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Proximate Analysis **©
Moisture (as received basis) 19.94 %wt ) ASTM E 871-82 (R13)
Moisture (as determined basis) T % wt ) ASTM E 871-62 (R13)
Moisture (as dry basis) 000 % wt - ASTM E 871-82 (R13)
Ash (as received basis) 1503 % wt - | ASTM E 1755-01 (R15)
Ash (as determined basis) 16,68 % wt - | ASTME 1755-01 (R15)
Adhiaedry/Ea8R) 1877 % wt - | ASTME 1755-01 (R15)
Volatile Matter (as received basis) 5124 % wt B ASTM E 872-82 (R13)
Volatile Matter 56.87 % wt - ASTM E 872-82 (R13)
(as determined basis)
Volatile Matter (as dry basis) S0 % wt B ASTM E 872-82 (R13)
Fixed Carbon (as received basis) 1379 % wt ) By Calculation
Fixed Carbon 15.31 % wt - By Calculation
(as determined basis)
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Fixed Carbon (as dry basis) 1723 % wt 3 By Calculation
Ultimate Analysis **©
Carbon (as received basis) 322 % wt s EN 15104-2011
Carbon (as determined basis) H9ia % wt - | BN 15104-2011
Carbon (dry basis) 40.23 % wt - | EN 15104-201
Hydrogen (as received basis) 5.94 % wt = EN 15104-2011
Hydrogen (as determined basis) b % wt - EN 15104-2011
Hydrogen (dry basis) 463 % wt # EN 15104-2011
Nirogen (as received basis) 062 %o wt - EN 15104-2011
Nirogen (as determined basis) 0.69 %o wt - EN 15104-2011
Nirogen (dry basis) 0.78 % wt = EN 15104-2011
Oxygen {as received basis) 46.07 % wt - By Calculation
Oxygen (as determined basis) 4137 % wt T By Calculation
Oxygen (dry basis) 3542 % wt = By Caleulation
Sulfur (as received basis) 0.14 % wt - ASTM E 775-87 (R08)e1, B-ICP
Sulfur (as determined basis) 0.15 % wt " ASTM E 775-87 (R08)€1, B-ICP
Sulfur (dry basis) 0.17 % wt - | ASTM E775-87 (R08)e1, B-ICP
Chlorine (as received basis) **© ok % wit ) ASTM Er76-18
Chlorine (as determined basis) **© 040 % wt - ASTM E776-16
Chlorine (as dry basis) **© 045 % wt - ASTM E776-16
Gross Calorific Value 12675 kd/kg - ASTM E711-87 (R04)
(as received basis) **©
Gross Calorific Value 14068 kd/kg - ASTM E 711-87 (R04)
(as determined basis) **©
Gross Calorific Value 15831 kJ/kg - ASTM E 711-87 (R04)
(as dry basis) **©
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Net Calorific Value 11634 kJ/kg - |ASTM E711-87 (R04)
(as received basis) **©
Net Calorific Value 12912 kJ/kg - |ASTME711-87 (R04)
(as determined basis) **©
Net Calorific Value 14531 kl/kg - |ASTM E711-87 (R04)
{as dry basis) **©
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Proximate Analysis **©
Moisture (as received basis) 4028 % wt ) ASTM E 871-82 (R13)
Moisture (as determined basis) 99 Howt ) ASTM E 871-82 (R13)
Moisture (as dry basis) 0.00 % wt = ASTM E 871-82 (R13)
Ash (as received basis) 363 % wt # ASTM E 1755-01 (R15)
Ash (as determined basis) AL ot ) ASTM E 1755-01 (R15)
Ash (as dry basis) 6.08 % wt = ASTM E 1755-01 (R15)
Volatile Matter (as received basis) 44.03 % wt ) ASTM E 872-82 (R13)
Volatile Matter 62.72 % wt - ASTM E 872-82 (R13)
(as determined basis)
Volatile Matter (as dry basis) 73.73 %wt ) ASTM E 872-82 (R13)
Fixed Carbon (as received basis) 1229 ot ) By Calcutation
Fixed Carbon 17.18 % wt = By Calculation
(as determined basis)
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Fixed Carbon (as dry basis) 2020 % wt - | By Calculation
Ultimate Analysis **©
Carbon (as received basis) 29.08 % wt - EN 15104-2011
Carbon (as determined basis) 4142 % wt - EN 15104-2011
Carbon (dry basis) 48.69 % wt = EN 15104-2011
Hydrogen (as received basis) 781 % wt - EN 15104-2011
Hydrogen (as determined basis) 6.38 % wi - EN 15104-2011
Hydrogen (dry basis) 5.54 % wt T EN 15104-20M1
Nirogen (as received basis) 039 % wt - EN 15104-2011
Nirogen (as determined basis) 0.56 % wt = EN 15104-2011
Nirogen (dry basis) 066 % wt - | EN15104-2011
Oxygen (as received basis) 59.04 % wt > By Calculation
Oxygen (as determined basis) 4640 % wt - By Calculation
Oxygen (dry basis) 38.96 % wi - By Calculation
Sulfur {as received basis) 005 % wt : ASTM E 775-87 (R08)e1, B-ICP
Sulfur (as determined basis) 0.07 % wt - ASTM E 775-87 (R08)e1, B-ICP
Sulfur (dry basis) 0.08 % wt - ASTM E 775-87 (R08)e1, B-ICP
Chlorine (as received basis) **© 0.08 % wt B ASTM E776-16
Chlorine (as determined basis) **© 0.12 % wt = ASTM E776-16
Chlorine (as dry basis) **© 0.14 % wt - ASTM E776-16
Gross Calorific Value 11051 kJikg - |ASTM E711-87 (R04)
(as received basis) **© -
Grass Calorific Value 15742 kJ/kg - ASTM E 711-87 (R04)
(as determined basis) **©
Gross Calorific Value 18505 kJ/kg = ASTM E 711-87 (R04)
(as dry basis) **©
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Net Calorific Value -

