1,000 ]
10.00 % (TAKUMA's experience number)

Dust concentration from furnace at nornal operation x (100% - 10%)
789 o/Nm'(dry) [8.77x(1-0.10)]
15.00 % (TAKUMA's experience number)
6.71 g/Nm'(dry, 0, =7%) [7.89x (1-0.15)]
60.67 % [ From TABLE : EFFICIENCY OF CYCLONE ]

Dust concentration at Multi-Cyclone&ESP inlet flue gas x (100% - Multi Cyclone Eff%:ti

L=—
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Ash correcting efficiency at ESP =

Dust concentration at ESP outlet flue gas =

2.5.5 Particulate Emission at Sootblowing Period

Gravity ash correcting ratio at Boiler bank tube area =
Dust concentration at Boiler outlet flue gas =
Dust concentration at Boiler outlet flue gas =

Gravity ash correcting ratio at Air preheater hopper =

Dust concentration at Multi-Cyclone&ESP inlet flue gas
Ash correcting efficiency at Multi-Cyclone =

Dust concentration at Multi-Cyclone outlet flue gas =

Ash correcting efficiency at ESP =

Dust concentration at ESP outlet flue gas =

*Guaranteed Particulate emission value <

SUMMARY
TSP at Normal Operation =

TSP at Soot Blow Operation =

3. NOx Emission Calculation
3.1 Fuel NOx
Max.Temp. of Combustion Chamber =

Fuel Required =

N-Component in fuel =
NOx Conversion Rate =
Ref : (R.Salzmann, T.Nussbaumer, Energy & Fuels 2001, 15 575-582)

NOx Production =

Fuel Gas Flow Rate =

NOx Concentration =

3.2 Thermal NOx
NOx Production

Ref : (R.Salzmann, T.Nussbaumer, Energy & Fuels 2001, 15 575-582)

3
2,638.51  mg/Nm (dry basis, 25°C, 1 atm 7% O,) [6.71x (1 -60.67 %) x 1,000 ]
97.16 % [ From 4.1.9) ESP Efficiency ]
Dust concentration at Multi-Cyclone outlet flue gas x (100% - ESP Eff%)

7501 mg/Nm (dry basis, 25°C, 1 atm 7% O,) [2,638.51 x (1-97.16 %) ]

10.00 % (TAKUMA's experience number)
Dust concentration at soot blowing period x (100% - 10%)
1073 g/Nm'(dry) [11.93x(1-0.10)]
15.00 % (TAKUMA's experience number)
9.12  g/Nm'(dry,0,=7%) [10.73x(1-0.15)]
60.67 % [ From TABLE : EFFICIENCY OF CYCLONE ]
Dust concentration at Multi-Cyclone&ESP inlet flue gas x (100% - Multi Cyclone Eff%)
3,58837  mg/Nm (dry basis, 25°C, 1 atm 7% O,) [9.12x (1 - 60.67 %) x 1,000 ]
97.16 % [ From 4.1.9) ESP Efficiency ]
Dust concentration at Multi-Cyclone outlet flue gas x (100% - ESP Eff%)
10201 mg/Nm'(dry basis, 25°C, 1 atm 7% O,) [3,588.37 x (1-97.16 %) |

120.00 mg/N ms(dry basis, 25°C, 1 atm 7% O,)

75.01 mg/Nms(dry basis, 25°C, 1 atm 7% O,)
10201 mgNm'(dry basis, 25°C, 1 atm 7% O,)

900.00 °C
6.15 kg/s
22,146.19 kg/h [6.15x60x 60 ]
0.78 %by weight
10 %

(22,146.19 kg/hr x 0.78% x 10% ) x 46 / 14
54.77 kg/hr as NO,
3
40.23 m /s

14481482 Nm'h (7%, 0,,25°C)  [40.23x60x60]

(NOx Kg/hr) / Flue Gas Flow Rate (Nm3/h)

(54.77 / 144,814.82) x 106

378.18 mg/Nm' as NO,

negligible (Because of low combustion temperature)

)
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3.3 Prompt NOx

NOx Production

Ref': (R.Salzmann, T.Nussbaumer, Energy & Fuels 2001, 15 575-582)

3.4 NOx Emission
NOx Emission form Boiler

NOx Reduction by Boiler Function as Air Staging

negligible (Because of low combustion temperature)
3
= 378.18 mg/Nm as NO,
= 20.00 %

Ref : Nussbaumer. T. Primary and secondary measures for Nox reduction in Biomass combustion. In Developments in Thermochemical Biomass Conversion ; Blackie

Academic and Professinal : London. UK.. 1997.
NOx Emission form Boiler

Concentration (ppm)

Limited NOx

4. SO, Emission Calculation
4.1 Fuel SOx

Fuel Required

S-Component in fuel

SO, Conversion Rate

- 302.54 mg/Nm as NO,
= 24.45 x Concentration (mg/mZ) / Molecular weight (NO,)

= (24.45x302.54) /46

= 160.81 ppm (7%, 0,, 25°C)
= 200.00 ppm ....0.K.

= 6.15 keg/s

= 22,146.19 kg/h [6.15x60x 60 ]
= 0.30 % by weight

= 13 %

Ref : Emission factors and evolution of SO2 measured from biomass burning in wildfires and agricultural fires. Pamela S., R. et al. Atmospheric Chemistry and Physics.

Copernicus Publications, Katlenburg-Lindau, Germany, 22:15603-15620, (2022).

vnaumsmamn T S + 0,(air)

32 + 32

SO, Production

Flue Gas Flow Rate

4.2 SOx Emission

SO, Concentration

Concentration (ppm)

Limited SOx as SO,

v

SO,
64

= (22,146.19 kg/h x 0.30% x 13% ) x 64/32

= 17.07 kg/hr

= 40.23 m s

= 14481482 Nm'/h(7%,0,25°C)  [40.23x60x60]

= (SO, Kg/h) / Flue Gas Flow rate (Nm3/h)

= 17.07 / 144,814.82 x 1076

= 125.61 mg/Nm'

= 24.45 x Concentration (mg/mZ) / Molecular weight (SO,)

= (24.45x 125.61) /64
= 47.99 ppm (7%, 0, 25°C)
= 60.00 ppm ...0.K.

)
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PROJECT DESIGN : 100 TPH BOILER AIR POLLUTION CONTROL
FUEL : Mixed Fuel (o 70 %, 15§ 20 %, nghuilss 10 %)
V3 fingians lawsaeuved $1in
amufidalnsems v‘immjﬂw?; BUNBATINIUHY JIHIANINS
AIR POLLUTION CONTROL DESIGN CALCULATION

MULTI CYCLONE & ELECTROSTATIC PRECIPITATORS (ESP)

1.DESIGN CONDITIONS

3

1) Total Gas Flow Rate (Q) = 65.46 m /s

235,660.01 m /hr
2) Temperature of Inlet Gas (T) = 150.00 °C

3) Density of Inlet Gas ( pg) = 0.82 kg/m3
4) Kinematic Viscosity (V) = 29.26 1076 mz/s

5) Viscosity of Inlet Gas ( LL)

2.41E-05 kg/(m.sec)

3
6) Density of Bagssse Ash (D) = 1,200.00 kg/m
2. PARTICLE SIZE DISTRIBUTION
' o ' A ax s A o o H A s ot o o '
fﬂﬁﬂﬁ3ﬁﬂﬂﬂ]uﬂlﬂﬂ]ﬂ\iduag'E]f’]\‘11]Naﬁf’)ﬂ1§!aﬂﬂ3‘ﬁﬂ1§Llﬁ3@ﬂﬂ§mlw@u1ﬂﬂﬂuagﬂ@\iuu€] Lu'f]@5]Tﬂ@l]ﬂiﬂ!LlﬂagQl]ﬂiﬂ!Nﬂ?1ﬂﬁ1u1iﬂﬁluﬂ1iﬂ1ﬂﬂduqu
=N ) o | A o A ) S o w1 72 Y v Y o PR
MmNy i]\iﬁf)\?Vnﬂ'ﬁﬁiﬁﬂ]ﬂﬂ'ﬁﬂﬁzﬂ']ﬂmu‘]ﬂﬂlENFJuﬁngfN LW@uT”lﬂLﬂ@ﬂi%qﬂﬂﬁmU1UﬂFJu Lla§ﬂlu1ﬂﬂlf]ﬂ@ﬂﬂ5muu“’] GLWQﬂﬂ@QLLﬁgﬂﬁﬂﬂﬁ@\iﬂUﬂWTU']Uﬂ

y {a I’
ﬂuﬁ%ﬂﬂ@ﬂ"lllﬂﬁ ﬂiz%1ﬂmu"lﬂ‘ﬁ?llﬂi"l§1’i]lﬁ}

Size Category | Midpoint
Number of Particles, n %Frequency Cum. %Frequency
(Km) (Lm)

0-5 2.5 250 13.52 13.52
5-10 7.5 463 25.04 38.56
10-20 15 419 22.66 61.22
20-170 45 336 18.17 79.39
70 - 140 105 185 10.01 89.40
140 - 250 195 114 6.17 95.57
250 - 400 325 61 3.30 98.86
400 - 650 525 21 1.14 100.00

Total 1,849 100.00

Ref : Bagasse Data from of Mitr Kalasin Sugar Co., Ltd., 2006. (Data Form Mr.Chatchaval Aiyathiti)
3. MASS RATIO (W) of Particle
VHIAUBIDUNA (Partical Size)
1 Y

J o { o o A | ' o .
lumiaamm‘uqﬂﬂimﬂﬂ AU m@y‘aﬁﬁ'l ﬂgﬁqwﬁamummmaumﬂw’d‘mﬂu ANUUNIYUDIVUIAVDIDUN A ﬁiJ']fJﬁ\i Lﬁ’umuﬁuﬂnan (Diameter) 1uﬂiﬁ

4 2 ' & ~ ' ' o ¥ Ay 19 o & g i . = o
ﬂ@lélﬂ1ﬂ!,ﬂu1/]iﬂﬂﬁll LLG]T@ﬂﬂiqﬂﬂlélﬂ1ﬂﬂgﬂﬁﬂ’mw®mﬂ HUDNINNIINAY ﬂﬂuuﬂiélﬂ1ﬂﬂhlﬂﬁlﬂm5\1ﬂﬁllllﬂ‘ﬂﬂﬂsllu1ﬂmﬂuEqulvalent Diameter lagtiguny

)
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Equivalent Volume Diameter (De) Dc(60L / T[Z)]/3
Dc = Dia. Of Equal Area Circle
o = Volume Shape Factor = 0.24*
Aerodynamic Diameter (Da) iHuidurguénarsveansanauiiianumumiu 1 nu de av.sw. uaziinnudanlueimenhsuveseynin

Y
' L ‘o ] , ° )
A1 Aerodynamic Diameter %u’ﬂgﬂﬂﬂllﬂﬂﬂlﬂﬂﬂ%}ﬂ?ﬂ 3ﬂiN HAZANNVUIUUYDIDUNIA ﬂ1u3mhlﬂﬁ]1ﬂﬁllﬂﬁ

112
Aerodynamic Diameter (Da) De(PTT/ Pde)

pd

X = Dynamic Shape Factor = 1.11*

Water Density = 1,000 kg/m3

Ref * : Hinds C.W. Aerosal Technology , 2nd, John Wiley & Sons, 1999.

Size Category | Midsize Number of g 3 Mass Ratio
De Da n,Da; TCPn.Da, /6

(Hbm) (Hm) Particle (n) M (%)
0-5 2.5 250 1.93 2.11 2.35E-15 1.48E-12 0.0001
5-10 7.5 463 5.78 6.33 1.18E-13 7.39E-11 0.003
10-20 15.0 419 11.57 12.67 8.52E-13 5.35E-10 0.023
20-70 45.0 336 34.70 38.01 1.84E-11 1.16E-08 0.492
70 - 140 105.0 185 80.96 88.69 1.29E-10 8.11E-08 3.441
140 - 250 195.0 114 150.35 164.70 5.09E-10 3.20E-07 13.580
250 - 400 325.0 61 250.58 274.50 1.26E-09 7.93E-07 33.642
400 - 650 525.0 21 404.79 443.43 1.83E-09 1.15E-06 48.820
Total 1,849 3.75E-09 2.36E-06 100.00

4.AIR POLLUTION CONTROL SYSTEM
Above Pollutant Condition, We Selected Air Pollution Control Devices as:
1) Multi Cyclone to Collect The Most Big Particulate from Exhaust Gas Before Flow Though Next Device by Dynamic Machanism.
2) ESP to Collect the Small Particulate from Exhaust Gas Before Flow Though Stack by Electrostatic Field.
Details of Air pollution control devices & Performance
4.1) MULTI CYCLONE
3 - a A4 oo ¢ o o = a 4 ‘;
vl"’]fiﬂﬁuL‘lJHQIJﬂiﬂIﬂ'J‘UﬂlliJﬁW‘H1/I'Nf]Wﬂ']ﬁslfuﬂf]1§ﬂWﬂVIBW?fﬂﬁﬁﬂﬂTiWNﬂﬁ?ﬂﬁﬁi (Mechanical) f]']ﬂflﬂﬁﬂﬂﬁqﬂlﬂﬁﬂuﬂﬁﬂﬁﬂ'ﬁmﬁﬂu‘ﬂ
W A 9 9\ ~ o o0 q.¥ = Yo a a 9y 1 = ° ]
maﬂmmﬂﬂammﬂﬂiu"lﬂﬂauqlwhlwmumﬂummmmmm Iﬂfﬂ/ﬂElﬁﬂléﬂTﬂﬂ!leJ'Juﬁ‘ﬂvaI,ﬂi‘]Jﬁﬂ‘ﬁ‘wﬁN1ﬂ1ﬂL!iQqu0'N‘IJ'€NIﬁﬂ IHUHIIULIIURNDY
o | = a 4 A 3 o a g
uaz Tumuduvesulfndsuianimsmasuianuuuduase (Linear motion) lilunnuaunundusowds (Circular motion) v 1l g
P o o v A Ay o1a o o A = o B A =
‘Viuf[uﬂﬂﬁT\i NaﬂPJuGl‘ﬂ!.‘ﬂuf)@ﬂ%1ﬂLLuTﬂJf’J\‘lﬂi&’LLﬁﬂTi!ﬂﬁ'ﬂu“ﬂﬂﬂgﬂi!'}mwuﬂl‘l“ﬁiﬂau ﬂZ“ﬂ&Lu?NuﬂlﬂﬂﬂTiqﬂJlﬁﬂWﬁ\NTU%ﬁuﬁluﬂTﬂﬂﬂ‘ﬂuVI
o q.¥ ' o oy A A, o o £ 4 Y Yo . ' v ]
1/n°l1»rmgmﬂﬁﬂmgmwu:'iEN':"uvJummamwauﬂﬂmwmma‘lﬂ Glmjmz‘vmizL!,ffammﬂmummandumamuaamm’; "ﬂzgﬂﬂﬁﬂﬂﬁlﬂﬂiﬂﬂ
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mseenuuylalnay
Y o R = A o = a a a '
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Flow of Exhaust Gas (Q,,) = 65.46 m/s

Number of Multi Cyclone = 80.00 Unit
Flow of Exhaust Gas per Cyclone (Q) = 0.82 ms/ s
Q = AV
Minimum Velocity in Cyclone (vg) = 15 m/s
Area of Inlet Cyclone Require (A,,) = 0.055 m’
Standard Dimention of Stairmand High Throughput Cyclone o,
w =
e .
Body Diameter (D/D) = 1.00 m/m "' P
Height of Inlet (H//D) = 080  m/m |4 L
Width of Tnlet (WD) = 035  m/m [
Diameter of Gas Exit (D /D) = 0.75 m/m \ J ‘
\ /
Length of Vortex Finder (S/D) = 0.85 m/m Ivv l" ‘.4
Length of Body (L,/D) = 1.70 m/m \ ( |
Length of Cone (L /D) = 2.00 m/m ‘::J
Diameter of Dust Outlet (D /D) = 0.40 m/m v

Ref: C. David Cooper and F.C. Alley. Air Pollution Control a Design Approach. 3rd ed. Illinois: Waveland Press, Inc., 2002

4.1.1) Calculation Area of Inlet Cyclone

Body Diameter (D) = 0.40 m.
Height of Inlet (H) = 0.32 m
Width of Inlet (W) = 0.14 m
Diameter of Gas Exit (D,) = 0.30 m.
Length of Vortex Finder (S) = 0.34 m.
Length of Body (L,) = 0.68 m.
Length of Cone (L,) = 0.80 m.
Diameter of Dust Outlet (D) = 0.16 m.
Thus,
Area of Inlet Cyclone = 9 ((]3/2)2 -(D/ 2)2)
2
A, = 0055 m
A, > 0.055 m2 v NO

4.1.2) Calculation Cutoff Diameter (d,,)
Usgansmnvedlalnan

v a

= ad o a a vl o A lllﬁ)d @ o 0 q¥a = o = =t o
cl,‘LlfﬂiﬂﬂHTWLﬂﬂ]ﬂﬂﬂﬁ%ﬁ‘ﬂﬁﬂ1WﬂJﬂﬂ %IﬂﬁuiuﬂﬂﬂWWW‘l‘lNT ANUUNIIVYIUIUNIN ‘Vncl,‘ﬂ!ﬂﬂ“ﬂE]H{]!!ﬁglLﬂﬂ‘ﬂ1ﬂﬂﬂﬂ1’iﬁ1ﬂWﬁ1ﬂ Iﬂﬂﬂq}l{]ﬂWiﬂTu’Jm

a7tz 1975v04 Lapple Model (1951)
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4.1.2) Calculation Cutoff Diameter (d_)

Cutoff Diameter (dpc) = oUW
2Ne(P,—P g)Vg

V1 = ANWHIAYPIDIMA (Dynamic viscosity) 1128 A lanSuaomuas-1u1i

w = anundtuvesnemainlylnau v was

v, = anuBiaunemad (nlet velocity) 1128 WATHOIUTN

Py = anuvuuiudy (Particle density) w11 flansudegnuinfiuag

P, = ANUMUNLIUDINS (Air density) M0 A TansuregnNARIAS

Ne = SwousevvesmsvyululyTnau wie sou

Number of Core (N,) = 2

Cutoff Diameter (dpc) = IUW

2N(P, =P,

d,. = 11.14 Hm
TABLE : EFFICIENCY OF CYCLONE
Size Category | Midsize Number of nj mj njmj Emission
dp,,,/d, nj Penetration

(HLm) (Lbm) particle (n) (%) (%) (%) No.of Particles (n) Mass (g)
0-5 2.5 250 0.22 0.05 4.80 13.52 0.65 0.952 238 1.41E-09
5-10 7.5 463 5.78 0.31 31.21 25.04 7.81 0.688 318 5.08E-08
10-20 15.0 419 11.57 0.64 64.47 22.66 14.61 0.355 148 1.89E-07
20-70 45.0 336 34.70 0.94 94.23 18.17 17.12 0.058 19 6.56E-07
70 - 140 105.0 185 80.96 0.99 98.89 10.01 9.89 0.011 2 8.77E-07
140 - 250 195.0 114 150.35 1.00 99.67 6.17 6.15 0.003 0 0.00E+00
250 - 400 325.0 61 250.58 1.00 99.88 3.30 3.30 0.001 0 0.00E+00
400 - 650 525.0 21 404.79 1.00 99.96 1.14 1.14 0.000 0 0.00E+00
Total 1,849 100.00 60.67 725.00 1.77E-06

Particle Removal Efficiency of Multi Cyclone = 60.67 %

W
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4.2) ELECTROSTATIC PRECIPITATORS (ESP)
wsesandunun Tihadad duniesdenldus o Iwihlumsuenouniasennnanszuamalasiivanns Ae Tdiszy lvhlueyaa udueymaniilsz

a 2 4 ! 2 "] & Ao o o a a <
T I lwau Iihadad eynamariivzmaeuidmgninuuunsuiuFaisnd ldvhassiudusuveseynia Esp Hlszansnmmgalumsnueynindu
Aa 5 ' & a a8 a = A ' v q9 ' ' A '
ntvnaanna 1 luaseu Tasma Tdfisz@nsnmda 99.5% wiegand Tagiiuly ESP edraunsnarslumsniuguuaiye1Maved159149ATIHT TN
' 3 =
Tdun Tsalvlih waznide'ler (Boiler) iWhudu

4.1.1) Design Parameters

Parameter Range
Drift Velocity, w, 1.0 - 10 m/min
Chanal Width, D 15-40 cm
Specific Collection Area, SCA 0.25-2.1 mz/(mz/min)
Gas Velocity, u 1.2-2.5m/s
Aspect Ratio, R 0.5-1.5
Corona Power Ratio, Pc/Q 1.75-17.5 W/(m3/min)
Plate Area per Electrical Sections, Ns 460 - 7400 m’
a. In the Direction of Gas Flow 2-8
b.Total 1 - 10 bus sections/(1,000 ms/min)

Ref. : C.David Cooper and F.C. Alley, Air Pollution Control : A design Approach, Waveland Press, Inc., 1990.

4.1.2) Design Parameters

Plate Height, H = 10.0 m.
Plate Long, Lp = 8.0 m.
Channel Width, D = 40.00 cm
Gas Velocity, u = 2.50 m/s
Aspect Ratio, R = 1.25

= a o . ¥ o a a 4 .
4.1.3) Number of Duct,(Nd) Duct 3® Bus Duct iumadu llihd i it lwihadad ileusneyniaduesnainnszuaig

Nd = Q/uxDxH
Total Gas Flow Rate (Q) = 65.46 mS/s
Gas Velocity, u = 2.50 m/s
Channel Width, D = 40.00 cm
Plate Height, H = 10.00 m.
Nd = 65.46 /(2.50 x 40.00 x 10.00)
= 6.55 Ducts
Choose Ns = 7.00 Ducts

a a Ed o o 4 o ' g
4.1.4) Number of Section, Ns 1Js2anTAIMUea ESP VYHOYNVIIUIU Section ‘Vidiﬂ Field Lﬂ%i’N ESP sinueeonilunaile Bus Section ‘Vi%@ Field
Tuidiag Bus Section 9¢1 Transformer - Rectifier Set YB4A304 10U UUUIA Power Supply IHmingavdmividazan1izmsauasedlu ESP

Ns

RxH/Lp

Aspect Ratio, R = 1.25

Plate Height, H = 10.00 m. :

g fus
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Plate Long, Lp = 8.00 m.
Ns = (1.25x 10/ 8.00)
= 1.56 Sections
Choose Ns = 2.00 Sections
. A A4 g - P} =
4.1.5) Actual Collection Area, As A9 WUAVBIUHWAUAY (Plate) Navualuanmldanuaia
As = 2xHxLpxNsxNd

As

2 x 10.00 x (8.00 x 2.00 x 7.00)
2
= 2,240.00 m
4.1.6) Specific Collection Area, SCA A0 8AT1AIUVDINUNAIVOUHIAY (Collection Plate) Apdai1m3 lnaveamaruaied ESP luaninld
AT agueaasluauns
Specific Collection Area, SCA = AIQ
= 2,240/ 65.46 x 60
23
= 0.57 m /(m /min)
(In The Range of Design Parameter)
4.1.7) Plate Area per Electrical Set = As/Ns
= 2,240 /2.00
2
= 1,120.00 m
(In The Range of Design Parameter)
4.1.8) Drift Velocity, w,
-18 2
w = (6.64x10 )E /|
E = Average Electric field, V/m
= 4,300.00 V/m
d = Particle Diameter, mm
4.1.9) ESP Efficiency

aumshianiumnlumsunlsz@ninmveunsos ESP Avaun15uea Matts-Ohnfield %4 lddau/asaun1svee Deutsch Anderson Taons 14

v
Y '

A1 K Factor #a0aAaug 0.4 - 0.6 aanaaalueums

Use Matts-Ohnfeldt equation and k = 0.5

n = 1-exp (-weA/Q)Q5
Size Category | Midsize No. of Mass We Collection eff. Efficiency
Da Penetration Emission
(Wm) (Llm) Particle (n) (2 (m/s) (‘r]) (%) No.of Particles (n) Mass (g)
0-5 2.5 250.0 2.1 1.48E-09 0.108 0.60 0.398 0.123 99 6.26E-10
5-10 7.5 463.0 6.3 2.74E-09 0.323 0.94 0.063 0.547 29 1.83E-10
10-20 15.0 419.0 12.7 2.48E-09 0.646 1.00 0.004 0.012 1 0.00
20-70 45.0 336.0 38.0 1.99E-09 1.939 1.00 0.000 3.689 0 0.00
70 - 140 105.0 185.0 88.7 1.09E-09 4.524 1.00 0.000 8.607 0 0.00
140 - 250 195.0 114.0 164.7 6.74E-10 8.401 1.00 0.000 15.984 0 0.00
250 - 400 325.0 61.0 274.5 3.61E-10 14.001 1.00 0.000 26.639 0 0.00
400 - 650 525.0 21.0 443.4 1.24E-10 22.618 1.00 0.000 43.033 0 0.00
Total 1,849 1.09E-08 52.56 98.63 129 8.12E-1F

)
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In This Case, It is Assumed That the Particle Removal Efficiency Lossed 1.5% (from Factors of Operation)

Particle Removal Efficiency of ESP 98.63 x (0.985)

I
o

7.1

N

Y%
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PROJECT : 100 TPH FIRING BOILER AIR POLLUTION CONTROL

av a Jd

U3 HM indidas lausaeimued 1ia
amuiiaalasams muanadng suneazuiiu daitaiidns
AIR POLLUTANTS EMISSION CALCULATION FOR 100 TPH BOILER

FUEL : Mixed Fuel (ludog 70 %, upav 30% )

¢ A
1. ﬂ'|§Tﬂf‘Nﬂﬂi%ﬂf’)'ﬂsﬂﬂﬁ!Vﬂ!waﬂ’lﬂu?ﬁwau

Material Balance Mix fuel ratio (Judog 70 %, 15i&u 30 %)

1, iz nauvadudan 2. (AR Y
i g 0 el Lt Dy Basls Wl Basks T omapeaent Lnlg Tkry Basis Wl Basis
T ool Ta 42,40 3736 C oo e 451.91 I7.2Z5
Hyvdrogen % 3.4 1.4 Hydrogen *a 4.90 4.35
RV e E 30,47 34.78 Omvges 5, 1665 1157
Muogen a 0.77 .58 Matrogen By Q5T 0.5
Sulfir a 044 039 §wlfar & a.04 04
Agh Ta 11.58 1047 Ash e 1593 1406
hicisnze e e 1158 hfiaizmne Ey 2 iL.43
Toead E 100,00 10000 Taml 5, 100,080 100,00
WOV klkg 15480 W kikg 13,500
¥
Composition Unit Dry Wet
Carbon % 42.25 37.33
Hydrogen % 5.00 4.42
Oxygen % 38.62 34.12
Nitrogen % 0.71 0.63
Sulfur % 0.32 0.28
Ash % 13.10 11.58
Moisture % - 11.66
Total % 100.0 100.0
NCV (Net Calorific Value) = 14,886.00 kJ/kg
2.Biomass fuel combustion system
Reactants [ Products
Fuel CHSNOA —>
| Combustion Chamber —>  CO, H,ON; SO,
Air 0; + 3.76N; >
|
g fush
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On mass basis

° =}
2.1 m‘;ﬂmammﬂ‘%mmmmﬂquyg
The weight of air required to burn 1 kg fuel, if the biomass fuel composition is as in above the table
1) aumamsen Tnif 94 Carbon C + 0,@in—» CO,
37.33/100x(32/12) =

For Carbon =

2) aumsmsien sl ¥e Hydrogen 2H, + O,(ai)—>  2H,0

For Hydrogen = 4.42/100x(16/2) =
3) aunsmsien lnsf vea Sulphur S + O,(ai) —» SO,

For Sulphur = 0.28/100x(32/32) =

Summarized according to Table 2.1 Compute the weight of oxygen required per 100 kg of fuel

2. Combustion Products Calculation

2.1 Compute the weight of oxygen required per 100 kg of fuel

0.995

99.54

0.353

35.32

0.0028

0.28

% by mass Molecular Weight
kmol kmol O,/kmol | kmol O, required kg O, required
Element composition (kg/kmol)
1 2] [31=111/12] [4] [51=[3] x [4] [6] = [5] x M.W.v04 O,
C 37.33 12 3.111 1.00 3.111 99.54
H 4.42 2 2.208 0.50 1.104 35.32
O 34.12 32 1.066 -1.00 -1.066 -34.12
N 0.63 28 0.022 0.00 0.000 0.00
S 0.28 32 0.009 1.00 0.009 0.28
Ash 11.58
Moisture 11.66 18 0.648 0.00 0.000 0.00
Total 100.00 7.063 3.157 101.03
9 ECE) a P A a 9 A o
Remarks - 51]@3;!?11!llﬂlﬂi]1ﬂNﬁﬂ1§’JLﬂ51$ﬁﬂQﬂﬂi$ﬂ’f]’U‘gllﬂ\il‘]!’f)!,Wﬁ\ﬁ]1ﬂW’f]\ﬂJ§]1Jﬂﬂ"li

Fmsdnalumseesing Idail
[1]  Percent by mass AATILH Ian1nroatlfiians
[4] kmol O,/kmol f1uans 189N
C + O,(air)—» CO,
2H, + O, (air)—» 2H,0
S + 0,(air) —>» SO,
[5] kmol O, required = for complete combustion 310 [4]
[6] kg O, required = [5] x M.W.484 O,

2.2 Compute the weight of air required for complete combustion

Kol Molecular Weight ke/100 ke,
Data (kg/kmol)
] 2] Bl=[1]x[2] |(emsfmuan(i])

O, required 3.157 32 101.03 O, required = (3.157x32)=101.03
N, required 11.877 28 332.55 N, required = (79 x3.157/21)x 28 =332.55

Total 433.57 [andadaulaeifsuas o,: N, Tuerme =

Remarks
[1] kmol 0, 1#11nmse 2.1 Compute the weight of oxygen required per 100 kg of fuel : kmol O, required

v s Aa o 2 o F
N2 "lﬂi]'lﬂﬂﬂﬂﬂizﬂﬂﬂﬂlﬂ\ﬁﬂﬂ'lﬁ‘ﬂﬂ ﬂw‘luimmu 79% mmmm‘lmw

kmol U949 N, = (79x3.157/21)=11.877 kmol

kg

kg/100 kg of fuel

kg

kg/100 kg of fuel

kg

kg/100 kg of fuel

kg/100 kg of fuel
kg/100 kg of fuel
21/791]

v fun
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Theoretical Air Mass

Theoretical Air Volume

4.34

3.35

(433.57/100)

(3.918/1.293)

o < = o 3
MU V=m/p:p NYUKHYN 0°C ANUAU 1 UITEIMA P=1.293 kg/m

mnfSeumsununs 1gaums

*Theoretical Air Volumes Ao
Ao=RR9xC+28.Tx(H-OB)+333x58

kg-air / kg-fuel

3
m /kg

Al = ((8.89 x 37.33%) + (26.7 x 4.42% - (34.12% /8 ))+(3.3 x 0.28%))/100)
= 3.32 m kg wex i 9A0 91 18 IndiRea3 T Mgy
2.3 Compute the weight of the products of combustion
% by mass kg-Oxygen /
Nitrogen Products kg Products (Wet)
Fuel Composition composition 100kg;,
[1] 2] 131 [4] [51 (eMmsmuIn [5])
C 37.33 99.54 CO, 136.87 (37.33 x (((32 x 1.00)+12)/12))
H 4.42 3532 H,O (from H,) 39.74 (4.42 x (((32 x 0.50)+2)/2))
0o 34.12 -34.12 O, 0.00
N from Fuel 0.63 N, 0.63
N from Air 332.55 N, 332.55
S 0.28 0.28 SO, 0.56 (0.28 x (((32 x 0.00)+0)/0))
Moisture 11.66 0.00 H,0 (Moisture) 11.66 (11.66 x (((32 x 0.00)+18)/18))
Total 522.00
2.4 Convert the Flue-gas weight to volume
2.4.1 Normal Operation
Gas Temperature@ ID Fan Inlet Condition 150 °C
Excess Air 30 %
Wiasveuia 1 Tua i 0 °C A1wsy 1 U550mMa 224 L (81989 : anNZUAAQAUARA (Ideal gas) , Avogadro's Hypothesis)
Molecular Weight Volume (m3) Volume (m3) @ | Volume (ms) @ Dry flue
Product kg mole (n) % Gas by vol (Dry basis)
(g/mol) @ 0°C Wet flue gas 150°C gas 150°C
[5]=[4] x (51 (lisaw 1,0 (1,) uag
(1 [2] B1=[11/12] |[41=[3]x22.4 [6]=([5]/677.02)x 100
((273+150)/(273+0)) H,O (Moisture))
CO, 136.87 44 3.11 69.68 107.96 107.96 15.95
H,0 (H,) 39.74 18 2.21 49.45 76.62
N, 332.55 28 11.88 266.04 412.21 412.21 60.89
H,O (Moisture) 11.66 18 0.65 14.50 22.47
SO, 0.56 64 0.01 0.20 0.31 0.31 0.05
0, (Excess Air) 30.31 32 0.95 21.22 32.87 32.87 4.86
N, (Excess Air) 99.76 28 3.56 79.81 123.66 123.66 18.27
Total 651.44 500.89 776.11 677.02 100.00
Remarks  o5u1ewisineninmanaldaeil
[1] kg Product

1) CO, mﬂ%’ﬂu‘.a"lﬁ'mnmiw 2.3 Compute the weight of the products of combustion : kg Product Y93 Carbon

2) H,0(H,) mﬂ*ﬁ'@y_a'lﬁ' 91913 2.3 Compute the weight of the products of combustion : kg Product ¥84 Hydrogen

3)N, i’aga‘lﬁ’mnmiw 2.3 Compute the weight of the products of combustion : Nitrogen

4) H,0 (Moisture) bt au"a'lﬁ' 919151 2.3 Compute the weight of the products of combustion : kg Product Y84 Moisture

e fusy
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5) SO, ﬁﬁ'@na'lﬁ'mnmiw 2.3 Compute the weight of the products of combustion : kg Product U993 Sulfur

6) O, (Excess Air) ﬂ’t)m (6] wmaﬂ%’“lunmm"lwuquyg iﬂﬂmin 2.2 Compute the weight of air required for complete combustion x 30% (Excess Air,

6) N, (Excess Air) flof1 N2 wmﬂ%’“lunmm"lwuquyg iﬂﬂmin 2.2 Compute the weight of air required for complete combustion x 30% (Excess Air

[2] Molecular Weight CO,, N,, H,0, SO, , O, (g/mol)

[3] 149U mole (n) = mass (kg) / Molecular Weight

[4] 1315 u0901MA 0°C latm

[5] 1BAsvee1nei 150°C

161 %Gas by vol (Dry Basis) A lefidudlavtuasveanda Taolifamanuidu (Dry basis)

Flue-gas weight to volume

i 150°C

(107.96 +412.21 + 0.31 +32.87 + 123.66)

(651.44/776.11)

Gvol = 776.11 m’/100kg fuel wet basis
= 677.02 m’/100kg fuel dry basis
Flue gas density = 0.839 kg/m3 wet basis
Fuel Required and Gas Flow Rate
Parameter Symbol Calculation Value Unit
Steam Temp. Generate Tout Specification 515.00 °C
Steam Pressure generate Pout Specification 73.00 barg
Steam Enthalpy hout Steam Table 3,444.00 kl/kg
Feedwater Temp Tfw Measured Data 172.80 °C
Feedwater Enthalpy hfw Steam Table 735.00 kl/kg
Ash in fuel a Data 11.58 %
Fuel NCV (wet basis) NCV Biomass Data 14,886.00 kJ/kg
%Unburn loss in Carbon %c Ref : Data 1.00 %

9%Unburn loss in Carbon Ain M3 Tntl liauysal #unaniveunaunaes (Unburned carbon)

' < 5 a o < A o A
Ref : f]ll@ﬂ'lilWill/i&’ﬁWﬁﬂ?W?i\i lh¥awaaviadnun (VSPP), ﬂiﬂ?ﬁﬂ@?%@ﬁﬁ"lﬁﬂiﬁl. NUNATIN ] :

FUIAN 2561

a L4 a wa
(mnwmmﬂzwﬁmﬂg]wmi)

[776 x5.62/100 ]

Boiler Capacity TPH Specification 100.00 T/H
Boiler kW Qin TPH*(hout-hfw) |  75,250.00 kW [ (100 x 1,000/60/60) x (3,444-735) ]
Boiler Efficiency eff Data 90.00 Design data (éﬂ}ﬂy,ﬁ 1N é’wﬁm)
Fuel Required mf Qin/eff/NCV 5.62 kg/s [ 75,250/0.90/ 14,886 ]
Calculated Gas Flow Rate@ID Fan Inlet Condition Gvol*mf/100 43.59 m3/s Wet basis
Gas Flow Rate Calculation (Wet basis)
Calculated Gas Flow Rate@ID Fan Inlet Condition = 43.59 m3/s
*Air-heater leakage 5% of Gas Flow = 2.18 ms/s
*Furnace air leakage 5% of Gas Flow = 2.18 m3/s
Safety Factor 15% of Gas Flow = 6.54 ms/s
Total Gas Flow@blower Inlet Condition = 54.49 m3/s

a  Jaa

v !
*Ref - SN Toyannmsauszyunie lo voa Uiy ingwons lausaeumed s1ria

2.4.2 Base on 7% O,

Flue Gas Temperature 150 °C

Excess Air 50 %

2 ' a A o g 4 { o 4 ' L.
(mﬂﬂsanaummﬁmumuﬁ 30% Uiy 50% Lﬁa“lﬁ’"lé'ﬁmazﬁ 7% O, ﬂWNﬂi’ﬂﬂWWuﬂLﬁﬂﬂ1ﬂ1 Emissions)