(as received basis) **©
Net Calorific Value

(as determined basis) **©
Net Calorific Value

(as dry basis) **©

10085

14367

16888

kJ/kg

 kikg

kd/kg

ASTM E 711-87 (R04)

ASTM E 711-87 (R04)

ASTM E 711-87 (R04)
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Proximate Analysis **©

Moisture (as received basis) 6.1 % wt B ASTM E 871-82 (R13)
Moisture {as determined basis) 13.32 % wt N ASTM E 871-82 (R13)
Moisture (as dry basis) 000 % wt - | ASTME871-82 (R13)
Ash (as received basis) 6.03 % wt = ASTM E 1755-01(R15)
Ash (as determined basis) 707 % wt - | ASTM E 1755-01(R15)
Ash (as dry basis) 8.16 % wt - ASTM E 1755-01 (R15)
Volatile Matter (as received basis) 5247 % wt ) ASTM E 872-82 (R13)
Volatile Matter 61.56 % wt E ASTM E 872-82 (R13)
(as determined basis)
Volatile Matter (as dry basis) 7102 % wt ) ASTM E 872-82 (R13)
Fixed Carbon (as received basis) 15.39 % wt ) By Calculation
Fixed Carbon 18.05 % wt - By Calculation
(as determined basis)
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Abstract — Energy is a social and economic necessity of any
country. These energy services are essential for ecomomic
growth and improved living standards for the increasing
population. Nigeria generates a lot of residues from the oil
palm industries and these residues cam be used as an
alternative energy source. This paper presents a laboratory
analyses carried out on oil palm fruit residues, particularly
Empty fruit bunch EFB, Palm kernel shell PKS, and Palm
kernel fibre PK. Moisture content and Calorific value of the
residues were determined for energy utilisation. The
moisture content for the palm Kernel shell is 6%, fibre is

" 14% and empty fruit bunch is 29%. The calorific value of the
palm kernel shell is 23,604.71kJ/kg; fibre is 14,511.96kJ/kg
and empty fruit bunch is 17,854.807kJ/kg. From the result,
oil palm residues could serve as an alternative energy source
that could significantly and sustainably contribute to the
Nigeria energy mix.

Keywords — Biomass, Oil Palm Residues, Moisture content,
Calorific Value, Energy.

1. INTRODUCTION

Energy is a social and economic necessity of any
country. The energy use in any country is expected to
continue to increase as its population increases. The
increase in population brings about an increase in the
demand of electricity for homes and industries. These
energy services are essential for economic growth and
improved living standards for the increasing population
[1].

Thus, without adequate basic energy supply, people
cannot cook their food, light their homes, or keep essential
medication chilled. Alongside the introduction of efficient
and clean thermal use of traditional biomass for cooking,
the provision of electricity from renewable waste
resources can provide basic energy services for lighting,
communication and promote local economic growth [2].

In [3], the 85% of the world’s energy demand is met by
combustion of fossil fuels which are depletable. The
global energy demand is expected to grow by about 50%
by 2025, the major part of this increase coming from
rapidly emerging countries. Nigeria generates a lot of
waste from biomass, a renewable energy resource, an
alternative source to the combustible fossil fuel which
causes global warming, but unfortunately, has not been

Akhator Peter
Department of Mechanical
Engineering, University of Benin,
Benin City, Nigeria

Itoje Harrison John
Department of Mechanical Engineering,
University of Benin, Benin City, Nigeria

Email: donitoje@gmail.com

Ojariafe Godspower
Department of Mechanical Engineering,
University of Benin, Benin City, Nigeria

able to fully exploit this source of energy. Thus, given the
growing world population, increasing energy demand per
capita and global warming, the need for a long term
alternative energy supply is clear.

I1. POTENTIAL BIOMASS RESOURCE IN NIGERIA

The total biomass potential in Nigeria, consisting of
animal, agricultural and wood residues, was estimated to
be 1.2 PJ in 1990 [4]. In 2005, research revealed that bio-
energy reserves/potential of Nigeria stood at: Fuel wood
13071,464 hectares, animal waste, 61 million tonnes per
year, crop residues, and 83 million tonnes [5].

According to [6], Nigeria has a total of 1,160 constituted
forest reserves, covering a total area of 10,752,702
hectares, representing about 10 % of the total land area.
Most of the forests in Nigeria are man-made for the
purpose of timber exploitation, and in some cases for fuel
wood and furniture making industries. Fuel wood is the
most widely used domestic renewable energy resource in
rural Nigeria and especially by low income groups in the
urban areas.

Table 1 gives year 2004 estimate of fuel wood and some
other waste resources in the country. Fuel wood forms the
largest percentage of the non-commercial energy (about
37.4 % of the total energy demand) and will continue to
dominate the non-electricity energy needs for the majority
of people in the country.