Wuasveada 1 Tua 7 0°C Awdn 1 u3seINe 224 L

(Egl"liaﬁ : ﬁﬂ‘I’JS’,I,LtglvﬁQﬂllﬂa (Ideal gas) , Avogadro's Hypothesis)

\
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Molecular Weight Volume (m3) Volume (ms) @ | Volume (ms) @ Dry flue
Product kg mole (n) % Gas by vol (Dry basis)
(g/mol) @ 0°C Wet flue gas 150°C gas 150°C
[5] = [4] x (51 (lisaw 1,0 (1,) uag
(1 [2] B1=[11/12] |[41=[3]x22.4 [6]=([5]/781.37) x 100
((273+150)/(273+0)) H,O (Moisture))
CO, 136.87 44 3.11 69.68 107.96 107.96 13.82
H,0 (H,) 39.74 18 2.21 49.45 76.62
N, 332.55 28 11.88 266.04 412.21 412.21 52.75
H,0 (Moisture) 11.66 18 0.65 14.50 22.47
SO, 0.56 64 0.01 0.20 0.31 0.31 0.04
0, (Excess Air) 50.51 32 1.58 35.36 54.79 54.79 7.01
N, (Excess Air) 166.27 28 5.94 133.02 206.11 206.11 26.38
Total 738.16 880.47 781.37 100.00
Remark  ©3U10W1515A03A199 MWA131971 2.4.1 Normal Operation
Flue-gas weight to volume
Gvol - 880.47 m’/100kg fuel wet basis # 150°C
= 781.37 m’/100kg fuel dry basis (107.96+412.21+0.31+54.79+206.11)
= 55047 Nm'/100kgfuel  dry basis il 25°C
Flue gas density = 0.838 kg/m3 wet basis (738.16 / 880.47)
Fuel Required and Gas Flow Rate
Parameter Symbol Calculation Value Unit
Steam Temp. Generate Tout Specification 515.00 °C
Steam Pressure generate Pout Specification 73.00 barg
Steam Enthalpy hout Steam Table 3,444.00 kl/kg
Feedwater Temp Tfw Measured Data 172.80 °C
Feedwater Enthalpy hfw Steam Table 735.00 kl/kg
Ash in fuel a Data 11.58 %
Fuel NCV (wet basis) NCV Biomass Data 14,886.00 kl/kg
%Unburn loss in Carbon Y%c Ref': Data 1.00 %
Boiler Capacity TPH Specification 100.00 T/H
Boiler kW Qin TPH*(hout-hfw) 75,250.00 kW ((100 x 1,000/60/60) x (3,444-735))
Boiler Efficiency eff Data 90.00 (Design data)
Fuel Required mf Qin/eff/NCV 5.62 kg/s (75,250/0.90 /14,886 )
Calculated Gas Flow Rate@]ID Fan Inlet Condition Gvol*mf/100 49.45 m3/s Wet basis [ 880x5.62/100]
43.89 m /s Dry basis [ 781 x49.45/100 ]
Gas Flow Rate Calculation Wet Basis Dry Basis
Calculated Gas Flow Rate@]ID Fan Inlet Condition = 49.45 mB/s 43.89 m3/s
*Air-heater leakage 5% of Gas Flow = 2.47 m3/s 2.19 m3/s
*Furnace air leakage 5% of Gas Flow = 2.47 1n3/s 2.19 mg/s
Safety Factor 15% of Gas Flow = 7.42 m3/s 6.58 m3/s
Total Gas Flow@blower Inlet Condition = 61.82 m3/s 54.86 m3/s ﬁ 150°C
Total Gas Flow at 25 °C = 43.55 m'/s 38.65 mfs

a a o Ao a Jdaa a { o o
* Ref : dNBIToyannmsauszynle lo vea u38n indisas laySaeumed s1ia

)
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2.5 Total Ash Amount

Ash content in biomass fuel

Unburned Loss from biomass fuel

Biomass fuel consumption

Total ash amount

2.5.1 Dust Concentration at Normal Operation
Fly ash ratio

Fly ash amount

Dry flue gas flow

Dust concentration from furnace at normal operation

2.5.2 Ash Retaining on Boiler Tube
Ash retaining ratio

Ash retaining amount per hour

Ash retaining amount per day

2.5.3 Dust Concentration at Soot Blowing Period
Number of Soot blowing

Soot blowing time

Soot blowing time

Dust concentration from retaining ash

Dust concentration at soot blowing period

2.5.4 Particulate Emission at Normal Operation
Gravity ash correcting ratio at Boiler bank tube area

Dust concentration at Boiler outlet flue gas

Gravity ash correcting ratio at Air preheater hopper
Dust concentration at Multi-Cyclone&ESP inlet flue gas
Ash correcting efficiency at Multi-Cyclone

Dust concentration at Multi-Cyclone outlet flue gas

13.10 wt% at dry basis

11.58 wt% at wet basis

1.00 Wt% at wet basis (ﬁmﬁ“lﬁiﬁﬁmhﬁé’wamuaﬂma% (Takuma's 1U211))
5.62 kg/s
20,220.34  kg/h [5.62x60x 60 ]
Fuel consumption x [ Ash% (wet) + Unburned loss% (wet) ]
2,542.74 kg/h [20,220.34 x 11.58% + 1%) ]
60.00 wt% (TAKUMA's experience number)

Total ash amount x Fly ash ratio

1,525.64  kgh [ 2,542.74 x 60.00% ]
197,495.28 m /h (150°C) [ 54.86 x 60 x 60 ]
139,133.79  m’/h (25°C) [38.65x 60 x 60 ]

(Fly ash amount / Dry flue gas flow) x 1,000
10.97 g/ng(dry) [ 1,525.64/139,133.79 x 1,000 ]

1096530  mg/Nm (dry) [10.97 x 1,000 ]

1.50 wt% (TAKUMA's experience number)
Fly ash amount x Ash retaining ratio%
22.88 kg/h [1,525.64 x 1.50 % ]
Ash retaining amount per hour x 24 hour

54923 kg/day [22.88x24]

2.00 times/day
0.50 hour/time
1.00 hour/day [0.50x2]
Ash retaining amount per day x Soot blowing time / Dry flue gas flow x 1,000

3.95 g/Nma(dry) [ (549.23/1.00) / 139,133.79 x 1,000 ]

394751 mg/Nm'(dry) [3.95x 1,000 |
1491 o/Nm'(dry) [10.97+3.95]
1491281 mg/Nm (dry) [ 14.91 x 1,000 ]
10.00 % (TAKUMA's experience number)

Dust concentration from furnace at nornal operation x (100% - 10%)
987  o/Nm'(dry) [10.97x (1-0.10)]
15.00 % (TAKUMA's experience number)
8.39 g/Nm'(dry, 0, =7%) [9.87x(1-0.15)]
67.95 % [ From TABLE : EFFICIENCY OF CYCLONE ]
Dust concentration at Multi-Cyclone&ESP inlet flue gas x (100% - Multi Cyclone Eff%) k

L=
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Ash correcting efficiency at ESP =

Dust concentration at ESP outlet flue gas =

2.5.5 Particulate Emission at Sootblowing Period

Gravity ash correcting ratio at Boiler bank tube area =
Dust concentration at Boiler outlet flue gas =
Dust concentration at Boiler outlet flue gas =

Gravity ash correcting ratio at Air preheater hopper =

Dust concentration at Multi-Cyclone&ESP inlet flue gas
Ash correcting efficiency at Multi-Cyclone =

Dust concentration at Multi-Cyclone outlet flue gas =

Ash correcting efficiency at ESP =

Dust concentration at ESP outlet flue gas =

*Guaranteed Particulate emission value <

SUMMARY
TSP at Normal Operation =

TSP at Soot Blow Operation =

3. NOx Emission Calculation
3.1 Fuel NOx
Max.Temp. of Combustion Chamber =

Fuel Required =

N-Component in fuel =
NOx Conversion Rate =
Ref : (R.Salzmann, T.Nussbaumer, Energy & Fuels 2001, 15 575-582)

NOx Production =

Fuel Gas Flow Rate =

NOx Concentration =

3.2 Thermal NOx
NOx Production

Ref : (R.Salzmann, T.Nussbaumer, Energy & Fuels 2001, 15 575-582)

3
2,688.19  mg/Nm (dry basis, 25°C, 1 atm 7% O,) [8.39x(1-67.95%)x 1,000 ]
97.20 % [ From 4.1.9) ESP Efficiency ]
Dust concentration at Multi-Cyclone outlet flue gas x (100% - ESP Eff%)

7539 mg/Nm (dry basis, 25°C, 1 atm 7% O,) [2,688.19 x (1-97.20 %) ]

10.00 % (TAKUMA's experience number)
Dust concentration at soot blowing period x (100% - 10%)
1342 g/Nm'(dry) [1491x(1-0.10)]
15.00 % (TAKUMA's experience number)
1141 g/Nm (dry, 0,=7%) [13.42x(1-0.15)]
67.95 % [ From TABLE : EFFICIENCY OF CYCLONE ]
Dust concentration at Multi-Cyclone&ESP inlet flue gas x (100% - Multi Cyclone Eff%)
3,655.94 mg/le(dry basis, 25°C, 1 atm 7% O,) [11.41 x (1-67.95%) x 1,000 ]
97.20 % [ From 4.1.9) ESP Efficiency ]
Dust concentration at Multi-Cyclone outlet flue gas x (100% - ESP Eff%)
10253 mg/Nm'(dry basis, 25°C, 1 atm 7% O,) [3,655.94 x (1-97.20 %) |

120.00 mg/N ms(dry basis, 25°C, 1 atm 7% O,)

7539 mg/Nm (dry basis, 25°C, 1 atm 7% O,)
102.53 mg/Nms(dry basis, 25°C, 1 atm 7% O,)

900.00 °C
5.62 kg/s
20,220.34 kg/h [5.62x60x 60 ]
0.63 %by weight
10 %

(20,220.34 kg/hr x 0.63% x 10% ) x 46 / 14

41.65 kg/hr as NO,
3
38.65 m /s
139,133.79  Nm'/h (7%, 0,,25°C)  [38.65x60x60]
(NOx Kg/hr) / Flue Gas Flow Rate (Nm3/h)
(41.65/139,133.79) x 10"6

299.37 mg/Nm' as NO,

negligible (Because of low combustion temperature)

)

g fuda
an4T3



3.3 Prompt NOx
NOx Production negligible (Because of low combustion temperature)

Ref': (R.Salzmann, T.Nussbaumer, Energy & Fuels 2001, 15 575-582)

3.4 NOx Emission
NOx Emission form Boiler = 299.37 mg/Nm3 as NO,
NOx Reduction by Boiler Function as Air Staging = 20.00 %

Ref : Nussbaumer. T. Primary and secondary measures for Nox reduction in Biomass combustion. In Developments in Thermochemical Biomass Conversion ; Blackie
Academic and Professinal : London. UK.. 1997.
NOx Emission form Boiler = 239.50 mg/Nm3 as NO,

Concentration (ppm) = 24.45 x Concentration (mg/ms) / Molecular weight (NO,)

= (24.45x239.50) /46

= 127.30 ppm (7%, 0,, 25°C)
Limited NOx = 200.00 ppm ....0.K.
4. SO, Emission Calculation
4.1 Fuel SOx
Fuel Required = 5.62 kg/s

= 20,220.34 kg/h [5.62x60x 60 ]
S-Component in fuel = 0.28 % by weight
SO, Conversion Rate = 13 %

Ref : Emission factors and evolution of SO2 measured from biomass burning in wildfires and agricultural fires. Pamela S., R. et al. Atmospheric Chemistry and Physics.

Copernicus Publications, Katlenburg-Lindau, Germany, 22:15603-15620, (2022).

vnaumsnsen v S + 0,(air) > SO,
32 + 32 64
SO, Production = (20,220.34 kg/h x 0.28% x 13% ) x 64/32
= 15.29 kg/hr
Flue Gas Flow Rate = 38.65 m3/s

= 139,133.79  Nm'/h (7%, O,, 25°C) [38.65x60x60]

4.2 SOx Emission
SO, Concentration = (SO, Kg/h) / Flue Gas Flow rate (Nm3/h)
= 15.29/139,133.79 x 10"6
= 117.06 mg/Nm’
Concentration (ppm) = 24.45 x Concentration (mg/mZ) / Molecular weight (SO,)

= (24.45x117.06) /64
= 44.72 ppm (7%, 0,, 25°C)

)
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PROJECT DESIGN : 100 TPH BOILER AIR POLLUTION CONTROL
FUEL : Mixed Fuel (1u80# 70 %, unav 30% )
W3 i Andians laudaeunied S1fa
amufidalnsems v‘immjﬂw?; BUNBATINIUHY JIHIANINS
AIR POLLUTION CONTROL DESIGN CALCULATION

MULTI CYCLONE & ELECTROSTATIC PRECIPITATORS (ESP)

1.DESIGN CONDITIONS

3

1) Total Gas Flow Rate (Q) = 61.82 m/s

22254197 m’/hr
2) Temperature of Inlet Gas (T) = 150.00 °C

3) Density of Inlet Gas ( pg) = 0.82 kg/m3
4) Kinematic Viscosity (V) = 29.26 1076 mz/s

5) Viscosity of Inlet Gas ( LL)

2.41E-05 kg/(m.sec)

3
6) Density of Bagssse Ash (D) = 1,200.00 kg/m
2. PARTICLE SIZE DISTRIBUTION
' o ' A ax s A o o H A s ot o o '
fﬂﬁﬂﬁ3ﬁﬂﬂﬂ]uﬂlﬂﬂ]ﬂ\iduag'E]f’]\‘11]Naﬁf’)ﬂ1§!aﬂﬂ3‘ﬁﬂ1§Llﬁ3@ﬂﬂ§mlw@u1ﬂﬂﬂuagﬂ@\iuu€] Lu'f]@5]Tﬂ@l]ﬂiﬂ!LlﬂagQl]ﬂiﬂ!Nﬂ?1ﬂﬁ1u1iﬂﬁluﬂ1iﬂ1ﬂﬂduqu
=N ) o | A o A ) S o w1 72 Y v Y o PR
MmNy i]\iﬁf)\?Vnﬂ'ﬁﬁiﬁﬂ]ﬂﬂ'ﬁﬂﬁzﬂ']ﬂmu‘]ﬂﬂlENFJuﬁngfN LW@uT”lﬂLﬂ@ﬂi%qﬂﬂﬁmU1UﬂFJu Lla§ﬂlu1ﬂﬂlf]ﬂ@ﬂﬂ5muu“’] GLWQﬂﬂ@QLLﬁgﬂﬁﬂﬂﬁ@\iﬂUﬂWTU']Uﬂ

y {a I’
ﬂuﬁ%ﬂﬂ@ﬂ"lllﬂﬁ ﬂiz%1ﬂmu"lﬂ‘ﬁ?llﬂi"l§1’i]lﬁ}

Size Category | Midpoint
Number of Particles, n %Frequency Cum. %Frequency
(Km) (Lm)

0-5 2.5 250 13.52 13.52
5-10 7.5 463 25.04 38.56
10-20 15 419 22.66 61.22
20-170 45 336 18.17 79.39
70 - 140 105 185 10.01 89.40
140 - 250 195 114 6.17 95.57
250 - 400 325 61 3.30 98.86
400 - 650 525 21 1.14 100.00

Total 1,849 100.00

Ref : Bagasse Data from of Mitr Kalasin Sugar Co., Ltd., 2006. (Data Form Mr.Chatchaval Aiyathiti)
3. MASS RATIO (W) of Particle
VHIAUBIDUNA (Partical Size)
1 Y

J o { o o A | ' o .
lumiaamm‘uqﬂﬂimﬂﬂ AU m@y‘aﬁﬁ'l ﬂgﬁqwﬁamummmaumﬂw’d‘mﬂu ANUUNIYUDIVUIAVDIDUN A ﬁiJ']fJﬁ\i Lﬁ’umuﬁuﬂnan (Diameter) 1uﬂiﬁ
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Equivalent Volume Diameter (De) Dc(60L / T[Z)]/3
Dc = Dia. Of Equal Area Circle
o = Volume Shape Factor = 0.24*
Aerodynamic Diameter (Da) iHuidurguénarsveansanauiiianumumiu 1 nu de av.sw. uaziinnudanlueimenhsuveseynin

Y
' L ‘o ] , ° )
A1 Aerodynamic Diameter %u’ﬂgﬂﬂﬂllﬂﬂﬂlﬂﬂﬂ%}ﬂ?ﬂ 3ﬂiN HAZANNVUIUUYDIDUNIA ﬂ1u3mhlﬂﬁ]1ﬂﬁllﬂﬁ

112
Aerodynamic Diameter (Da) De(PTT/ Pde)

pd

X = Dynamic Shape Factor = 1.11*

Water Density = 1,000 kg/m3

Ref * : Hinds C.W. Aerosal Technology , 2nd, John Wiley & Sons, 1999.