Table 1: Biomass resources and estimated quantities in

Nigeria (2004)

Resource Quantity Energy value
(million tonnes) MJ)

Fuel wood 39.1000 531.0000
Agro-waste 11.2444 147.7000
Saw dust 1.8000 31.4333
Municipal 4.0750
solid waste

Source: [7]

Presently, about 80 million cubic metres, equivalent to
43.4 x 109 kg (or 43.4 million tonnes) of fuel wood with
an average daily consumption ranging from 0.5- 1.0 kg of
dry fuel wood per person is being consumed in the country

Copyright © 2015 IJEIR, All right reserved
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annually for cooking and domestic purposes [8].The
energy content of the fuel wood that is being used is (6.0 x
10 9MJ) out of which only between 5-12 % is gainfully
utilized for cooking and other domestic uses [7].

III1. THE OIL PALM TREE

According to [9], the oil palm tree (Eleasisguineensis) is
native to the wetlands of West Africa. The oil was
introduced to the Americans hundreds of years ago, where
it became naturalized and associated with slave
plantations, but did not become an industry of its own until
the1960s.The first plantations were established in Sumatra
in 1911, and in 1917 in Malaysia [10].

IV. O1L PALM PROCESSING

The palm tree produces palm fruits from which oil is
extracted. Qil extraction is a complex process, which is
carried out by large mills that may process up to 60 tons of
fruit per hour, or by small scale mills in rural villages that
produce only about 1ton (1000kg) of oil in an 8hr shift

[11].

Oil extraction follows the sequence:

; Bunch reception

Bunch sterilization

1. Bunch threshing: is the removal of the fruit from
bunches;

2. Fruit digestion: is the process of releasing the palm oil
in the fruit through the rupture or breaking down of the
oil — bearing cells;

3. Pulp pressing: is the extraction of oil from the digested
palm fruit;

4. 01l clarification: is the separation of the oil from its
entrained impurities;

5. Oil drying and packaging: are referred to as oil storage
processes and are done to prevent solidification and
fraction.

The residue from the press consists of a mixture of fibre
and palm nuts. Kernel recovery is the separation of the
palm kernel nuts from the fibre by hand in the small scale
operations. The sorted fibre is covered and allowed to
heat, using its own internal exothermic reactions, for about
two or three days. The fibre is then pressed in spindle
press to recover second grade (technical) oil that is used
normally in soap making [11]. Nut drying is the removal
of moisture from the kernel nuts, palm kernel nut cracking
is the breaking of the palm kemel nuts to release the
kernels through which the shell is gotten.

The sequence of extraction is shown in Fig. 1, adapted
by Food and Agricultural Organization, FAO.

""""""" 1 -

5! Empty Fruit Bunches i

Pulp pressing ! Nut recovery |
= e ' Nut drying

i 0Oil clarification i

Oil drying

Oil packaging

Nut cracking —_—

Kernel storage

' Shell & Fibre

T

N

Kernel preparation

Fig.1. Flow dlagrz;.m_forpalmo11p_r(_)ce§mg Source:[11]

V. MATERIALS & METHOD

Sample collection
The oil palm residues were collected from Nigeria
Institute for Oil Palm Research, NIFOR.

1. Empty Fruit Bunch, EFB

2. Palm Fibre and

3. Palm Kernel Shell

These residues are shown in Fig. 2

Copyright © 2015 IJEIR, All right reserved
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Determination of moisture content

Each sample of mass 10g were measured and placed in
the porcelain separately. The porcelain and its content
were then oven dried at 110°C to a constant weight for 3
hours. The percentage wet and dry basis moisture content
was analysed in the laboratory and calculated using the
equation (1) and (2):
For wet basis:
X ow J%X 100 M
Where: X,,, = Moisture content on wet basis
W, = Initial mass of sample
W, = Final mass of sample after drying

For dry basis:
X g _W1-W3 X 100 )
w3

Where: X,; = Moisture content on dry basis
W, = Initial mass of sample
W, = Final mass of sample after drying
Determination of calorific value

After the evaluation of the moisture content, about 1g
mass of each fuel sample was accurately weighed into the
crucible and a fuse wire (Nickel, whose weight is known)
was stretched between the electrodes. It was ensured that
the wire was in close contact with the fuel. To absorb the
combustion products of sulphur and nitrogen, 2 ml of
water was poured in the bomb. Bomb was then supplied
with pure oxygen through the valve to an amount of
25atm. The bomb was then placed in the weighed quantity
of water, in the calorimeter. The stirring was started after
making necessary electrical connections, and when the
thermometer indicates a steady temperature, the fuel was
fired and temperature readings are recorded after 1/2
minute intervals until maximum temperature was attained.
The bomb was then removed; the pressure slowly released
through the exhaust valve and the contents of the bomb
were carefully weighed for further analysis. The heat
released by the fuel on combustion was absorbed by the

Fig.2. Oil Palm Residues

surrounding water and the calorimeter. The gross heat of
combustion of each residue was analysed in the laboratory
with the bomb calorimeter and calculated using equation
(3) (www.parrinst.com).

v CAT-(e; + e, + e3)

m

3

Where,
C = heat capacity of the bomb calorimeter = 15kJ/°C
AT = change in temperature variation

m = mass of sample (g)

e, = Correction of heat of formation of nitric acid
[however, flushing the bomb with oxygen prior to firing,
displaces all nitrogen, thereby eliminates nitric acid
formation, hence, €; = 0]

¢, = Correction of heat of formation of sulphuric acid
[% of sulphur in sample x 57.54(J/g) x mass of sample (g)]

€3 = Correction of heat of formation of fuse wire [length
of fuse wire consumed in (cm) x 9.66(J/cm)]

VI. RESULTS & DISCUSSION

Experimental result of moisture content of each
residue

Equations (1& 2) were used to calculate the percentage
wet and dry basis moisture content. From the processed
data result, it shows that palm kernel shell has a much
lesser moisture content than fibre and empty fruit bunch.
This indicates that it would combust more effectively and
sustainably than others. The result is shown in Fig. 3.
Experimental result of calorific value of each residue

The gross heat of combustion of residues was calculated
from the experiment carried out with the bomb calorimeter
using Equation (3). The Palm kernel shell has a calerific
value of 23,604.71kJ/kg; the Palm fibre has 14,
511.961kJ/kg, while the Empty fruit bunch has
17,854.807kJ/kg. This result is shown in Fig.4. From the
analysis, it shows that the calorific value of the palm
kernel shell will combust more effectively and sustainable.

Copyright © 2015 LJEIR, All right reserved
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MOISTURE CONTENT
40%
E% 30%
< 20%
% 10%
O ox | NN
PALM KERNEL SHELL PALM FIBRE EMPTY FRUIT BUNCH
é M Panl 6% 14% 29%
Fig.3. Moisture content of each residue
CALORIFIC VALUE OF RESIDUES (kJ/kg)
25,000.00
20,000.00
15,000.00
10,000.00
5,000.00
0.00
PALM KERNEL SHELL PALM FIBRE EMPTY FRUIT BUNCH
E Panl

Fig.4. Calorific value of residues

VII. CONCLUSION

The combination of increasing energy prices, irregular
electricity supply for a population of about 180 million
Nigerians from the national grid, and concern over the
impacts of carbon emissions associated with the
combustion of fossil fuels energy have increased pressure
to utilise renewable energy resources. Base on the results
from the experiment, it means that there is a lot of
potential heat energy from the palm oil residues that can
be utilise as an alternative to the fossil fuel energy for the
purpose of combustion. Finally, oil palm residues could
serve as an alternative ecnergy source that could
significantly and sustainably contribute to the Nigeria
energy mix.
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General
This boiler is a bagasse firing water tube boiler model 200/4.5-360 Bagasse which been designed by

Thai Turbo-Generator Co., Ltd. and Sichuan CRUN Power Equipment Co., LTD. It is suitable to burn
bagasse to generate 200 T/hr {MCR) Superheated steam supply to Sugar Mill factory.

Standard Code
Standard code to use in design and manufacture the boiler accordance with Chinese Standard (GB)

Design Parameters
Parameter and condition to design this boiler as follow:

e Steam evaporation rate (MCR) 200 T/hr.

e Design Pressure 50 kg/cm? G
e Hydrostatic Testing Pressure 75 kg/cm® G
e Steam working pressure (Max) 45 kg/cm2 G
e Maximum Working Temperature 360% °C

e Guaranty Load (run 50% with saving energy) 100 % MCR.

e Boiler Efficiency 89 % at MCR.

(Refer to Heat Loss Method based on JIS B 8222 Std.
And Efficiency based on Heat Input—Output Method)

Boiler Efficiency = Boiler Outlet Steam Quantity x (Enthalpy of Steam - Enthalpy of Feed water)

Heating Value of Fuel x Fuel Consumption

¢ Boiler Type Outdoor({with Roof)
o Exhaust Gas Temperature 140 °c
e Fuel ' '
a. Type Bagasse
b. Low Calorific Value (LCV) 1,750 kcal/kg
¢. Total Moisture(as normal Condition) 49.41 %
d. Total Moisture (as Max.Condition) 55 %
e. Fuel Consumption at MCR. (26 barg 360 C) 83,017 kg/hr

(At LCV 1,750 kcal/kg bagasse)
Fuel Composition (As Received Basis)
Proximate analysis

sl

- Moisture 4941 %
- Volatile Matter 44.89 %
- Fix Carbon 5.7 %
- Ash 4.0 %
Ultimate analysis

- Carbon 20.77 %
- Hydrogen 289 %
- Oxygen 2268 %
- Sulphur 003 %
- Nitrogen 012 %
- Ash 4.0 %
- Moisture 4941 %
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impurities content 10.0 % (Sand)

g. Steam Working Pressure 45 kg/cm’G
h. Steam Working Temp., 360 °C
i. Steam Evaporation Rate 200 t/h (MCR)
j- Boiler Efficiency 89 % (At MCR)
e Feed Water Value
a. Feed Water Temperature 105 °C (From De-aerator)
b. pH value (at 25 °C) 8-9.5
c. Hardness {CaCOs) 0 mg CaCOs/l
d. Iron (Fe) <01 mg Fe/l
e. Copper (Cu) <0.05 mg Fe/l
f. Dissolved Oxygen (O,) <0.03 mg O/
g. Hydrazine (N;Hy) 0.06 min. mg Fe/l
h. Conductivity 50 ps/cm
e Boiler Water Value
a. pH value (at 25 °C) 9.-10.5
b. Conductivity <600 ps/em
c. Chlorine ion (as Cl) <80 mS/|
d. Phosphate ion 5-15 mg/|
e. Sulphite ion 5-10 mg/|
f. Silica (S5i0,) <20 mg/|
e Combustion System
a. Type of grate Traveling Grate
b. Bagasse feeder type Bagasse Chain Feeder
c. Spreader Pneumatic Spreader
e Elevation (Above sea level) 150 m.
e Ambient Temperature +15to+40 . °C
s Ambient Air Humidity 60 to 90 % relative
e Earthquake Factor (Relative) Zone Il
* Non Hazardous Zone Non
e Static Wind Speed 40 m/s

Testing and Inspection

Test and inspection shall be done at factory and field site according to international standard and
local regulations. Report of inspection and test of main pressure parts shall be submitted to
customer, material shall be supply with mill certificate. Testing to be done by the customer

representator.