Size Category | Midsize Number of g 3 Mass Ratio
De Da n,Da; TCPn.Da, /6

(Hbm) (Hm) Particle (n) M (%)
0-5 2.5 250 1.93 2.11 2.35E-15 1.48E-12 0.0001
5-10 7.5 463 5.78 6.33 1.18E-13 7.39E-11 0.003
10-20 15.0 419 11.57 12.67 8.52E-13 5.35E-10 0.023
20-70 45.0 336 34.70 38.01 1.84E-11 1.16E-08 0.492
70 - 140 105.0 185 80.96 88.69 1.29E-10 8.11E-08 3.441
140 - 250 195.0 114 150.35 164.70 5.09E-10 3.20E-07 13.580
250 - 400 325.0 61 250.58 274.50 1.26E-09 7.93E-07 33.642
400 - 650 525.0 21 404.79 443.43 1.83E-09 1.15E-06 48.820
Total 1,849 3.75E-09 2.36E-06 100.00

4.AIR POLLUTION CONTROL SYSTEM
Above Pollutant Condition, We Selected Air Pollution Control Devices as:
1) Multi Cyclone to Collect The Most Big Particulate from Exhaust Gas Before Flow Though Next Device by Dynamic Machanism.
2) ESP to Collect the Small Particulate from Exhaust Gas Before Flow Though Stack by Electrostatic Field.
Details of Air pollution control devices & Performance
4.1) MULTI CYCLONE
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Flow of Exhaust Gas (Q,,) = 61.82 m/s

Number of Multi Cyclone = 80.00 Unit
Flow of Exhaust Gas per Cyclone (Q) = 0.77 ms/ s
Q = AV
Minimum Velocity in Cyclone (vg) = 15 m/s
Area of Inlet Cyclone Require (Areq) = 0.052 m2
Standard Dimention of Stairmand High Throughput Cyclone o,
w =
o .
Body Diameter (D/D) = 1.00 m/m "' P
Height of Inlet (H//D) = 080  m/m |4 L
Width of Tnlet (WD) = 035  m/m [
Diameter of Gas Exit (D /D) = 0.75 m/m \ J ‘
\ /
Length of Vortex Finder (S/D) = 0.85 m/m Ivv l" ‘.4
Length of Body (L,/D) = 1.70 m/m \ ( |
Length of Cone (L /D) = 2.00 m/m ‘::J
Diameter of Dust Outlet (D /D) = 0.40 m/m v

Ref: C. David Cooper and F.C. Alley. Air Pollution Control a Design Approach. 3rd ed. Illinois: Waveland Press, Inc., 2002

4.1.1) Calculation Area of Inlet Cyclone

Body Diameter (D) = 0.40 m.
Height of Inlet (H) = 0.32 m
Width of Inlet (W) = 0.14 m
Diameter of Gas Exit (D,) = 0.30 m.
Length of Vortex Finder (S) = 0.34 m.
Length of Body (L,) = 0.68 m.
Length of Cone (L,) = 0.80 m.
Diameter of Dust Outlet (D) = 0.16 m.
Thus,
Area of Inlet Cyclone = 9 ((]3/2)2 -(D/ 2)2)
2
A, = 0055 m
A, > 0.052 m2 ceen. OK.

4.1.2) Calculation Cutoff Diameter (d,,)
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4.1.2) Calculation Cutoff Diameter (d_)

Cutoff Diameter (dpc) = IUW
ZﬂNe(pp—pg)Vg

V1 = ANuHilAve401MA (Dynamic viscosity) 1128 A lanSunomas-Iui

w = anwnhavesnematnlyTnau mide was

v, = anuBiaunemaud (nlet velocity) 1128 WasABINN

Py = anumuniudu (Particle density) 1120 flansudognuinsmuns

P, = ANUNUMLUEINSA (Air density) ¥1i30 R TanSusegnNAtLAS

Ne = twwsevveansnyululeylnau vie seu

Number of Core (N,) = 4

Cutoff Diameter (dpc) = IUW

NP, PV,

dy = 8.26 Hm
TABLE : EFFICIENCY OF CYCLONE
Size Category | Midsize Number of nj mj njmj Emission
dp,,,/d, nj Penetration

(Lbm) (Hm) particle (n) (%) (%) (%) No.of Particles (n) Mass (g)
0-5 2.5 250 0.30 0.08 8.39 13.52 1.14 0.916 229 1.35E-09
5-10 7.5 463 5.78 0.45 45.20 25.04 11.32 0.548 253 4.04E-08
10-20 15.0 419 11.57 0.77 76.74 22.66 17.39 0.233 97 1.24E-07
20-70 45.0 336 34.70 0.97 96.74 18.17 17.58 0.033 10 3.45E-07
70 - 140 105.0 185 80.96 0.99 99.39 10.01 9.94 0.006 1 4.38E-07
140 - 250 195.0 114 150.35 1.00 99.82 6.17 6.15 0.002 0 0.00E+00
250 - 400 325.0 61 250.58 1.00 99.94 3.30 3.30 0.001 0 0.00E+00
400 - 650 525.0 21 404.79 1.00 99.98 1.14 1.14 0.000 0 0.00E+00
Total 1,849 100.00 67.95 590.00 9.49E-07

Particle Removal Efficiency of Multi Cyclone = 67.95 %
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4.2) ELECTROSTATIC PRECIPITATORS (ESP)
wsesandunun Tihadad duniesdenldus o Iwihlumsuenouniasennnanszuamalasiivanns Ae Tdiszy lvhlueyaa udueymaniilsz

a 2 4 ! 2 "] & Ao o o a a <
T I lwau Iihadad eynamariivzmaeuidmgninuuunsuiuFaisnd ldvhassiudusuveseynia Esp Hlszansnmmgalumsnueynindu
Aa 5 ' & a a8 a = A ' v q9 ' ' A '
ntvnaanna 1 luaseu Tasma Tdfisz@nsnmda 99.5% wiegand Tagiiuly ESP edraunsnarslumsniuguuaiye1Maved159149ATIHT TN
' 3 =
Tdun Tsalvlih waznide'ler (Boiler) iWhudu

4.1.1) Design Parameters

Parameter Range
Drift Velocity, w, 1.0 - 10 m/min
Chanal Width, D 15-40 cm
Specific Collection Area, SCA 0.25-2.1 mz/(mz/min)
Gas Velocity, u 1.2-2.5m/s
Aspect Ratio, R 0.5-1.5
Corona Power Ratio, Pc/Q 1.75-17.5 W/(m3/min)
Plate Area per Electrical Sections, Ns 460 - 7400 m’
a. In the Direction of Gas Flow 2-8
b.Total 1 - 10 bus sections/(1,000 ms/min)

Ref. : C.David Cooper and F.C. Alley, Air Pollution Control : A design Approach, Waveland Press, Inc., 1990.

4.1.2) Design Parameters

Plate Height, H = 10.0 m.
Plate Long, Lp = 8.0 m.
Channel Width, D = 40.00 cm
Gas Velocity, u = 2.50 m/s
Aspect Ratio, R = 1.25

= a o . ¥ o a a 4 .
4.1.3) Number of Duct,(Nd) Duct 3® Bus Duct iumadu llihd i it lwihadad ileusneyniaduesnainnszuaig

Nd = Q/uxDxH
Total Gas Flow Rate (Q) = 61.82 mS/s
Gas Velocity, u = 2.50 m/s
Channel Width, D = 40.00 cm
Plate Height, H = 10.00 m.
Nd = 61.82/(2.50 x 40.00 x 10.00)
= 6.18 Ducts
Choose Ns = 7.00 Ducts

a a Ed o o 4 o ' g
4.1.4) Number of Section, Ns 1Js2anTAIMUea ESP VYHOYNVIIUIU Section ‘Vidiﬂ Field Lﬂ%i’N ESP sinueeonilunaile Bus Section ‘Vi%@ Field
Tuidiag Bus Section 9¢1 Transformer - Rectifier Set YB4A304 10U UUUIA Power Supply IHmingavdmividazan1izmsauasedlu ESP

Ns

RxH/Lp

Aspect Ratio, R = 1.25

Plate Height, H = 10.00 m. &-

wegmed fudy
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Plate Long, Lp = 8.00 m.
Ns = (1.25x 10/ 8.00)
= 1.56 Sections
Choose Ns = 2.00 Sections
. A A4 g - P} =
4.1.5) Actual Collection Area, As A9 WUAVBIUHWAUAY (Plate) Navualuanmldanuaia
As = 2xHxLpxNsxNd

As

2 x 10.00 x (8.00 x 2.00 x 7.00)
2
= 2,240.00 m
4.1.6) Specific Collection Area, SCA A0 8AT1AIUVDINUNAIVOUHIAY (Collection Plate) Apdai1m3 lnaveamaruaied ESP luaninld
AT agueaasluauns
Specific Collection Area, SCA = AIQ
= 2,240/ 61.82 x 60
23
= 0.60 m /(m /min)
(In The Range of Design Parameter)
4.1.7) Plate Area per Electrical Set = As/Ns
= 2,240 /2.00
2
= 1,120.00 m
(In The Range of Design Parameter)
4.1.8) Drift Velocity, w,
-18 2
w = (6.64x10 )E /|
E = Average Electric field, V/m
= 4,300.00 V/m
d = Particle Diameter, mm
4.1.9) ESP Efficiency

aumshianiumnlumsunlsz@ninmveunsos ESP Avaun15uea Matts-Ohnfield %4 lddau/asaun1svee Deutsch Anderson Taons 14

v
Y '

A1 K Factor #a0aAaug 0.4 - 0.6 aanaaalueums

Use Matts-Ohnfeldt equation and k = 0.5

n = 1-exp (-weA/Q)Q5
Size Category | Midsize No. of Mass We Collection eff. Efficiency
Da Penetration Emission
(Wm) (Llm) Particle (n) (2 (m/s) (‘r]) (%) No.of Particles (n) Mass (g)
0-5 2.5 250.0 2.1 1.48E-09 0.108 0.62 0.377 0.128 94 5.94E-10
5-10 7.5 463.0 6.3 2.74E-09 0.323 0.95 0.054 0.582 24 1.52E-10
10-20 15.0 419.0 12.7 2.48E-09 0.646 1.00 0.003 0.012 1 0.00
20-70 45.0 336.0 38.0 1.99E-09 1.939 1.00 0.000 3.689 0 0.00
70 - 140 105.0 185.0 88.7 1.09E-09 4.524 1.00 0.000 8.607 0 0.00
140 - 250 195.0 114.0 164.7 6.74E-10 8.401 1.00 0.000 15.984 0 0.00
250 - 400 325.0 61.0 274.5 3.61E-10 14.001 1.00 0.000 26.639 0 0.00
400 - 650 525.0 21.0 443.4 1.24E-10 22.618 1.00 0.000 43.033 0 0.00
Total 1,849 1.09E-08 52.56 98.67 119 7.5?2-1&_
¥
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In This Case, It is Assumed That the Particle Removal Efficiency Lossed 1.5% (from Factors of Operation)

Particle Removal Efficiency of ESP 98.67 x (0.985)

I
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PROJECT : 100 TPH FIRING BOILER AIR POLLUTION CONTROL

av a Jd

V3N Aindnidns lavsaeuued s1ia
amuiiaalasams muanadng suneazuiiu daitaiidns
AIR POLLUTANTS EMISSION CALCULATION FOR 100 TPH BOILER

FUEL : Mixed Fuel (108081 70 %, unaw 20 %, najuuiles 10 %)

¢ A A a
1. ﬂ'ﬁTni‘]\iﬂﬂigﬂf‘)usﬂﬂ\iﬂlﬂ!waﬂ“]u?ﬁwﬂu

FUEL : Mixed Fuel ludog 70 %, unaw 20 %, ngjuuilas 10 %)

i, astth s slulan 1. Aadnhmnrsamnam ¥, ardnh s warilick
€ mmpanrsl (8] Drt Ratds | Werk Risln 1 vempmm Hmit Dy Bk Wit Basis 4 mrwp———s Umin Py Basds | Wt Basde
Caon " £ ¥ Carken " 3,51 172 Carken " a5 2z L4
Mniropra " 14 i Mvzgen W 45 413 Mdages = 30 aai
Croypes " 19,47 M.7R Crgen " 1643 5T Cmvgen u R LI
_:'\1'1.}114-'. 5, ot i e n as as; _':'\:'p_n-;-q = =T _l_l-;_
_‘hl-'-l! 4 Lo l_ﬁr- _*;l.rq oy L] LB hidlm B il [ |
Ak ] 1L &k Ht B Ath b ] 138 [ENT il by (5] LI H
Samegr 5 | 1 Aleazrar 5 L8 Tirsze U 1012
H "y o] 20wk s Tiviad L He o FL ] Yol e Flo g ] L e
HEW g 1ED o Wi RS ] Wiy [IEEE

Composition Unit Dry Wet
Carbon % 42.71 37.75
Hydrogen % 5.06 4.47
Oxygen % 38.70 34.20
Nitrogen % 0.80 0.71

Sulfur % 0.34 0.30
Ash % 12.40 10.96

Moisture % - 11.61
Total % 100.0 100.0
NCV (Net Calorific Value) = 14,571.50 kl/kg

2.Biomass fuel combustion system

Reactants | Products
Fuel C,HSNOA —> 30
| Combustion Chamber —> CO,, H,0, N;

Alr 0; + 3.76N; =>

I

el fush
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On mass basis

2.1 masdnarfBinaemamangeg

The weight of air required to burn 1 kg fuel, if the biomass fuel composition is as in above the table

1) ﬁllﬂﬁﬂﬁmﬂﬁﬁ' U4 Carbon

2) aumsmaw 1wl ¥e Hydrogen

3) aumsman 1nsf veq Sulphur

For Carbon

For Hydrogen

For Sulphur

C + 0,@in—» CO,

= 37.75/100x(32/12) =

2H, + 0,(in—>  2H,0
= 4.47/100x(16/2) =
S + 0,(air) —» SO,

= 0.30/100x(32/32) =

Summarized according to Table 2.1 Compute the weight of oxygen required per 100 kg of fuel

2. Combustion Products Calculation

2.1 Compute the weight of oxygen required per 100 kg of fuel

1.007

100.67

0.358

35.77

0.0030

% by mass Molecular Weight
kmol kmol O,/kmol | kmol O, required kg O, required
Element composition (kg/kmol)
1 2] [31=111/12] [4] [51=[3] x [4] [6] = [5] x M.W.v04 O,
C 37.75 12 3.146 1.00 3.146 100.67
H 4.47 2 2.235 0.50 1.118 35.77
O 34.20 32 1.069 -1.00 -1.069 -34.20
N 0.71 28 0.025 0.00 0.000 0.00
S 0.30 32 0.009 1.00 0.009 0.30
Ash 10.96
Moisture 11.61 18 0.645 0.00 0.000 0.00
Total 100.00 7.130 3.204 102.53
9 ECE) a P A a 9 A o
Remarks - 51]@3;!?11!llﬂlﬂi]1ﬂNﬁﬂ1§’JLﬂ51$ﬁﬂQﬂﬂi$ﬂ’f]’U‘gllﬂ\il‘]!’f)!,Wﬁ\ﬁ]1ﬂW’f]\ﬂJ§]1Jﬂﬂ"li

an o a Yo &
-35mamualuaseesue ldaad

(1]
(4]

(5]
(el

Percent by mass 315124 1a11AR0aLlR1TANS
kmol O,/kmol fuam 13910

C + O,(air)—» CO,
2H, + O, (air)—» 2H,0
S + 0,(air) —>» SO,

kmol O, required = for complete combustion 310 [4]

kg O, required = [5] x M.W.484 O,

2.2 Compute the weight of air required for complete combustion

[andadaulaeifsuas o,: N, Tuerme =

Kol Molecular Weight ke/100 ke,
Data (kg/kmol)
] 2] Bl=[1]x[2] |(emsfmuan(i])

O, required 3.204 32 102.53 O, required = (3.204x32)=102.53
N, required 12.054 28 337.50 N, required = (79 x3.204/21) x 28 =337.50

Total 440.04

Remarks
[1] kmol 0, 1#11nmse 2.1 Compute the weight of oxygen required per 100 kg of fuel : kmol O, required

v s Aa o 2 o F
N2 "lﬂi]'lﬂﬂﬂﬂﬂizﬂﬂﬂﬂlﬂ\ﬁﬂﬂ'lﬁ‘ﬂﬂ ﬂw‘luimmu 79% mmmm‘lmw

kmol U949 N, = (79x3.204/21)=12.054 kmol

kg

kg/100 kg of fuel

kg

kg/100 kg of fuel

kg

kg/100 kg of fuel

kg/100 kg of fuel
kg/100 kg of fuel
21/791]
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Theoretical Air Mass

Theoretical Air Volume

4.40

3.40

(1440.04 /100 )

(3.918/1.293)

o < = o 3
MU V=m/p:p NYUKHYN 0°C ANUAU 1 UITEIMA P=1.293 kg/m

mnfSeumsununs 1gaums

*Theoretical Air Volumes Ao
Ao=RR9xC+28.Tx(H-OB)+333x58

kg-air / kg-fuel

3
m /kg

A, = ((8.89 x 37.75%) + (26.7 x 4.47% - (34.20% /8 ))+(3.3 x 0.30%))/100)
= 3.36 m kg wex i 9A0 91 18 IndiRea3 T Mgy
2.3 Compute the weight of the products of combustion
% by mass kg-Oxygen /
Nitrogen Products kg Products (Wet)
Fuel Composition composition 100kg;,
[1] 2] 131 [4] [51 (eMmsmuIn [5])
C 37.75 100.67 CO, 138.42 (37.75 x (((32 x 1.00)+12)/12))
H 4.47 35.77 H,O (from H,) 40.24 (4.47 x (32 x 0.50)+2)/2))
0o 34.20 -34.20 0, 0.00
N from Fuel 0.71 N, 0.71
N from Air 337.50 N, 337.50
S 0.30 0.30 SO, 0.60 (0.30 x (((32 x 0.00)+0)/0))
Moisture 11.61 0.00 H,0 (Moisture) 11.61 (11.61 x (((32 x 0.00)+18)/18))
Total 529.08
2.4 Convert the Flue-gas weight to volume
2.4.1 Normal Operation
Gas Temperature@ ID Fan Inlet Condition 150 °C
Excess Air 30 %
Wiasveuia 1 Tua i 0 °C A1wsy 1 U550mMa 224 L (81989 : anNZUAAQAUARA (Ideal gas) , Avogadro's Hypothesis)
Molecular Weight Volume (m3) Volume (m3) @ | Volume (ms) @ Dry flue
Product kg mole (n) % Gas by vol (Dry basis)
(g/mol) @ 0°C Wet flue gas 150°C gas 150°C
[5]=[4] x (51 (lisaw 1,0 (1,) uag
(1] [2] [B1=[1]/[2] |[41=[3]x224 [6]=([5]/686.74) x 100
((273+150)/(273+0)) H,O (Moisture))
Co, 138.42 44 3.15 70.47 109.18 109.18 15.90
H,0 (H,) 40.24 18 2.24 50.07 77.59
N, 337.50 28 12.05 270.00 418.36 418.36 60.92
H,O (Moisture) 11.61 18 0.65 14.45 22.39
SO, 0.60 64 0.01 0.21 0.32 0.32 0.05
0, (Excess Air) 30.76 32 0.96 21.53 33.36 33.36 4.86
N, (Excess Air) 101.25 28 3.62 81.00 125.51 125.51 18.28
Total 660.38 507.74 786.72 686.74 100.00
Remarks  o5u1ewisineninmanaldaeil
[1] kg Product

1) CO, mﬂ%’ﬂu‘.a"lﬁ'mnmiw 2.3 Compute the weight of the products of combustion : kg Product Y93 Carbon

2) H,0(H,) mﬂ*ﬁ'@y_a'lﬁ' 91913 2.3 Compute the weight of the products of combustion : kg Product ¥84 Hydrogen

3)N, i’aga‘lﬁ’mnmiw 2.3 Compute the weight of the products of combustion : Nitrogen

4) H,0 (Moisture) bt au"a'lﬁ' 919151 2.3 Compute the weight of the products of combustion : kg Product Y84 Moisture

Wngeed fuds




5) SO, ﬁﬁ'@na'lﬁ'mnmiw 2.3 Compute the weight of the products of combustion : kg Product U993 Sulfur

6) O, (Excess Air) flefn 0 wmaﬂ%’“lunmm"lwuquyg iﬂﬂmin 2.2 Compute the weight of air required for complete combustion x 30% (Excess Air,

6) N, (Excess Air) flof1 N2 wmﬂ%’“lunmm"lwuquyg iﬂﬂmin 2.2 Compute the weight of air required for complete combustion x 30% (Excess Air

[2] Molecular Weight CO,, N,, H,0, SO, , O, (g/mol)

[3] 149U mole (n) = mass (kg) / Molecular Weight

[4] 1315 u0901MA 0°C latm

[5] 1BAsvee1nei 150°C

161 %Gas by vol (Dry Basis) A lefidudlavtuasveanda Taolifamanuidu (Dry basis)

Flue-gas weight to volume

i 150°C

(1109.18 +418.36 +0.32 +33.36 + 125.51)

(660.38 / 786.72)

Gvol = 786.72 m’/100kg fuel wet basis
= 686.74 m’/100kg fuel dry basis
Flue gas density = 0.839 kg/m3 wet basis
Fuel Required and Gas Flow Rate
Parameter Symbol Calculation Value Unit
Steam Temp. Generate Tout Specification 515.00 °C
Steam Pressure generate Pout Specification 73.00 barg
Steam Enthalpy hout Steam Table 3,444.00 kl/kg
Feedwater Temp Tfw Measured Data 172.80 °C
Feedwater Enthalpy hfw Steam Table 735.00 kl/kg
Ash in fuel a Data 10.96 %
Fuel NCV (wet basis) NCV Biomass Data 14,571.50 kl/kg
%Unburn loss in Carbon %c Ref : Data 1.00 %

9%Unburn loss in Carbon Ain M3 Tntl liauysal #unaniveunaunaes (Unburned carbon)

' < 5 a o < A o A
Ref : f]ll@ﬂ'lilWill/i&’ﬁWﬁﬂ?W?i\i lh¥awaaviadnun (VSPP), ﬂiﬂ?ﬁﬂ@?%@ﬁﬁ"lﬁﬂiﬁl. NUNATIN ] :

FUIAN 2561

a L4 a wa
(mnwmmﬂzwﬁmﬂg]wmi)

[787x5.74/100]

Boiler Capacity TPH Specification 100.00 T/H
Boiler kW Qin TPH*(hout-hfw) |  75,250.00 kW [ (100 x 1,000/60/60) x (3,444-735) ]
Boiler Efficiency eff Data 90.00 Design data (%’agamné’wﬁm)
Fuel Required mf Qin/eff/NCV 5.74 kg/s [75,250/0.90 /14,572 ]
Calculated Gas Flow Rate@ID Fan Inlet Condition Gvol*mf/100 45.14 m3/s Wet basis
Gas Flow Rate Calculation (Wet basis)
Calculated Gas Flow Rate@ID Fan Inlet Condition = 45.14 m3/s
*Air-heater leakage 5% of Gas Flow = 2.26 ms/s
*Furnace air leakage 5% of Gas Flow = 2.26 m3/s
Safety Factor 15% of Gas Flow = 6.77 ms/s
Total Gas Flow@blower Inlet Condition = 56.43 m3/s

a  Jaa

v !
*Ref - SN Toyannmsauszyunie lo voa Uiy ingwons lausaeumed s1ria

2.4.2 Base on 7% O,
Flue Gas Temperature 150 °C
Excess Air 50 %

2 ' a A o g 4 { o 4 ' L.
(mﬂﬂsanaummﬁmumuﬁ 30% Uiy 50% Lﬁa“lﬁ’"lé'ﬁmazﬁ 7% O, ﬂWNﬂi’ﬂﬂWWuﬂLﬁﬂﬂ1ﬂ1 Emissions)

Wuasveada 1 Tua 7 0°C Awdn 1 u3seINe 224 L

(Egl"liaﬁ : ﬁﬂ‘I’JS’,I,LtglvﬁQﬂllﬂa (Ideal gas) , Avogadro's Hypothesis) E
L=
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Molecular Weight Volume (m3) Volume (ms) @ | Volume (ms) @ Dry flue
Product kg mole (n) % Gas by vol (Dry basis)
(g/mol) @ 0°C Wet flue gas 150°C gas 150°C
[5] = [4] x (51 (lisaw 1,0 (1,) uag
(1 [2] B1=[11/12] |[41=[3]x22.4 [6]=([5]1/792.65)x 100
((273+150)/(273+0)) H,O (Moisture))
CO, 138.42 44 3.15 70.47 109.18 109.18 13.77
H,0 (H,) 40.24 18 224 50.07 77.59
N, 337.50 28 12.05 270.00 418.36 418.36 52.78
H,0 (Moisture) 11.61 18 0.65 14.45 22.39
SO, 0.60 64 0.01 0.21 0.32 0.32 0.04
0, (Excess Air) 51.27 32 1.60 35.89 55.60 55.60 7.02
N, (Excess Air) 168.75 28 6.03 135.00 209.18 209.18 26.39
Total 748.39 892.63 792.65 100.00
Remark  ©3U10W1515A03A199 MWA131971 2.4.1 Normal Operation
Flue-gas weight to volume
Gvol - 892.63 m’/100kg fuel wet basis # 150°C
= 792.65 mS/IOOkg fuel dry basis (109.18+418.36+0.32+55.60+209.18)
= 55841 Nm'/100kgfuel dry basis il 25°C
Flue gas density = 0.838 kg/m3 wet basis (748.39 / 892.63)
Fuel Required and Gas Flow Rate
Parameter Symbol Calculation Value Unit
Steam Temp. Generate Tout Specification 515.00 °C
Steam Pressure generate Pout Specification 73.00 barg
Steam Enthalpy hout Steam Table 3,444.00 kl/kg
Feedwater Temp Tfw Measured Data 172.80 °C
Feedwater Enthalpy hfw Steam Table 735.00 kl/kg
Ash in fuel a Data 10.96 %
Fuel NCV (wet basis) NCV Biomass Data 14,571.50 kl/kg
%Unburn loss in Carbon Y%c Ref': Data 1.00 %
Boiler Capacity TPH Specification 100.00 T/H
Boiler kW Qin TPH*(hout-hfw) |  75,250.00 kW ((100 x 1,000/60/60) x (3,444-735))
Boiler Efficiency eff Data 90.00 (Design data)
Fuel Required mf Qin/eff/NCV 5.74 kg/s (75,250/0.90/14,572)
Calculated Gas Flow Rate@]ID Fan Inlet Condition Gvol*mf/100 51.22 m3/s Wet basis [ 893 x5.74 /100 ]
45.48 m3/s Dry basis [793x51.22/100 ]
Gas Flow Rate Calculation Wet Basis Dry Basis
Calculated Gas Flow Rate@]ID Fan Inlet Condition = 51.22 mB/s 45.48 m3/s
*Air-heater leakage 5% of Gas Flow = 2.56 m3/s 2.27 m3/s
*Furnace air leakage 5% of Gas Flow = 2.56 1n3/s 227 mg/s
Safety Factor 15% of Gas Flow = 7.68 m3/s 6.82 m3/s
Total Gas Flow@blower Inlet Condition = 64.02 m3/s 56.85 m3/s ﬁ 150°C
Total Gas Flow at 25 °C = 45.10 m'/s 40.05 mfs

a a o Ao a Jdaa a { o o
* Ref : dNBIToyannmsauszynle lo vea u38n indisas laySaeumed s1ia
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2.5 Total Ash Amount

Ash content in biomass fuel

Unburned Loss from biomass fuel

Biomass fuel consumption

Total ash amount

2.5.1 Dust Concentration at Normal Operation
Fly ash ratio

Fly ash amount

Dry flue gas flow

Dust concentration from furnace at normal operation

2.5.2 Ash Retaining on Boiler Tube
Ash retaining ratio

Ash retaining amount per hour

Ash retaining amount per day

2.5.3 Dust Concentration at Soot Blowing Period
Number of Soot blowing

Soot blowing time

Soot blowing time

Dust concentration from retaining ash

Dust concentration at soot blowing period

2.5.4 Particulate Emission at Normal Operation
Gravity ash correcting ratio at Boiler bank tube area

Dust concentration at Boiler outlet flue gas

Gravity ash correcting ratio at Air preheater hopper
Dust concentration at Multi-Cyclone&ESP inlet flue gas
Ash correcting efficiency at Multi-Cyclone

Dust concentration at Multi-Cyclone outlet flue gas

12.40 wt% at dry basis

10.96 wt% at wet basis

1.00 Wt% at wet basis (ﬁmﬁ“lﬁiﬁﬁmhﬁé’wamuaﬂma% (Takuma's 1U211))
5.74 kg/s
20,656.76  kg/h [5.74x60x 60 ]
Fuel consumption x [ Ash% (wet) + Unburned loss% (wet) ]
2,470.85 kg/h [20,656.76 x 10.96% + 1%) |
60.00 wt% (TAKUMA's experience number)

Total ash amount x Fly ash ratio

148251 kg/h [ 2.470.85 x 60.00% |
20466949 m’/h (150°C) [ 56.85x 60 x 60 ]
144,187.96  m /h (25°C) [40.05 x 60 x 60 ]

(Fly ash amount / Dry flue gas flow) x 1,000
10.28 g/ng(dry) [ 1,482.51/144,187.96 x 1,000 ]

10,281.79  mg/Nm (dry) [10.28 x 1,000 ]

1.50 wt% (TAKUMA's experience number)
Fly ash amount x Ash retaining ratio%
22.24 kg/h [1,482.51x 1.50 % ]
Ash retaining amount per hour x 24 hour

53370 kg/day [2224x24]

2.00 times/day
0.50 hour/time
1.00 hour/day [0.50x2]
Ash retaining amount per day x Soot blowing time / Dry flue gas flow x 1,000

3.70 g/Nma(dry) [(533.70/1.00) / 144,187.96 x 1,000 ]

3,701.44  mg/Nm'(dry) [3.70 x 1,000 |
13.98  o/Nm'(dry) [1028+3.70]
13,983.23  mg/Nm (dry) [ 13.98 x 1,000 ]
10.00 % (TAKUMA's experience number)

Dust concentration from furnace at nornal operation x (100% - 10%)
925  g/Nm'(dry) [10.28x (1-0.10)]
15.00 % (TAKUMA's experience number)
7.87 g/Nm'(dry, 0, =7%) [9.25x(1-0.15)]
65.96 % [ From TABLE : EFFICIENCY OF CYCLONE ]

Dust concentration at Multi-Cyclone&ESP inlet flue gas x (100% - Multi Cyclone Eff"?

L—
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Ash correcting efficiency at ESP =

Dust concentration at ESP outlet flue gas =

2.5.5 Particulate Emission at Sootblowing Period

Gravity ash correcting ratio at Boiler bank tube area =
Dust concentration at Boiler outlet flue gas =
Dust concentration at Boiler outlet flue gas =

Gravity ash correcting ratio at Air preheater hopper =

Dust concentration at Multi-Cyclone&ESP inlet flue gas
Ash correcting efficiency at Multi-Cyclone =

Dust concentration at Multi-Cyclone outlet flue gas =

Ash correcting efficiency at ESP =

Dust concentration at ESP outlet flue gas =

*Guaranteed Particulate emission value <

SUMMARY
TSP at Normal Operation =

TSP at Soot Blow Operation =

3. NOx Emission Calculation
3.1 Fuel NOx
Max.Temp. of Combustion Chamber =

Fuel Required =

N-Component in fuel =
NOx Conversion Rate =
Ref : (R.Salzmann, T.Nussbaumer, Energy & Fuels 2001, 15 575-582)

NOx Production =

Fuel Gas Flow Rate =

NOx Concentration =

3.2 Thermal NOx
NOx Production

Ref : (R.Salzmann, T.Nussbaumer, Energy & Fuels 2001, 15 575-582)

3
2,677.23  mg/Nm (dry basis, 25°C, 1 atm 7% O,) [7.87x (1 -65.96 %) x 1,000 ]
97.19 % [ From 4.1.9) ESP Efficiency ]
Dust concentration at Multi-Cyclone outlet flue gas x (100% - ESP Eff%)

7525 mg/Nm (dry basis, 25°C, 1 atm 7% O,) [2,677.23x (1-97.19 %) ]

10.00 % (TAKUMA's experience number)
Dust concentration at soot blowing period x (100% - 10%)
1258 g/Nm'(dry) [13.98x(1-0.10)]
15.00 % (TAKUMA's experience number)
1070 g/Nm'(dry, 0,=7%) [12.58x(1-0.15)]
65.96 % [ From TABLE : EFFICIENCY OF CYCLONE ]
Dust concentration at Multi-Cyclone&ESP inlet flue gas x (100% - Multi Cyclone Eff%)
3,641.03 mg/le(dry basis, 25°C, 1 atm 7% O,) [ 10.70 x (1 - 65.96 %) x 1,000 ]
97.19 % [ From 4.1.9) ESP Efficiency ]
Dust concentration at Multi-Cyclone outlet flue gas x (100% - ESP Eff%)
102.33 mg/Nm3(dry basis, 25°C, 1 atm 7% O,) [3,641.03x(1-97.19 %) ]

120.00 mg/N ms(dry basis, 25°C, 1 atm 7% O,)

75.25 mg/Nms(dry basis, 25°C, 1 atm 7% O,)
102.33 mg/Nms(dry basis, 25°C, 1 atm 7% O,)

900.00 °C
5.74 kg/s
20,656.76 kg/h [5.74 x 60 x 60 ]
0.71 %by weight
10 %

(20,656.76 kg/hr x 0.71% x 10% ) x 46 / 14

49.85 kg/hr as NO,
3
40.05 m’s
144,187.96  Nm'/h (7%, 0,,25°C)  [40.05x60x60]

(NOx Kg/hr) / Flue Gas Flow Rate (Nm3/h)

(49.85/144,187.96) x 106

345.76 mg/Nm' as NO,

negligible (Because of low combustion temperature)

)
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3.3 Prompt NOx

NOx Production negligible (Because of low combustion temperature)

Ref': (R.Salzmann, T.Nussbaumer, Energy & Fuels 2001, 15 575-582)

3.4 NOx Emission
NOx Emission form Boiler = 345.76 mg/Nm3 as NO,
NOx Reduction by Boiler Function as Air Staging = 20.00 %

Ref : Nussbaumer. T. Primary and secondary measures for Nox reduction in Biomass combustion. In Developments in Thermochemical Biomass Conversion ; Blackie

Academic and Professinal : London. UK.. 1997.

NOx Emission form Boiler = 276.61 mg/Nm3 as NO,

Concentration (ppm) = 24.45 x Concentration (mg/ms) / Molecular weight (NO,)

= (24.45x276.61) /46

= 147.02 ppm
Limited NOx = 200.00 ppm ....0.K.
4. SO, Emission Calculation
4.1 Fuel SOx
Fuel Required = 5.74 kg/s

= 20,656.76 kg/h
S-Component in fuel = 0.30 % by weight
SO, Conversion Rate = 13 %

(7%, 0,,25°C)

[5.74x 60 x 60 ]

Ref : Emission factors and evolution of SO2 measured from biomass burning in wildfires and agricultural fires. Pamela S., R. et al. Atmospheric Chemistry and Physics.

Copernicus Publications, Katlenburg-Lindau, Germany, 22:15603-15620, (2022).

vnaumsnsen v S + 0,(air) > SO,
32 + 32 64
SO, Production = (20,656.76 kg/h x 0.30% x 13% ) x 64/32
= 16.53 kg/hr
Flue Gas Flow Rate = 40.05 m3/s

= 144,187.96  Nm'/h (7%, O, 25°C)

4.2 SOx Emission

SO, Concentration = (SO, Kg/h) / Flue Gas Flow rate (Nm3/h)

= 16.53 / 144,187.96 x 10"6

= 122.12 mg/Nm’

[40.05 x 60 x 60 ]

Concentration (ppm) = 24.45 x Concentration (mg/mZ) / Molecular weight (SO,)

= (24.45x122.12)/ 64

= 46.65 ppm
Limited SOx as SO, = 60.00 ppm ....0.K.

(7%, 0,,25°C)

N
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PROJECT DESIGN : 100 TPH BOILER AIR POLLUTION CONTROL
v v =\ d
FUEL : Mixed Fuel (1udo8 70 %, unaw 20 %, v uuiles 10 %)
U3t Aindidns lousaeuuet a1fa
aouiaalnsans MuaNelng suneazmuiu Jsmiandns
AIR POLLUTION CONTROL DESIGN CALCULATION

MULTI CYCLONE & ELECTROSTATIC PRECIPITATORS (ESP)

1.DESIGN CONDITIONS

3

1) Total Gas Flow Rate (Q) = 64.02 m /s

23048521 m /hr
2) Temperature of Inlet Gas (T) = 150.00 °C

3) Density of Inlet Gas ( pg) = 0.82 kg/m3
4) Kinematic Viscosity (V) = 29.26 1076 mz/s

5) Viscosity of Inlet Gas ( LL)

2.41E-05 kg/(m.sec)

3
6) Density of Bagssse Ash (D) = 1,200.00 kg/m
2. PARTICLE SIZE DISTRIBUTION
' o ' A ax s A o o H A s ot o o '
fﬂﬁﬂﬁ3ﬁﬂﬂﬂ]uﬂlﬂﬂ]ﬂ\iduag'E]f’]\‘11]Naﬁf’)ﬂ1§!aﬂﬂ3‘ﬁﬂ1§Llﬁ3@ﬂﬂ§mlw@u1ﬂﬂﬂuagﬂ@\iuu€] Lu'f]@5]Tﬂ@l]ﬂiﬂ!LlﬂagQl]ﬂiﬂ!Nﬂ?1ﬂﬁ1u1iﬂﬁluﬂ1iﬂ1ﬂﬂduqu
=N ) o | A o A ) S o w1 72 Y v Y o PR
MmNy i]\iﬁf)\?Vnﬂ'ﬁﬁiﬁﬂ]ﬂﬂ'ﬁﬂﬁzﬂ']ﬂmu‘]ﬂﬂlENFJuﬁngfN LW@uT”lﬂLﬂ@ﬂi%qﬂﬂﬁmU1UﬂFJu Lla§ﬂlu1ﬂﬂlf]ﬂ@ﬂﬂ5muu“’] GLWQﬂﬂ@QLLﬁgﬂﬁﬂﬂﬁ@\iﬂUﬂWTU']Uﬂ

y {a I’
ﬂuﬁ%ﬂﬂ@ﬂ"lllﬂﬁ ﬂiz%1ﬂmu"lﬂ‘ﬁ?llﬂi"l§1’i]lﬁ}

Size Category | Midpoint
Number of Particles, n %Frequency Cum. %Frequency
(Km) (Lm)

0-5 2.5 250 13.52 13.52
5-10 7.5 463 25.04 38.56
10-20 15 419 22.66 61.22
20-170 45 336 18.17 79.39
70 - 140 105 185 10.01 89.40
140 - 250 195 114 6.17 95.57
250 - 400 325 61 3.30 98.86
400 - 650 525 21 1.14 100.00

Total 1,849 100.00

Ref : Bagasse Data from of Mitr Kalasin Sugar Co., Ltd., 2006. (Data Form Mr.Chatchaval Aiyathiti)
3. MASS RATIO (W) of Particle
VHIAUBIDUNA (Partical Size)
1 Y

J o { o o A | ' o .
lumiaamm‘uqﬂﬂimﬂﬂ AU m@y‘aﬁﬁ'l ﬂgﬁqwﬁamummmaumﬂw’d‘mﬂu ANUUNIYUDIVUIAVDIDUN A ﬁiJ']fJﬁ\i Lﬁ’umuﬁuﬂnan (Diameter) 1uﬂiﬁ
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Equivalent Volume Diameter (De) Dc(60L / T[Z)]/3
Dc = Dia. Of Equal Area Circle
o = Volume Shape Factor = 0.24*
Aerodynamic Diameter (Da) iHuidurguénarsveansanauiiianumumiu 1 nu de av.sw. uaziinnudanlueimenhsuveseynin

Y
' L ‘o ] , ° )
A1 Aerodynamic Diameter %u’ﬂgﬂﬂﬂllﬂﬂﬂlﬂﬂﬂ%}ﬂ?ﬂ 3ﬂiN HAZANNVUIUUYDIDUNIA ﬂ1u3mhlﬂﬁ]1ﬂﬁllﬂﬁ

112
Aerodynamic Diameter (Da) De(PTT/ Pde)

pd

X = Dynamic Shape Factor = 1.11*

Water Density = 1,000 kg/m3

Ref * : Hinds C.W. Aerosal Technology , 2nd, John Wiley & Sons, 1999.