Warranty

All equipments and components shall be guaranteed for two seasons crushing of cane from the date
of hand over to client. It shall be cover in any defect cause by design, material and workmanship

under the normal and proper use.

Client shall inform to the vender in case of any defects have been
mentioned warranty period with sufficient evidence to prove the




Vender shall not be held responsible for any malfunction, which may occur as a result of poor
operation and/or maintenance of the equipment, unskilled handling, or unauthorized charge on the

equipment, by the client

Boiler Registration and Inspection
Following the authorized party which represent to the owner

Performance Guarantee

Boiler Performance

- Steam Evaporation Rate at MCR 200 T/hr
- Steam Working Pressure 45 kg/cm’G
- Steam Working Temp 3605/ °C
- Boiler Efficiency 89 % (MCR)
(Refer to Heat Loss Method based on JIS B 8222 Std.)
- Impurities content 10 % (Sand)
Emission
- TSP (Client Scope)
No soot blower operation <80 mg/Nm3
Soot blower operation <100 mg/Nm>
- SOx <60 ppm
- NOx <140 ppm

Technical Specification
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All the values given in this technical specification are preliminary, subject to possible changes in the
detailed design phase and applicable for one (1) boiler.

1. Boiler Type

Natural Circulation Single Pass Bagasse Firing Water Tube Boiler/ Outdoor type

2. Boiler Model
Model : 200/4.5/360 Bagasse
Specification : Steam Working Pressure 45 kg/cm’ G
Actual Steam Evaporation 200 T/hr. (MCR)
Operating Temperature 360" °c

3. Heating Surface
Combustion Chamber
Screen Tube
Boiler Proper {Main bank)
Upper Economizer
Lower Economizer
Total Heating Surface

4. Evaporation Equipment
Upper Drum
Outside Diameter
Shell Thickness
Operating Pressure
Material

Lower Drum
Outside Diameter
Shell Thickness
Operating Pressure
Material

Water Tubes {(Main Bank)
Heating surface area
Flue Gas Velocity
Tube Size
Thickness
Type
Material

Header
Diameter
Thickness
Material

Type

CiT G 0062 .

6,016.6/8,452 m

1,218 /3,654 m’  (as Radiation/as Total HS.)
176.6 m?
2,458 m’
1,298 m?
866 m?
2

(as Radiation/as Total HS.)
Upper [pi 2.

lb 6&C ‘L.cwe .
2000 mm. ;.r '
56 Lo mm. Q)
48 kg/cm’G b I;O'L-“?yﬁ - 25 ¥,

Q245R GB713-2008

- B [qee e f2ep/P.

I -,

3,600, mm. Bpiote. (1SAwW-
50/ mm. -2 o ;A_@

48 kg/cm’G S :

Q245R GB713-2008

2,983 m

6.3 m/s

51 mm.

4.0 mm. _ . ,
Seamless 6 0 { S D L)_L_L}@

#20

325 mm
25

Q245R GB713-
Seamless




Supply item
Upper Drum with necessary nozzle and Man Hole

Steam separator and anti priming equipment in upper drum
Level gauge with accessories, valves and fitting
Lower Drum with necessary nozzle and support
Water Tube with fittings
Bare Tubes
Attached Valves, Main Steam Valve, Main Steam Check Valve
Safety Valve 2 sets
Pressure gauge with fittings
+  Exhaust pipe for safety valve with silencer
Glass Level Gauge with isolate and drain valve

5. Combustion Chamber

Type of combustion chamber Membrane water wall tube
Chamber Volume 1,600 m’
Chamber Heat Release at M.C.R. 90,800 kcal/m®. hr (MCR)
Fuel Feeder

Type Bagasse Chain Feeder with VFD

Quantity 8 Sets

Capacity 12.7 T/hr/set

Power 3.7 kW/set
Grate

Type Traveling Grate

Grate Area 82.5 m?

Driving Unit for Stoker 9.5 kw

Grate Heat Release @ M.C.R. 1,760,970 kcal/mz.hr

Supply item

Headers with necessary nozzles and support

Water Membrane Tube and down comer tube with necessary fitting

Embedded foundation bolts and foundation fittings

Bagasse Feeder

Drive unit for Bagasse feeder with motor (VFD Control)

Bagasse feeder support

Bagasse chute between Bagasse conveyor and Bagasse feeder

Bagasse chute between Bagasse feeder and spreader

Spreader

Grate equipment

Frame and necessary support for grate equipment

Necessary manhole and ash door

Ash discharging system

Sealing device

Attached valve

Brick support

Explosion Door

Fuel Convey Duct (Stainless Steel)

With Necessaries equipment from Under Bagasse Bridge
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6. Screen Tube

Area 176.6 m
Flue Gas Velocity 6.3 m/s
Tube Size 51 mm.
Thickness 4.0 mm.
Type Seamless
Material #20
Supply item