Size Category | Midsize Number of g 3 Mass Ratio
De Da n,Da; TCPn.Da, /6

(Hbm) (Hm) Particle (n) M (%)
0-5 2.5 250 1.93 2.11 2.35E-15 1.48E-12 0.0001
5-10 7.5 463 5.78 6.33 1.18E-13 7.39E-11 0.003
10-20 15.0 419 11.57 12.67 8.52E-13 5.35E-10 0.023
20-70 45.0 336 34.70 38.01 1.84E-11 1.16E-08 0.492
70 - 140 105.0 185 80.96 88.69 1.29E-10 8.11E-08 3.441
140 - 250 195.0 114 150.35 164.70 5.09E-10 3.20E-07 13.580
250 - 400 325.0 61 250.58 274.50 1.26E-09 7.93E-07 33.642
400 - 650 525.0 21 404.79 443.43 1.83E-09 1.15E-06 48.820
Total 1,849 3.75E-09 2.36E-06 100.00

4.AIR POLLUTION CONTROL SYSTEM
Above Pollutant Condition, We Selected Air Pollution Control Devices as:
1) Multi Cyclone to Collect The Most Big Particulate from Exhaust Gas Before Flow Though Next Device by Dynamic Machanism.
2) ESP to Collect the Small Particulate from Exhaust Gas Before Flow Though Stack by Electrostatic Field.
Details of Air pollution control devices & Performance
4.1) MULTI CYCLONE
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Flow of Exhaust Gas (Q,,) = 64.02 m/s

Number of Multi Cyclone = 80.00 Unit
Flow of Exhaust Gas per Cyclone (Q) = 0.80 ms/ s
Q = AV
Minimum Velocity in Cyclone (vg) = 15 m/s
Area of Inlet Cyclone Require (Areq) = 0.054 m2
Standard Dimention of Stairmand High Throughput Cyclone o,
w =
o .
Body Diameter (D/D) = 1.00 m/m "' P
Height of Inlet (H//D) = 080  m/m |4 L
Width of Tnlet (WD) = 035  m/m [
Diameter of Gas Exit (D /D) = 0.75 m/m \ J ‘
\ /
Length of Vortex Finder (S/D) = 0.85 m/m Ivv l" ‘.4
Length of Body (L,/D) = 1.70 m/m \ ( |
Length of Cone (L /D) = 2.00 m/m ‘::J
Diameter of Dust Outlet (D /D) = 0.40 m/m v

Ref: C. David Cooper and F.C. Alley. Air Pollution Control a Design Approach. 3rd ed. Illinois: Waveland Press, Inc., 2002

4.1.1) Calculation Area of Inlet Cyclone

Body Diameter (D) = 0.40 m.
Height of Inlet (H) = 0.32 m
Width of Inlet (W) = 0.14 m
Diameter of Gas Exit (D,) = 0.30 m.
Length of Vortex Finder (S) = 0.34 m.
Length of Body (L,) = 0.68 m.
Length of Cone (L,) = 0.80 m.
Diameter of Dust Outlet (D) = 0.16 m.
Thus,
Area of Inlet Cyclone = 9 ((]3/2)2 -(D/ 2)2)
2
A, = 0055 m
A, > 0.054 m2 ceen. OK.

4.1.2) Calculation Cutoff Diameter (d,,)
Usgansmnvedlalnan

= ad o a a vl o A lllﬁ)d @ o 0 q¥a = o = =t o
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a7tz 1975v04 Lapple Model (1951)
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4.1.2) Calculation Cutoff Diameter (d_)

Cutoff Diameter (dpc) = oUW

2Ne(P,—P g)Vg

V1 = ANWHIAYPIDIMA (Dynamic viscosity) 1128 A lanSuaomuas-1u1i
w = anunhevesiemadn e Taau wiae was
v, = anuBiaunemad (nlet velocity) 1128 WATHOIUTN
Py = anuvuuiudy (Particle density) w11 flansudegnuinfiuag
P, = ANMWWUNLINRINA (Air density) #1129 f lanFuregnUIALAS
Ne = SwousevvesmsvyululyTnau wie sou
Number of Core (N,) = 3
Cutoff Diameter (dpc) = IUW
2N, =P,
d, = 897  Mm
TABLE : EFFICIENCY OF CYCLONE
Size Category | Midsize Number of nj mj njmj Emission
dp,,,/d, nj Penetration
(HLm) (Lbm) particle (n) (%) (%) (%) No.of Particles (n) Mass (g)
0-5 2.5 250 0.28 0.07 7.21 13.52 0.97 0.928 231 1.37E-09
5-10 7.5 463 5.78 0.41 41.14 25.04 10.30 0.589 272 4.34E-08
10-20 15.0 419 11.57 0.74 73.66 22.66 16.69 0.263 110 1.41E-07
20-70 45.0 336 34.70 0.96 96.18 18.17 17.48 0.038 12 4.14E-07
70 - 140 105.0 185 80.96 0.99 99.28 10.01 9.93 0.007 1 4.38E-07
140 - 250 195.0 114 150.35 1.00 99.79 6.17 6.15 0.002 0 0.00E+00
250 - 400 325.0 61 250.58 1.00 99.92 3.30 3.30 0.001 0 0.00E+00
400 - 650 525.0 21 404.79 1.00 99.97 1.14 1.14 0.000 0 0.00E+00
Total 1,849 100.00 65.96 626.00 1.04E-06
Particle Removal Efficiency of Multi Cyclone = 65.96 % X

g fludy
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4.2) ELECTROSTATIC PRECIPITATORS (ESP)
wsesandunun Tihadad duniesdenldus o Iwihlumsuenouniasennnanszuamalasiivanns Ae Tdiszy lvhlueyaa udueymaniilsz

a 2 4 ! 2 "] & Ao o o a a <
T I lwau Iihadad eynamariivzmaeuidmgninuuunsuiuFaisnd ldvhassiudusuveseynia Esp Hlszansnmmgalumsnueynindu
Aa 5 ' & a a8 a = A ' v q9 ' ' A '
ntvnaanna 1 luaseu Tasma Tdfisz@nsnmda 99.5% wiegand Tagiiuly ESP edraunsnarslumsniuguuaiye1Maved159149ATIHT TN
' 3 =
Tdun Tsalvlih waznide'ler (Boiler) iWhudu

4.1.1) Design Parameters

Parameter Range
Drift Velocity, w, 1.0 - 10 m/min
Chanal Width, D 15-40 cm
Specific Collection Area, SCA 0.25-2.1 mz/(mz/min)
Gas Velocity, u 1.2-2.5m/s
Aspect Ratio, R 0.5-1.5
Corona Power Ratio, Pc/Q 1.75-17.5 W/(m3/min)
Plate Area per Electrical Sections, Ns 460 - 7400 m’
a. In the Direction of Gas Flow 2-8
b.Total 1 - 10 bus sections/(1,000 ms/min)

Ref. : C.David Cooper and F.C. Alley, Air Pollution Control : A design Approach, Waveland Press, Inc., 1990.

4.1.2) Design Parameters

Plate Height, H = 10.0 m.
Plate Long, Lp = 8.0 m.
Channel Width, D = 40.00 cm
Gas Velocity, u = 2.50 m/s
Aspect Ratio, R = 1.25

= a o . ¥ o a a 4 .
4.1.3) Number of Duct,(Nd) Duct 3® Bus Duct iumadu llihd i it lwihadad ileusneyniaduesnainnszuaig

Nd = Q/uxDxH
Total Gas Flow Rate (Q) = 64.02 mS/s
Gas Velocity, u = 2.50 m/s
Channel Width, D = 40.00 cm
Plate Height, H = 10.00 m.
Nd = 64.02 /(2.50 x 40.00 x 10.00)
= 6.40 Ducts
Choose Ns = 7.00 Ducts

a a Ed o o 4 o ' g
4.1.4) Number of Section, Ns 1Js2anTAIMUea ESP VYHOYNVIIUIU Section ‘Vidiﬂ Field Lﬂ%i’N ESP sinueeonilunaile Bus Section ‘Vi%@ Field
Tuidiag Bus Section 9¢1 Transformer - Rectifier Set YB4A304 10U UUUIA Power Supply IHmingavdmividazan1izmsauasedlu ESP

Ns

RxH/Lp

Aspect Ratio, R = 1.25

Plate Height, H = 10.00 m. ':
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Plate Long, Lp = 8.00 m.
Ns = (1.25x 10/ 8.00)
= 1.56 Sections
Choose Ns = 2.00 Sections
. A A4 g - P} =
4.1.5) Actual Collection Area, As A9 WUAVBIUHWAUAY (Plate) Navualuanmldanuaia
As = 2xHxLpxNsxNd

As

2 x 10.00 x (8.00 x 2.00 x 7.00)
2
= 2,240.00 m
4.1.6) Specific Collection Area, SCA A0 8AT1AIUVDINUNAIVOUHIAY (Collection Plate) Apdai1m3 lnaveamaruaied ESP luaninld
AT agueaasluauns
Specific Collection Area, SCA = AIQ
= 2,240/ 64.02 x 60
23
= 0.58 m /(m /min)
(In The Range of Design Parameter)
4.1.7) Plate Area per Electrical Set = As/Ns
= 2,240 /2.00
2
= 1,120.00 m
(In The Range of Design Parameter)
4.1.8) Drift Velocity, w,
-18 2
w = (6.64x10 )E /|
E = Average Electric field, V/m
= 4,300.00 V/m
d = Particle Diameter, mm
4.1.9) ESP Efficiency

aumshianiumnlumsunlsz@ninmveunsos ESP Avaun15uea Matts-Ohnfield %4 lddau/asaun1svee Deutsch Anderson Taons 14

v
Y '

A1 K Factor #a0aAaug 0.4 - 0.6 aanaaalueums

Use Matts-Ohnfeldt equation and k = 0.5

n = 1-exp (-weA/Q)Q5
Size Category | Midsize No. of Mass We Collection eff. Efficiency
Da Penetration Emission
(Wm) (Llm) Particle (n) (2 (m/s) (‘r]) (%) No.of Particles (n) Mass (g)
0-5 2.5 250.0 2.1 1.48E-09 0.108 0.61 0.390 0.125 97 6.13E-10
5-10 7.5 463.0 6.3 2.74E-09 0.323 0.94 0.059 0.578 27 1.71E-10
10-20 15.0 419.0 12.7 2.48E-09 0.646 1.00 0.004 0.012 1 0.00
20-70 45.0 336.0 38.0 1.99E-09 1.939 1.00 0.000 3.689 0 0.00
70 - 140 105.0 185.0 88.7 1.09E-09 4.524 1.00 0.000 8.607 0 0.00
140 - 250 195.0 114.0 164.7 6.74E-10 8.401 1.00 0.000 15.984 0 0.00
250 - 400 325.0 61.0 274.5 3.61E-10 14.001 1.00 0.000 26.639 0 0.00
400 - 650 525.0 21.0 443.4 1.24E-10 22.618 1.00 0.000 43.033 0 0.00
Total 1,849 1.09E-08 52.56 98.67 125 7.90?10
~¥
wsgmed fus
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In This Case, It is Assumed That the Particle Removal Efficiency Lossed 1.5% (from Factors of Operation)

Particle Removal Efficiency of ESP 98.67 x (0.985)

I
o

7.1
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SOLID SEPARATION — ANAEROBIC FILTE

BT - SERIES
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aethiaindas Hagnmnazneu-nsedlzeimamealududeIny 31 BT-1600

1 swazidaalaginll

I o o % o 9 o o A . .
L1 duszumhiaii@edusegUuuudinm Taserdeszuviiniastiauenninazneu - n504130109f (Solid Separation &
{ a 4 v o & o o
Anaerobic Filter) Taom3mziageqaunsdasdoinim (Bio-Media) Tudsdi5ogilvirde Tvlwesnare (FRP) toeiums
o ' 2 ' o ¥ o ' a o ' a v Ao
fanseuueansa-a1e aitlueded aunsasmindelalusasihimu 1 m3/day vieudlsiuld lumunnanmvua

Aam1s1anazaINszus Nl Tod 14 1A u 0.25 kg BOD/day

i TeAngszuy 8n31ms lvia
(mg/L) (m3/day)
190 1.32
210 1.19
230 1.09
250 1.00
270 0.93

2 . - :
12 annsafuiSumanuanlsnveainelugilvesal BoD 18 250 mg/L tazamsatinialiian1 BOD senainszu

T3ishu 40 mg/L

o

a ! o CY ’a’ = = dy
eazdeadIulszneuszunalude Laall

- @IULEANINALNBU (Solid separation chamber) 15mas hifesnn 1.36 -
- @uns041591MA (Anacrobic filter chamber) 151035 lidesnin 0.34 -
P51assmlidesnin 1.70 -

2 Taquazlassadavesszuuiharinde

21 g : dnaTrwes nanenaiuuss
H o < 9 9 v 1 [l a A o
szuumelu : wsmshaduiesdmSurielumsdesaasasdounsd
v o A~ . . A @ 4 1 o a adq
Moludadaus39@0310 1M (Bio-Media) titorluiogeidoveqaunsd
= z/
j1nsa : nAN3 A
o 9 ] o "y 1 "y 1
YUIATY : durugudnaialidesnd 1.385 m waganugahitfeondn 1.67m
= "y '
anunu Taemae litfesnd1 5 mm
v a v a = dai’,wow%'d yzt:'dc!
sy : nanvINTaguaradn elied (ABS) nsdliandetainiaidelaiunmie
¥ o o v& A4

22 A%

A IR

dmfuliyaunsdommenazilosiuaznoungaeeniinszuy

A A Y
¥iin : naoun'ld
Talg) : Inalensay (LDPE)
X da o 'y ' 2 3
NURRIT UL : Tidpenn 105  m/m
Pnasussy : Tddesnn 024 o
23 Weuazvose
o Y =) a 4 o o 1] (k) [ [
e Inaladanas 158 (PVO) Class 8.5 dwmsune lisunsaduneusnd uml; i “-1

808.473
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Yoyalumseanuuy

FIIMIMUIMINATFIM 31 BT-1600

v

2oy
LRGN EEATAT

1 BOD 1gszuu lifiunan 250 mg/L

|

AIULLNMNANENDY (Solid separation chamber)

4

aunsedlformea (Anaerobic filter chamber)

on31ms lvia
1 BOD 115Uy

a a
MILVIINNATOUNTI g1 BOD
A1 BOD 99A91NTLU ; ANRAY

1szansnmlunsannl BOD

1SS 1Ngszuy ; Ande
A1 SS 9ONINTLUL ; AINAY

szansamlumsann SS

BT-1600 147U
Wurugudnaiads
ANUPIN
Tnastinia

J5u1msve9aInais

!

Y
WUTe00nNIINTTU

A1 BOD frumsififa lunundi 40 meg/L

=< 1.00
= 250
= 0.250
= 40
> 84
= 300
< 50
Ed 83.33
= 1

= 1.385
= 1.670
= 1.700
= 0.24

2/4

ms/day
mg/L

kg BOD/day
mg/L

%

mg/L
mg/L

%

tank
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2 FIUNINMNAZNOY (Solid separation chamber)
' 3 o o 3 a X 9 o g4 < a '
ﬁ")u!LFJﬂfﬂﬂ@]zﬂ'ﬂulﬂuiS‘].I‘]J‘]JWU@HHﬁEJHJ@QG]H MAUINUINUDIULVIDDNIINVDIUHN A LAZINANITIDITDY
a A A A v R o Y Ad o < A ' P Ryt a aq
f;‘ﬂiﬂuﬂiﬂﬁiﬂﬁﬂﬁﬂﬂiﬂiuigﬂﬂﬁuﬂ MAUTNDUNNUDIULUINTDNINASNDU mﬂmzﬂﬂumuwuwuﬂumsaumﬂ
' H

' ' A A Ay o A o o o a % A
ﬂ&’gﬂﬂﬂﬂﬁﬁ']ﬂulﬂﬁ']uﬂl‘ﬂﬁﬂﬂgﬁgﬁﬂﬂgﬂﬂuﬂﬂ ﬂ']fW]gﬂﬂu(ﬂllﬁ’luWﬁlllﬂllul!ﬁzqmmuﬂgﬁﬂﬂﬂﬁﬂgﬂuWUHW feanilsn

2 oA o ' & A Ad o a ' A A de q ¥
1uu1lﬁﬂ1ﬂgﬂﬂﬂ’ﬂgjuﬁﬁulLﬂﬂﬂ1ﬂ@]$ﬂf]1‘l%uﬂuﬁ?§@u1ﬂiﬂi]&’tﬂﬂﬂ']iﬂf]ﬂﬂﬁ']ﬂiﬂﬂﬁ!ﬁu‘ﬂiﬂ TW’Jﬂllllbl"D‘fﬂﬂTﬂ

#0313 lvia < 1.00 m’/day
1denly A1 HRT = 24 hr

- 1.00 day
Basiideams = 1.00 m
5asesedmsudiuuennnaznou = 1.36 m

> 1.00 m OK
Uszansamlumsthiadminaind > 50 %
1 BOD Airhumsifnia < 125 mg/L

3 drunsedliorma (Anaerobic filter chamber)
' P o Y Ao w ¥ a4 ' a3 ' o w1 A o YA o
aunsedlFerme simhiniiaindenunauuenmnazaeudnase luaiviiaautidluaiuihia Tasldaesinmn
3 o 4 a S a ' { o { ' a o 3
(Bio-Media) 1 udnaaie ligaunsdusiia lildermanimnhnlumsdesaaoasounsdoamziluilaudinm

g ﬁ' ' o o S = ra '
‘L!TV]WTL!fﬂﬁJTlJﬂﬂgiJﬂT]JIf’)ﬂ‘lmﬂ‘L!ﬂ'ﬂ 40 mg/L

Biochemical reaction :

Unoxidized organic matter (BOD) —— Organicacids + CO,+ H,O+ energy
Organic acids — CO,+ CH, + energy
Unoxidized organic matter (BOD) + SOi4 ——» CO,+ H,S+ energy
Unoxidized organic matter (BOD) + NOi3 —» CO,+ N, +energy
on313 Ia < 1.00 m’/day
BOD loading = 0.125 kg BOD/day
1don19a1 HRT = 6 hr
= 0.25 day
WBasiideams = 025 m
uasesedmsuaiunsealionme = 0.34 o OK
> 025 m
MIzUIINNABLTIAT = 0.525 kg BOD/m3—day
(Chernicharo, 2007, p 78) < 0.750 kg BOD/m3-day OK
Uszansamlumsihiadminaiud > 68 %
#1BOD fignihia > 85 mg/L
1 BOD #isumsiinda < 40 mg/L OK

e fus
#0.473
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T18asPeAVeIAINANNAIaAN ;-

FHAUIAINANY : ndeuii g

Jer9 : Inaensau (LDPE)

Hufifrsumne : 105 m’/m’

Binasveadnaraiidesns = 0.17 m

Wnasvesiina1ai 1 = 0.24 m OK
4 mmaagifesmualumsesniuunaziBanasilieds

BIOTECH MODEL : BT-1600

ﬂ?mmﬁnﬁmﬂ’fmjiznu < 1.00 m’/day

flefvindn < 250 mg/L

fiTedita < 40 mg/L

szaninmaaiihiia > 84 %

g : Tvliuesnana (FRP)

U : 1 tank

5nnsiida He feonuuL mildaia

TIULENNIAATNOU (Solid separation chamber) m3 1.00 1.36

arunsodlFerma (Anaerobic filter chamber) m3 0.25 0.34

151105909670a19 (Bio-Media) - 0.17 0.24

3202 M0UAN (HRT) hr 30.00 40.80

ass m 1.25 1.70

1PNA1391994

1. UNEP (EDITOR) (2004). Improving Municipal Wastewater Management in Coastal Cities. The Hague:

United Nations Environment Programme Global Programme of Action (UNEP/GPA), Coordination Office. 54 p.

2. POLPRASERT, C.; RAJPUT, V.S. (1982). Septic Tank and Septic Systems. Bangkok: Environmental Sanitation Information Center. p. 11-15.

3. Mara, D. D (1978). Sewage Treatment in Hot Climates, A Wileys-Interscience Publication.

4. Metcalf & Eddy (1991). Wastewater Engineering : Treatment Disposal Reuse 3 Ed., McGraw-Hill.

5. naen nasgny Ty, (2539). '1Jsg?m%mwmsmﬁm?nﬁﬂmﬂiimmwﬂﬂﬂ?‘ﬁa?uéhﬂanﬁﬂmiq“l%’mmﬁ. Vadainods unanndoinyasmans nn

6. Chernicharo, Carlos Augusto de Lemos-Anaerobic reactors-IWA Publishing (2007)
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MANHOLE 20.50m. VENT PIPE 82"

BIOFLEX BIOFLEX
INFLOW @4~ OUTFLOW @4”

At AT
0 o
= L
o -
.

L 1.30 L

PLAN - VIEW

BIOTECH MODEL : BT-1600

ANAEROBIC FILTER

MANHOLE 90.50m.
SOLID SEPARATION CONCRETE STRAPPING
RBE @0.20m#
INFLOW 24" OUTFLOW 84"
Ao o 2580 -
SIS N 19 NG\
P()' T ] m
) > —{HH ,=| 'ﬂ:ﬂ]%g > =

1.67

MEDIA LDPE. (105m2/m3)

s J
; REINFORCED CONCRETE (0.10m.)
RB9 @0.20m.#
LEAN CONCRETE (0.05m.)

COMPACTED SAND (0.10m.)

SECTION - VIEW

Qin = 1.0m7/day Q out = 1.0m¥day
BOD in = 250mg/L T=—>| SOLID SEPARATION |:(>| ANAEROBIC FILTER (MEDIA)|==> s00 out = 40mg/L
SS = 300mg/L SS = 50mg/L

PILES : HP—-0.15x4.00m.

- Ok
o o
bl ©
O ‘éi% ‘«i}
5 Of
0.1p 1.00 0.15
T T
L 1.30 |
7 1
PLAN - PILES
Body Tank : FRP. (FIBERGLASS REINFORCE PLASTIC)
Height = 1.670 m.
Diameter = 1.385 m.
Thickness = 5 mm.
Bio Media : LDPE.
Surface area 105 m 2/m?
In — Out @ 47 . PVC.
Ventilation ® 2" . PVC.
Standard BIOTECH
ISO 9001 : 2015 (AMINIIHAR)

Remark
Piling and foundation design, s < | Lo
determined or omitted based on a--.a
soil bearing capacity by consull” ¢

with civil engineer.
wegmed fudy
#0.473

‘BiolEch

FIBERTECH CO.,LTD.

OFFICE @ TEL. 0-2721-0730-4
FAX. 0-2721-0735

E-mail : contact@biotech.co.th

Website : http://www.biotech.co.th

THIS DRAWING 1S ISSUED BY FIBERTECH CO.LTD.
‘SUBJECT TO THE CONDITION THAT IT IS NOT COPES,
REPRODUCE OR DISTRIBUTED EMHER IN WHOLE OR
IN PART.OR USED IN ANY WAY TO FIBERTECH CO..LTD.
ALL SPECIFICATIONS ARE SUBJECT TO CHANGE
WITHOUT NOTICE.(BIOTECH 0-2721-0730-5)
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I o w g = ) = o SYSTEM F
LﬂuizunmmmmﬂmmgﬂLm‘ummw TﬂﬂﬂWﬁﬂi%‘U‘U

jaxtiaenmnaznou — n5e41501m# (Solid separation &

. Y A Sy ]
Anacrobic filter) TAgMIMNIZIAGIAUNI IA10TOTINN gl

| ANAEROBIC FILTER CHAMBER
[ 1 1 Y I 1 ~
NIINANIDUUBDINTA-AN blﬂ!ﬂuﬂﬂ”lﬂﬂ ﬂ

(Biomedia) ludaduFagal virdae lvliwesnare (FRP) oy

. . 44 Model
UDNNTIUNLLALIA  soeciicatons
o BT-200 BT-400 BT-600 BT-800 BT-1000 BT-1200 BT-1600 BT-1800 BT-2200 BT-2600 BT-3000
infiagan, SEW 1 1 2 3 3 4 5 6 8 9 1
aAsTiinede
awzdan, S 1 3 3 5 6 9 1 13 17 19 23
Minfiasan, saw 2 3 4 7 8 11 13 16 21 24 29
Suauifli (An) &ninau
Population (person) hawnzdion, S 2 4 5 8 10 13 16 19 26 29 35 4
Treau Infiesan, S&W 3 5 6 10 12 16 20 24 32 36 44 5
AnuANEN hannzdon, S 3 7 8 13 16 21 27 32 43 48 59 75
Fuawng anzdon, S 5 10 12 20 24 32 40 48 64 72 88 112
filaAdinszay (un./a.) Influent BOD (mg/L) 260
Bainmiiladidszuy (nn./ Fu) BOD loading (kg/day) 0034 | 0065 | 0078 | 0130 | 04156 | 0208 | 0.260 [ 0312 | 0416 | 0468 | 0572 | 0.728
Hlofi BOD s 175 mg/L 0.19 0.37 045 0.74 0.89 0.24 1.49 1.78 2.38 267 3.27 4.16
200 mg/L 0.17 0.33 039 0.65 078 1.04 1.30 1.56 2.08 2.34 2.86 364
Funanindeda (aua/duw)
220 mg/L 0.15 0.30 035 059 0.71 0.95 1.18 142 1.89 213 2.60 3.31
ww flow rate (m3/d)
260 mg/L 0.13 0.25 0.30 0.50 0.60 0.80 1.00 1.20 1.60 1.80 2.20 2.80
300 mg/L 0.11 0.22 0.26 043 052 0.69 0.87 1.04 1.39 1.56 1.91 243 3
iilafeanannszuu (un./a.) Effluent BOD (mg/L) 40
1331ms6959x (AU.3.) Total tank volume (m3) 0.20 0.40 0.60 0.90 110 1.30 1.70 1.90 2.30 270 3.30 4.30 5.2
Foanm LEumsussq (au..) Fill volume (m3) 0.06 0.08 0.12 0.18 0.22 0.26 0.34 0.38 0.46 0.54 0.66 0.86 1.04
i L e
Biomedia 1719 (m3.81.) Total surface area(sq.m.) 6.05 8.8 13.2 19.8 24.2 286 37.4 418 506 59.4 726 94.6 114.4
NNE93IN Total width ‘W 0.868 o8ed 1185 | 1185 | 1.185 | 1.185 | 1.385 [ 1.385 | 1635 | 1635 | 1635 | 2035 | 2035
AN Total height TH1 0.679 i 1200 | 1400 | 1580 | 1825 | 1670 | 1.855 | 1640 | 1860 [ 2170 | 1.930 | 2280
PRI (4.)
Dimensiom (m) brezfiaaviaidin Inflow pipe depth H2 0.17 017 | 0325 | 0325 | 0325 | 0325 | 0325 | 0325 | 0325 | 0325 | 0325 | 0425 | 0.42
brezfiaavienan Outflow pipe depth “H3 02 0.2 0350 | 0350 | 0350 | 0350 [ 0350 | 0350 | 0350 | 0350 | 0.350 | 0.450
e (1) viatin Pipe :D1 75 75 100 100 100 100 100 100 100 100 100 100
Pipe D (mm) ¥ie3EN8RNA Vent pipe .D2 25 25 50 50 50 50 50 50 50 50 50 50
. urhAudnans (aa)
#lia Manhole cover 500 500 500 500 500 500 500 500 500 500 500
Diameter ( mm.)




BT - SERIES

A Wi

o ” o o o O = o [~1 ' .4] = o o o o o” =
ﬂQLL‘LII'i’JL‘VIﬂ Lﬂuﬂ\‘i‘]_l’]‘]_lﬂu’]L'ZQF;I@']L?’QQTJVLWLU@?TM’]@ FIDONULLLIUN LAY A 1UFLUNTATNAS
HAuudsusanumusausanasulERuge mezinfasliueinatasuuss Aslaanaiin 1

0%

yadatnadseudnenldans lusrasenailasudussuutintauuusan (Centralize)

TOP - VIEW

SECTION - VIEW

o ag lluainmmeinuse Fiberglass Reinforced Plastic

* ian ABS (Acrylonitrile-Butadiene-Styrene)

o iag Tudariduniiannaumunings High Density

Polyethylene

* laaswlsn (Diaphragm)
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THE BIOCELL

MEDIA

Understandmg the reasons behma the dramatc impact the Biocelt ras had
o gersrpming of Ui wwasiewealey it unils o8 Mol anpoetant

Study of the anaercbe. aerobe and anoxic microorganisms over many years
has revealed teir respechive nabils. srengihs. weaknesses ang charactensics.
This knowledge has brought above many varrious products designed 1o keep
tham hegey Seme wuse twed mempranes. others use tan shaped Hoatng
platiorms. others meces ol polystyrene toam etc. All these things make a place tor
P o cedcpanineiig, Bl diw vl o pestorTRancs

The Bwooell iPatented) has proven o moet it the desires of the 3 ivpes o
UG ODIgRREmS A% lnanis plus grer Fe engeniet. e means i

oot Ewisaereg)

dainier i e e oosgai e slection

Prowin mokvity and saids gatienng to ait pans of the chamber
Raimcrad ofdl s r1e oo faresams

ihe Bioceli s 2 mobds plashe home 1or mictoorgaresms, lighd Bncugh o move
abowt throughowt the whole chamber with the water fiow calching sokds.

Ty nowmnni e span of @ MESIOONZANTSM & R & Mmun 10 0 Kk wWieks e
mes! and a5 it gets old i bacomes weeker and breeds less. Bocel by wirtue ol its
matenal #s shape. i moves apout knock'ng on e gnds - siges and o ea:.
other dislodgng the residue and the oid cofis from the home leawng oniy negity
WEHENG Pirry, witiky. AOIOOMInnSTS willhin ar on o Biocel

The Biocell even 10 our simplest unt enables a Ioially new efficient ann
exvnpane i bo Be deianed Wat s tar dilfarent tran e ol sephe system nnd i
i RO O DdiTRkEasE i slloanoy

quﬁsmﬁdﬂnﬂaﬁb’dﬂf&. PWTR A0G &% eee forms o
MICIOOIJANISMS. AN fremendousiy in sumiiar eliciency and £ontrol due 1o the
Hrinces)

CONTROLLED GERM WARFARE
Ali hactena prefer nane iving waste but d that not availabie. fhey will eat ther own
kind or other breeds of bactena. Example "Anaerobe” will eal “Aergbe or-Anoxic’.
Fier - Toch onginonns nave boan able 10 mprove bl on tles agen s Lo

{heir Eacecsl By dbpiention, bewading, and conlenl

ENAMPLE

As awplaned cariler, e wesk:old baclenia & disgarded b the R s §
knocks about its chamber_ 1 the weeliold dislodgea bactena Hodts over mio the
nanmally weaker “Asrobe” chamber he heay vBran! young ASIoDe uel gty
attack the weakened old “Anaecrobe’ Une must remember the comtans oY ha
Elanoall Ane &0y By e ~Apnobe” alsa

Trigre Shirgily = o way The mass of ngry “Snasmbe” cam moun] &0 ANack
o thes naved cnambes

Even in 2 large water surge the heaithy "Anaercbe” wiil sick 1o his home which
CAN nok mowa ol of A% oFgmal Ch AT

Biocell media

High density polyethylene material,

Biocell media specification

no digest by bacteria.

-

Type L
Shape Egg shape hollow shell
Maximum [.D. ; m.m. 75.0
Length ; m.m. 90.0
Minimum 1.D. ; m.m. 50.0
Surface area ; m2 0.054996
Material LDPE
Specific gravity 0.964
Specific surface area ; m2/m3. 105.0
Void Ratio ; % 97.42
FIBERTECH CO.,LTD.
mm 36 MOO 15 SOl RAMANIVEJ, KING-KAEW RD., BANGPEE &
SAMUTPRAKARN Tel. 02-721-0730-5 Fax. 02-321-4854

www.biotech.co.th  Email : contact@biotech.co.th
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PROJECT DESIGN : SEWAGE SYSTEM HIGH BOD CALCULATION

a o ¢ an o

a o 9
UVIBN NNYWINT vlﬁ‘lJ‘éﬂ!'t)‘N!‘N'E)il 1NA

v ¢
T o '

a 2 o A Y. U aa
N ﬂTl.Ia‘VaNIWﬁ DUNVAZTWIUHU IHIANIAT

M3197 1 MINIUVINANS 18251952V UBITTUVIIVTNNIEY : HIGH BOD

SEWAGE SYSTEM HIGH BOD CALCULATION

Joyavenuuy foszneisiianeunin 319328 Aga. (n = 0.015)
Symbol Q Qx| SF.13 | Dia. Slope | QFull | QFull | VFull | Q/Qf a/D vIVE v b y A R s Q1 Q.
Line Drainage
3 3 3 3 3 2 3 3
m /day | m /hr m /hr mm. m./m. m/hr | m .J/sec. | m./sec ©) ©) ©) m./sec. m. m. m m. m./m. | m/sec | m/hr
e a o o w @
A dudeannainsdsedrivaesniinau 7.36 1.23 1.59 150 1/750 8.68 0.002 0.137 0.18 0.285 0.77 0.105 0.30 0.30 0.09 0.100 1/750 0.05 169.92
3 A o N N 4 H H H X o
B uw:muﬂmwamama:muﬂaﬂﬁﬁ 220.80 36.80 47.84 BY PUMP (@‘smm‘smuam 1.1 i121mim'mmmumm%Begmmn?ﬁlmnmnﬁﬂmnmwamﬂmmammuﬂ:muﬂmnéﬁ )
C ﬁuﬁmmmiqiauﬁua 8.00 1.33 1.73 150 1/750 8.68 0.002 0.137 0.20 0.293 0.78 0.106 0.30 0.30 0.09 0.100 1/750 0.05 169.92
3 & 3 & 3
D hdududleusiudlewiniu 11.70 1.95 2.54 150 1/750 8.68 0.002 0.137 0.29 0.367 0.87 0.119 0.40 0.40 0.16 0.133 1/500 0.12 448.20
3 R
E UUFYIINYANAMNIUDNNUITIUFOINAY 1.30 0.22 0.28 150 1/750 8.68 0.002 0.137 0.03 0.120 0.47 0.064 0.30 0.30 0.09 0.100 1/750 0.05 169.92
LGERER Tada YATIN 2 3.18 4.13 150 1/750 8.68 0.002 0.137 0.48 0.482 0.99 0.135
YATIN2 Tada ATV 3 3.39 441 150 1/750 8.68 0.002 0.137 0.51 0.500 1.00 0.137
39w 3 llda eriniainde High BOD 473 6.14 150 11750 8.68 0.002 0.137 0.71 0.626 1.06 0.145
Vﬂ‘ﬂsﬂ‘ﬁ 2 miﬁmammm'via L!Z12,'51\ﬁ5U1ﬂﬁ1’u§)§‘§3ﬂﬂ5')ﬂi?ﬂﬁ1laﬂ : LOW BOD
SEWAGE SYSTEM LOW BOD CALCULATION
%’au‘,aaammu feszennyHianeunIn 519521181 Aga. (n = 0.015)
Symbol Q Qpx | SF.13 | Dia Slope | QFull | QFull | VFull | Q/Qf a/D vIVE v w D A R s Q1 Q..
Line Drainage
3 3 3 3 3 2 3 3
m /day | m/hr m /hr mm. m./m m /hr | m .J/sec. | m./sec ©) ©) ©) m./sec. m. m. m m. m./m. | m/sec | m/hr
? = i
a hszanenannvdelo 29.70 4.95 6.44 150 1/750 8.68 0.002 0.137 0.74 0.653 1.07 0.146 0.30 0.30 0.09 0.100 1/750 0.05 169.92
3 2 '
b Mz InHenaeIiu 139.57 23.26 30.24 300 1/750 55.14 0.015 0.217 0.55 0.525 1.02 0.221 0.30 0.30 0.09 0.100 1/750 0.05 169.92
¥ 7 - 3
c mIzanenanszuunamily 63.59 10.60 13.78 200 1/750 18.70 0.005 0.165 0.74 0.646 1.07 0.177 0.30 0.30 0.09 0.100 1/750 0.05 169.92
ATV 1 Talda ﬂEJEJ“U 28.21 36.68 300 1/750 55.14 0.015 0.217 0.67 0.600 1.05 0.228 0.30 0.30 0.09 0.100 1/750 0.05 169.92
' o o Y2 o N 4 H H @ o S
vegu ldiszuudansinie Low BOD 38.81 5045 BY PUMP (@518M5A1u384 1.2 Siemsinnainansesguin@ennindenndegulifaszuudansiniia Low BOD)
MedamsmuIn
3 2 o o o o 3 ]
ideanninsdseiriveesminau = 7.36  m /day ﬁah:u'muﬁ!-ﬂ'lmhu
a 2 o -
ﬂﬂlﬂﬂu1lﬁﬂﬂ1uﬂu = 1.00 Sources 'y - (" T ——
L = ' o A 3
14 = . d.
UATYRAIUDILAAS LW AINUUA 7.36 m /day B = o | B |-"_- -T
Peak flow = 4.00  time of average of wastewater flow T B ¥
a
- 125 m/hr +
, = - Skope | —
Safety Factor 30% = 159 m/hr
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PROJECT DESIGN : DETENTION POND & DRAINAGE SYSTEM CALCULATION