Necessary Headers
Né&cessary nozzle and header support

7. Wall Tube (Membrane)

Area 1218.6 m? (as radiation)
Flue Gas Velocity 6.3 m/s
Tube 51 mm
Thickness 4.0 mm
Type Seamless
Material #20
Supply item

Necessary Headers
Necessary nozzle and header support

8. Low Temperature Super heater

Area 858 m

Super heater Tube
Diameter 42 mm.
Thickness 4 mm.
Flue Gas Velocity 6.3 m/s
Type Seamless
Material #20

Supply item

Super heater tube with tube support
Header with necessary nozzle and header support
Attached valve

9. High Temperature Super heater

Area 339 m
Super heater Tube
Diameter 42 mm.
Thickness 4 mm.
Flue Gas Velocity 6.3 m/s
Type Seamless
Material 15CrMo
Supply item

Super heater tube with tube support
Header with necessary nozzle and header support
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Safety valve with silencer

Attached valve

Exhaust pipe for safety with silencer

10. De-super heater
Type

Average Difference Temperature

Water Temperature inlet
Water Temperature outlet

De-superheat water average Flow

Inlet Steam Temperature

Outlet Steam Temperature
Supply item

Temperature control system

De-super heater equipment

Attached valve

Necessary piping

11. Upper Economizer

Area

Type

Flue Gas Velocity

Temp. Water Inlet

Temp. Water Outlet

Flue Gas Temp. Inlet

Flue Gas Temp. Outlet

Economizer Tube
Diameter
Thickness
Type
Material

Supply item

Heat exchanger

15 °C

105 °C
153 °C
40 m>/hr.
330 °C
315 °c

1,298 m?

Cross Flow

6.6 m/s

145 °C

192 °C

406 °c

333 °C

32 mm.

3.5 mm.

Seamless

#20

Economizer tube with tube support
Header with necessary nozzle and header support

Attached valve
Frame and casing

Temperature Gauge with necessary fitting
Feed Water Pipe from Economizer Outlet to Upper Drum

12. Lower Economizer
Area
Type
Flue Gas Velocity
Temperature Water Inlet
Temperature Water Outlet
Flue Gas Temperature inlet
Flue Gas Temperature outlet

\

866 m?

Cross Flow
6.5 m/s

o,

119
145
333
250
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Economizer Tube

Diameter 32 mm.
Thickness 35 mm.
Type Seamless

Material #20

Supply item
Economizer tube with tube support

Header with necessary nozzle and header support
Attached valve

Frame and casing

Temperature Gauge with necessary fitting

Feed Water Pipe from Lower Economizer Outlet to Upper Economizer

13. High Temperature Air Pre-heater

2

Area 4,550 m
Type Tubular Flue Gas
Flue Gas Velocity 6.6 m/s
Air Temperature
Inlet Temperature 80 °C
Outlet Temperature 185 °c
Flue Gas Temperature
Inlet Temperature 290 °C
Outlet Temperature 191 °Cc
Air Preheater Tube
Diameter 50 mm.
Thickness 2.4 mm.
Material Q215-A
Supply item .
Air preheater tube
Tube plate and baffle plate
Casing and frame
Temperature Gauge with necessary fitting
14. Low Temperature Air Pre-heater
Area 1650 m’
Type Tubular Flue Gas
Flue Gas Velocity 9.2 m/s
Air Temperature
Inlet Temperature 30 °C
Outlet Temperature 80 °c
Flue Gas Temperature
inlet Temperature 191 °C
Outlet Temperature 140 °C
Air Preheater Tube
Diameter 60
Thickness 2.4
Material Corten Steel




Supply item
Air pre-heater tube

Tube plate and baffle plate
Casing and frame
Temperature Gauge with necessary fitting

15. Dust Collector (CUSTOMER SCOPE)

Main Dust Collector Electro Static Precipitator
Inlet Dust Concentration 2,816 mg/Nm?
Flue Gas inlet Capacity 712,000 m>/hr.
Fitie Gas Temperature 140 °C

Draft Loss (approx.) <245 Pa

16. Air and Gas Duct
Gas Duct supply list
From boiler outlet to economizer
From economizer to air Pre-heater
From air pre-heater to ESP
From ESP to induce draft fan
From induce draft fan to chimney

Air Duct supply list
From primary forced draft fan to air Preheater
From low temp air Preheater to High temp air Preheater
From air Preheater outlet to combustion chamber
Primary Air Damper (Pneumatic Cylinder Operated)
From air Preheater outlet to secondary forced draft fan and spreader fan
From secondary forced draft fan outlet to combustion chamber
From spreader fan outlet to spreader '
Necessary damper

17. Soot Blower
For Super heater

Type Retractable / Steam Operated
Retracted Distance 5.2 m.
Power consumption per set 0.75 kW
Quantity 6 Sets
For Main bank
Type Fix and Rotate / Steam Operated
Power consumption per set 0.18 kW
Quantity 4 Sets
For Economizer
Type Stationary / Stea
Quantity 4 Sets
For Air-Preheater
Type Stationary / Stea
Quantity 2 Set
Supply item

Soot blower driving head

_10_



Soot blower element tube
Steam piping and Fitting valves
Steam valves and drain valves
Pressure reducing valve

18. Boiler Induced Draft Fan (IDF)

Manufacturer See in VENDER LIST
Mode! Y4-73 No22D
Quantity 2 Units
Capacity 332,000 m*/hr/unit
Static Pressure 1,745 Pa
Gas Working Temperature 140 °c
Design Max. Working Temperature 200 °C
Speed 730 rpm (Vary speed)
Driving Unit
Drive method VFD
Motor Drive Power 280 kW / units
Voltage 6600 V (IP 55)
Frequency 50 Hz
Supply item
Fan impeller

Fan casing with damper
Electric Motor
Necessary coupling
Damper

19. Boiler Forced Draft Fan (FDF)

Manufacturer See in VENDER LIST

Model ’ G4-73-12-16D

Quantity 2 Units

Capacity 165,000 m/hr./Unit

Static Pressure 2,465 Pa

Air Working Temperature 30 °c

Design Max. Working Temperature 80 G

Speed 970 rpm (Fix speed)

Driving Unit
Drive method Soft Star with by pass DOL
Motor Drive Power 185 kW/unit
Voltage 380 V (IP 55}
Frequency 50 Hz

Supply item
Fan impeller

Fan casing with damper
Electric Motor
Necessary coupling

20. Second Forced Draft Fan (2" FDF)
Manufacturer See in VENDE
Model Y4-73-12.5D

_11_



Capacity 56,904 m>/hr.

Static Pressure 2,237 Pa

Air Working Temperature 185 °Cc

Design Max. Working Temperature 200 °c

Speed 960 rpm

Driving Unit
Drive method Soft Start with by pass DOL
Motor Drive Power 55 kW
Voitage 380 V (1P 55)
Frequency 50 Hz

Supply item

Fan impeller

Fan casing with damper

Electric Motor

Necessary coupling

21. Bagasse Spreader Fan (SF)

Manufacturer See in VENDER LIST

Mode! Y4-73-12.5D

Capacity 56,904 m>/hr.

Static Pressure 2,237 Pa

Air Working Temperature 185 °C

Design Max. Working Temperature 200 °Cc

Speed 960 rpm

Driving Unit
Drive method Soft Start with by pass DOL
Motor Drive Power 55 T kW
Voltage 380 V (IP55) '
Frequency 50 Hz

Supply item
Fan impeller

Fan casing with damper
Electric Motor
Necessary coupling

22 .Refractory Brick and Insulation Material
Bricks
Ordinary shaped fire proof bricks
Special shaped fire proof bricks
insulation bricks
Fire proof mortar
Insulation mortar
Refractory and insulation materials
Castable refractories
Mineral glass fiber insulating materials
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Rock wool insulating materials
Zincalume steel sheet with fittings
Insulation areas
Feed water pipe from pump to upper drum
Soot blower pipe
Air heater
Hot air duct
Gas duct
Continuous blow down tank
Dust collector
g All piping

23. Boiler Feed Water Pump

Manufacturer See in VENDER LIST
Type Multistage Centrifugal Pump
Quantity 3 Sets (1 for spare)
Model DG155-67x6
Capacity 155 m3/hr/set
Total Head 402 m.
Feed Water Temperature 105 °c
Driving Unit
Motor Drive Power 280 kW
Drive method Soft Start with by pass DOL
Voltage 6600 Y
Frequency 50 Hz
Speed 2900 rpm
Scope of supply

Boiler feed pump and Motor

Necessary valves, accessories and coupling

Pressure Gauge, gauge valve and accessories

Feed Water Pipe from De-aerator to Boiler Feed Pump

Feed Water Pipe from Boiler Feed Pump to Economizer inlet header

24. Chemical Feed Pump
P,04 feed pump

Capacity 10 I/hr.
Pressure 100 kg/cmz
Power 1.0 kw
Quantity 2 Sets (1 for spare)
De-oxygen feed pump
Capacity 10 I/hr.
Pressure 10 ke/cm’
Power 0.75
Quantity 2
Scope of supply
Chemical feed pump
Motor

Agitator with Motor
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PE Tank 100 liters
Necessary fitting, valve and accessories

25. Electrical panel
MCC Panel and Starter

For Boiler Induced Draft Fan 2 Set
For Boiler Forced Draft Fan 2 Set
For 2™ Forced Draft Fan 1 Set
For Spreader Fan 1 Set
For Boiler Feed Water Pump 3 Sets
For Chemical Feed Pump 4 Sets
For Soot Blower 10 Sets
For Bagasse Feeder 8 Sets

MDB Panel low Voltage 2000 KVA with Cap Bank (as single line drawing attached)
26. Instrument, Control and Panel equipment (Automatic Control System)
Type: DCS (Distributed Control System) or Scada

Quantity: for one boiler with completed instrument and monitoring graphics

Water Level control

Feed water flow transmitter 1 Set
Steam flow transmitter 1 Set
Steam Flow Orifice Plate with Orifice Flange 1 Set
Feed Water Flow Orifice Plate with Orifice Flange 1 Set
Level transmitter 1 Set
Level indicator and controller 1 Set
Counter for steam flow and feed water flow 1 Set
Feed Water Control valve ' 1 Set
Pressure control

Pressure transmitter 1 Set
Pressure indicator controller 1 Set
Air/Fuel ratio 1 Set
Variable Speed Control for fuel feeder 8 Sets
Auto/Manual for fuel feeder 8 Sets
Actuator (Air cylinder) with positioner and hand wheel 1 Set

Recorders
Steam pressure
Steam flow rate
Water level at upper drum
Feed water flow rate
Temperature Recorders
Super heater steam temperature
Feed water temperature
Gas exit temperature
Air heater outlet — Air temperature
Air heater outlet — Gas temperature
Economizer water outlet temperature
Furnace draft control