¢ an a A o v
VIEN wawam"lamﬂmumaﬂ 1NN

Y <
AUl 39H Muaadns Sunenznuhiu JanIaNINg

1. MIMIUBATIMINAIMNgIga
o ¥ .
sasimsinanmgaga awsadaldnnauns
Q = 0.278CiA
o a ¥ 3
iile Q = 8031MINANINIGIgA, m /hr
v eom L8
= dulszansim )
i = AMUNAY, mm./hr

SRV 1 2
UNTUUL, m

Il
=)'

A
Taslumseenumnasiuiansail g el
AnuTuH (1) = 116.80  mm/hr
Fulszansiih ©) = 0.7

2. MIMMIUIAIMS Inaluneszueieuvadlasams

= o @ 1 H = 4 = J
i1ﬂﬂ$1®ﬂﬂﬂﬁﬂ1u3m@ﬂi1ﬂﬁhlﬂaiu‘ﬂﬁ]i%‘]ﬂﬂ%ﬂﬂu‘*ﬂﬁ]ﬁiﬂiiﬂﬁ “]i\‘ih]:ﬂl,!ﬁﬂ\‘ihlﬂuﬁﬁ'lﬂﬂ 1 Tags1oms iy

'
A a

' 2 o o A A a &
ﬁalflﬂufﬂmﬂumamﬁmmsmmmmm WUNUITNIU AL UAZNUNUITIU A2

] P vy oA
2.1 UMV UUaUN 1

v
°

@ Y a = A A
Fuihdun Al (dN2UDNA1T RD-01) Taglvuianui 18,207.00 MINLUAT
MurwsnsINs lnasingas

Q = (0.278 x CIA x 10®)

(0.278 x 0.7 x 116.80 x 18,207.00 x 10"-6)
= 0.41 1.3/

1oAY Safey Factor 1.3 921i0a351M15 lain1n 0.54 av.u.aeIui

2.2 IAUMETZVEHUTUN 2

v
°

o Y a a A A v Y g A
51.|1“P~Iuﬂ']ﬂ A2 (919990NA15 RD-01) Iﬂﬂllsllu']ﬂwucﬂ 8,149.00 MTNIUAT LAZITIUNWAUNWICVWUUTUN 1
Murmeas s lnanngas

-6 o 3 a
Q - (0.278 x CIA x 10°) + 5auAUIEUN eI ZU 0 U UR 1

(0.278 x 0.7 x 116.80 x 8,149.00 x 10"-6) +0.41
= 0.19+0.41
a ~
- 0.60 av.u./Aum
11/oAMAG Safey Factor 1.3 9¢8on51M13 Inamny 0.78 av.u.AeIud
3. msannafSnanihineumaz naaiainlnsams
° = 1Y ¥ o = o Yasy ° o
nawamsmuaFeuiisusamsszusihnouraznasmniimsiannIasans Tagldsmssuamuussunua
{ v ' ' H
(Rational Method) A midua 116.80 iaamasaeda lus agil lanIasamsiianudeanmsmisahluiSuas
e = ° o a4 = Yt 1 H g
6,486.67 gNUNANILAT (51982188ANTMUIMUAAINIANT1N 5) Teeonuuy IrTivoniinh USuassI1 31,518.00 gnunaniuas E

' Z =2 ~ ' ' H
lumsnurahduaadilsuesfisaneaonsnulsaiduvedInsans L=
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PROJECT DESIGN : DRAINAGE SYSTEM CALCULATION

Ay o lan

VIHN NWSNINT

lausaemued s1in

aowunadsanm muagadnt suneazinuiu Siniaidns

ﬂTﬂﬂ‘ﬁ 1 miéhmm'uumﬁé) Ll'ﬂ:ﬂ?ﬂﬂ'ﬂ1ﬂLSFJ~3°IJ’BN‘§:HiJ‘§'J‘Ui?N‘i:IW]H
" i S o Check Safety
VYaijavantuy NAITVWMIFUARDUNIA
| Factor > 1.3
Area C 1 Q Qi ka Dia Slope Q Full V Full Q/Qf d/D v/VE v
Line Drainage N ‘ ‘ ‘
m ) mm./hr m /sec m /sec m /sec mm. m./m. lit./sec. m./sec ) ) ) m./sec.
Al 18,207.00 0.70 116.80 0.41 0.41 0.54 800 1/500 0.59 1.178 0.909 0.791 1.07 1.26 Yes
A2 8,149.00 0.70 116.80 0.19 0.60 0.78 1000 1/500 1.07 1.367 0.726 0.640 1.07 1.46 Yes
A3 13,191.00 0.70 116.80 0.30 0.90 1.17 1200 1/500 1.75 1.543 0.670 0.600 1.05 1.62 Yes
ﬂ'li'lsiﬁ 2 miﬁm‘;mmmﬂﬁa L!i\zﬂ'J'INﬁ'IﬂLS?JQm8»ﬁZ'ili]i'.)il‘i?l‘ﬂﬂwlu’llaﬂﬁﬂizll'lﬂﬁ1!!mu§ﬂ1ﬂ1uﬁuﬁ§ﬂﬁ]
Yoyaveniuy Mesznmhwianounin Check Safety
Area C 1 Q Qi mek Dia. Slope Q Full V Full Q/Qf d/D v/IVE v Factor > 1.3
Line Drainage >
m ) mm./hr mz/sec mz/sec mz/sec mm. m./m. lit./sec. m./sec ) ) ) m./sec.
Al 18,207.00 0.70 116.80 0.41 0.41 0.54 800 1/500 0.59 1.178 0.909 0.791 1.07 1.26 Yes
A2 8,149.00 0.70 116.80 0.19 0.19 0.24 600 1/500 0.27 0.972 0.876 0.761 1.07 1.04 Yes
A3 13,191.00 0.70 116.80 0.30 0.30 0.39 800 1/500 0.59 1.178 0.658 0.594 1.05 1.24 Yes
a o H = H ) X Ay o
MINN 3 MINUIUVUINTNTEVIYH uazﬂ3mmmam‘umizumauswmdu i1Qiﬁﬂ1ﬂu1ﬁﬁﬂﬂ“ﬂuwuﬂiuu1 (gﬂamauu)
Yoyaveniuy eszneshmvanmeluinuinsy Fviaea)
Area C 1 Q Qo szk* b y A R S Qcal. Check
Line Drainage N N N N 7 N
m ©) mm./hr m /sec m /sec m /sec m. m. m m. ) m /sec SF.>1.3
A0 18,207.00 0.70 116.80 0.41 0.41 0.54 0.40 0.90 1.98 0.164 1/750 1.44 Yes
Al 8,149.00 0.70 116.80 0.19 0.60 0.78 0.40 0.90 1.98 0.164 /750 1.44 Yes
A2 13,191.00 0.70 116.80 0.30 0.90 1.17 0.80 0.90 2.34 0.277 1/750 2.42 Yes
a ° H = H H X du o 2 A
M99 4 MIMUIVVNATINIZVIBIN HAZANINAIAPEIVBITZVDIIVTINNHY 51@?31]12]14111!!‘41143!11&1“1’11&7\51]“1(gﬂm'ﬂi\ﬂu)
I X Ay =
ﬁ’jﬂy'ﬂﬂﬂﬂl!ﬂ'ﬂ i13§:ﬂ1€lu1ﬂﬁﬂ01ﬂ1uwuﬂﬁﬂ aiviagn)
Area C 1 Q Qiotar Q2. * b y A R S Qcal. Check
Line Drainage
mz ) mm./hr mllsec mllsec mslsec m. m. m2 m. ) ms/sec SF.>1.3
A0 18,207.00 0.70 116.80 0.41 0.41 0.54 0.40 0.90 1.98 0.164 1/750 1.44 Yes
Al 8,149.00 0.70 116.80 0.19 0.60 0.78 0.40 0.90 1.98 0.164 1/750 1.44 Yes
A2 13,191.00 0.70 116.80 0.30 0.90 1.17 0.40 0.90 1.98 0.164 1/750 1.44 Yes
—
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Aw A daa ~ ) Y § & ° 2o A U v aa
VIYN ‘nwamm"lammauma?} 1NN ﬁiﬂ‘Hﬁﬂ\‘liﬂiﬂﬂ1ﬁﬁ€nuﬁﬂﬂiﬁﬂu ﬂTlJﬁ‘VjQI‘Wﬁ DUNVATNIHHH HIANINT
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M31ai 5 mammanSnanheulvauesasvensiaariely

4

dFuilszanEmslvaues MANMUINYUAY unmsliss e HBnanhduazay
Tgazdun L. Y. fouiarn naaaN d@Iue
NOUNMUUN HAINAHU UN/YN. 9.4, =
av.N.IAMN

1 |usfeleth 0.30 0.70 116.80 1,654.00 0.0161 0.0376 0.0215
2 |Woaluh ESP (ESP Room) 0.30 0.70 116.80 31.00 0.0003 0.0007 0.0004
3 |ee'lWih CEMs (CEMs Room) 0.30 0.70 116.80 13.60 0.0001 0.0003 0.0002
4 |ewmmmsesruiialviih 0.30 0.70 116.80 1,303.00 0.0127 0.0296 0.0169
5 |vewaniu 0.30 0.70 116.80 1,140.00 0.0111 0.0259 0.0148
6 |ersdninau/ Wag 0.30 0.70 116.80 293.00 0.0029 0.0067 0.0038
7 |ownswaath 0.30 0.70 116.80 400.00 0.0039 0.0091 0.0052
8  |Sludge Pond 0.30 0.70 116.80 140.00 0.0014 0.0032 0.0018
9 |eneumtafimhaunazinlszih 0.30 0.70 116.80 672.00 0.0065 0.0153 0.0087
10 |owmsduasadl (n3a) 0.30 0.70 116.80 80.00 0.0008 0.0018 0.0010
11 21mIuaadl (tuer) 0.30 0.70 116.80 80.00 0.0008 0.0018 0.0010
12 |ownsfuniuiustewazast 0.30 0.70 116.80 80.00 0.0008 0.0018 0.0010
13 |esifuueade 0.30 0.70 116.80 144.00 0.0014 0.0033 0.0019
14 |01m15 Control 115 kV 0.30 0.70 116.80 79.00 0.0008 0.0018 0.0010
15 [aondilaldh (115 kv Substation) 0.30 0.70 116.80 1,521.00 0.0148 0.0346 0.0198
16 mmm‘%’aﬁqﬁmﬁﬂmmmn 1 0.30 0.70 116.80 102.70 0.0010 0.0023 0.0013
17 [omslousoma 0.30 0.70 116.80 4,800.00 0.0468 0.1091 0.0623
18 [owmnsresiudlszmuenis 0.30 0.70 116.80 152.00 0.0015 0.0035 0.0020
19 |omsademhyanuoudnin 0.30 0.70 116.80 192.00 0.0019 0.0044 0.0025
20 [@1meBATOUITINN 0.30 0.70 116.80 10,992.25 0.1071 0.2498 0.1428
21 [isonazdidiseniiuda 0.30 0.70 116.80 37.72 0.0004 0.0009 0.0005
22 ﬁaqﬁwﬁ’dmawﬁamaa 0.30 0.70 116.80 15.75 0.0002 0.0004 0.0002
23 |iufaunesdomaanianua 0.30 0.70 116.80 39,306.00 0.3829 0.8934 0.5105
24 |awneudh 0.30 0.70 116.80 8,000.00 0.0779 0.1818 0.1039
25 [eutihaiey 1.00 0.70 116.80 10,400.00 0.3377 0.2364 -0.1013
26 |szmnhifminde f 1.00 0.70 116.80 22,400.00 0.7273 0.5091 -0.2182
27 Mo (souTn3IM3) . \l 0.30 0.70 116.80 12,000.00 0.1169 0.2728 0.1559
28 ﬁuﬁ?ﬁuq TuTasams "\-ﬁ 0.30 0.70 116.80 50,866.42 0.4955 1.1562 0.6607
29 |Intake Pond —n1 0.30 0.70 116.80 6,400.00 0.0623 0.1455 0.0831
30 [eiiuihay (Raw Water Pond) mummg R 1.00 0.70 116.80 139,200.00 4.5199 3.1639 -1.3560
3 [ etletha) #8473 0.30 0.70 116.80 13,275.00 0.1293 0.3017 0.1724




3191 5 MmamafSnanihdulvavesasveniviauigly (de)
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Teazoun L o founinnn AW LRI N
AOUIAN AWM IL/TY. A3 —
v i
7 4
32 UUINOUIAY uumum{fﬂmqmﬁ 0.30 0.70 116.80 23,127.00 0.2253 0.5257 0.3004
TN s 364,154.3 7.2920 7.8926 0.6006
slsmnanhduazay = 0.6006 AnUASIAT/ AT
H = o <
swdsahduasauniler lus = 2,162.22 QnUNANIAS /5 Tug
Muualirianainsanveary (Duration) = 3.00 SRR
Fnesteniininunndeans = 6,486.67 anNARIAS
A ' H = ~ <
Taglssnuiieonvraidui 1 uag 2 1f5a3590 = 31,518.00 QNINANLAS ...0.K.
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4. smsmuumsUSinasteriani 1 uag 2

4.1 snafSnasterivinin 1
oA < v ¥
Pinastenl4nunnii (Volume, V) = (d/6) x (A +4A,+A,)
4 4 w2 4 o a2 2
10 : A= ANNENNIZAVANN x AT 1eRTEaUANN, m
= = 3 '
A, = anvenInalauaniiluye

v

x ANUAENIEAURnaauamih lule, m2
A o Y Y A o Y 2
A, =anuemnszauiule x AnuneiszauiuLe, m

= ¥ '
d = ﬂﬂ11]ﬁﬂ°l]@\iu1cluﬂ'€), m

AUANUDIUD (Depth) = 6.00 m.
9 ¥

52YWUU (Free board) = 1.00 m.

b 1]
anvanveuiluio (Water Depth, d) = 5.00 m.
v

ANNAATUIILD [U1IUDY : 1UIA] (Slope) = 2.00 m./m.

anvennszavlne = 86.00 m.

anunanszauhnie = 51.00 m.

ANVENINTLAVAIN = 82.00 m.
Y A v a 2

ANYNININTZAVAIN = 47.00 m.

A o Yo

ANVENINTTAUA LD = 62.00 m.
Y A o Y

ANYNININIZAUANLD = 27.00 m.

A o & = ¥ '

anuenNszAaunInaauaniluye = 72.00 m.
v 4 o & o Za .

ANuNNensEavnnaaNuani lule = 37.00 m.

VoA o ¥
PuastenlHAusmi (Volume, V1) 15,759.00 m

4.2 smnanfSinastenvigih 2

P dqyd o ¥
Pinastenl4inunni (Volume, V) (d/6) x (A, +4A,+A,)
4 4 oo~ ¥ Y 4 o ¥ 2
Wo: A, = ANNENNITAVAIN x ANUNINNTEAVAI, m
& = 2 '
A, = anuenninananuaniiluie

Y A o & = 3 !
X ﬂ'ﬂllﬂ’JNﬂi%ﬂﬂﬂﬂﬂaNﬂ?Wﬂﬁﬂuﬂu’U@, m2

v Y

=t 4 o ' 2
Ay = ANVYNINTEAUNUUD x ﬂ?'liJﬂ’?NVlingfB{UH’ﬂ, m

= ¥ '
d = mmanmmuﬂu‘ua, m

AWANUDIUD (Depth) = 6.00 m.
FEgERUIN (Free board) = 1.00 m.
Anvanvei lulie (Water Depth, d) = 5.00 m.

wegmed fum
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v g 2
ANUAAFUNINUD [LUIUDU : 1UIAY] (Slope)

4 e .
anvennszaulnie

Y A 9 '
anunenszavihnie

; o 2
ANMVENINTLAVAIN

Y A v a 3
ANUNININTEAVHIN

A o Y
ANVENINTTAUAULD

Y A o Y
ANUNINNTTAVAULD

~ v R = 3 '
ANveNINTTAURINaaNuaniilule

v A o & o Za
aANyNIenszavnenaanuanti lule

1 dqyd o ¥
3asuenlHnunniin (Volume, V2)

' ' 3
1511035 WU09U0 1 U (V1+V2)

2.00
86.00
51.00
82.00
47.00
62.00
27.00
72.00
37.00

15,759.00
15,759 + 15,759.00

31,518.00

m./m.

m.

3
m

3
m

4 ES] § a 2 [ S a 4 ' H ' a v Ao
Tasamavz Idinsesguinneluiszuunaaiih 1§ lasams vazszuuneniehaumas ivenwseaui 3 lildinuszauidmua

A Y A 2
Laflﬂﬁlﬂﬁﬂiﬂ\‘lq‘UHW

s
993 IMIGUIN

240.00

90.00

3
m /hr

m.
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