_14_
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Pressure transmitter 1 Set
Pressure indicator and programmable controller Set
Actuator (Air cylinder) with positioner and hand wheel 1 Set
Draft meter for

Air heater outlet

Under grate air

Gas exit

Furnace

Dust collector inlet

Dust collector outlet

Contiriuous blow-down equipment

Ju

Flow Limitation valve 1 Set
Sampling Cooler with attached valve 1 Set
Portable Conductivity meter 1 Set
Piping and fitting 1 lot
Blow down Tank 1 Set
Valve equipment
Continuous Blow down valve and accessories 1 lot
Manual blow down valve 1 lot
Feed water valve 1 lot
Automatic Soot blower valve 1 lot
Steam valve 1 lot
Transmitter valve and piping 1 lot

DCS Completed
- Fully integrated microprocessor based Control and data acquisition system

- Comprised of visual display workstation

- Redundant processor and redundant power supply and programmed to perform
specific dedicated task for control and data acquisition application

- HMI Screen, Keyboard and Cursor Control with Printer with hardcopy report of logs,
report, and alarm

Included

Software

- [E S7-1613/2006 1 Ea
- Powerpack S7-Redconnect/2008 1 Ea
- Simatic PCS7, Software Single station V7.1 {0S PO1000) 1 Ea
Hardware

- CP1623 Industrial Ethernet PCl Express X1 cardf 2 Ea
- Computer Engineering & Operation Station 2 Lot
- Computer Station “DELL” Precision t3500 Chasis 1 Ea

Intel® Xeon® W3503 2.40GHz/4MB L3 Cache/4.8GT/s

320GB SATA (7200RPM) Hard Disk Drive

4GB (2x2GB) DDR3 SDRAM Memory, 1333MHzECC

16X max SATA DVD+/-RW with Dual Layer Write Capabilities

256MB PCle x 16 NVIDIA NVS 295, DisplayPort, DVI Capable

LAN 10/100/1000 MBPS

Windows(R) 7 Pro and Downgrade to Window XP
- 22" Dell LCD Widescreen Monitor

Software Option

_15_
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- MS office Pro 2010 Win32 Eng DSP OEIl {No media) 2 Ea
Printer

- HP CP2025 COLOR LASER PRINTERS 1 Ea
ups

Computer 2 sets - BCN UPS 1500VA Line Interactive with stabilizer full load backup
Time 15 minutes

DCS Panel — UPS redundant type, line interactive with stabilizer full load backup
Time 15 minutes

HUB
- Desktop Switch “D-Link” 16 ports 10/100/1000Base-T 3 Ea
LAN
- ITP standard cable and fiber optical cable for DCS panei to 150 M

control room (redundant type) all communication network are Redundant type

Battery and Charge

- 2x100% DC/DC Converter and Distribution panel 246DC
- 125V batteries with associated charges for main plant

- Battery stand
- Inter cell and Inter row connector
- 125V DC Distribution, 24VDC Distribution panel

With Feedback signal for all field instrument and equipment (motor current, motor rpm,
damper level, control valve feedback etc.) and status for all equipment (digital signal -
start/stop status, open/close, FFW/STP/REW etc)

28. Boiler structure

Quantity 1 Set

Scope of supply

Boiler steel column from level 0,0
Boiler frame

Metal sheet covering

Galleries and ladders

Metal plate

29, De-aerator System

Quantity 1 Set
Type Pressurized spray
Capacity 200 m*/hr
Design Pressure 2 kg/cm? (a)
Steam Operated pressure 0.2 kg/cm? (a)
Storage tank 100 m?
Insulation and cladding
Support Structure
Platform ladder
Lift Pump
Capacity 138 m’/hr
Quantity 3 units
Head 40 m
Drive motor 55 kW
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Steam Pressure Controller with Control Valve 1 Set
Pressure Reducing Valve System 1 Set
Level Controller with Control Valve 1 Set
Level Gauge, Safety Valve, Air Vent, and etc 1 Set
Suction, Discharge Valve, Check Valve
30. CEM
- 02 content in flue gas out let to chimney 1 Set
- Particle content in flue gas. 1 Set

_17_



Supplier List

Mechanical Equipment SUPPLIERS Origin
Feed water pump SULZER, KSB, SHANGCHA PUMP CHINA
General Pump SULZER, MARUSHIMA, TORISHIMA ,KSB CHINA
General Fan PEIHAI, WUHAN CHINA
Gear Reducer HITACHI, SEW EURO, SUMITOMO, FLENDER CHINA
Safety Valve OKANO, DRESSER, HOPKINSONS, YARWAY, £, 4[5 1B
GROSBY : ’

Valves KSB, KITZ, NELES, DRESSER, SAUNDERS, ETL USA, T
HOPKINSONS, CRANE ’ :

Soot Bl

DglRiover FUKOKU KIKAI-KOGYO, OKANA, DRESSER, J—
HOPKINSONS, CLYDE, DIAMOND POWER

Electrical/Inst t
ectrical/ipstatimen SUPPLIERS Origin

Equipment

Switchgears

ABB, SIEMENS, TOSHIBA, SCHNEIDER AREVA, LS,
FUJI

EU, USA, JP, KR

LV Circuit Breakers

ABB, SIEMENS, MITSUBISHI, TOSHIBA,
SCHNEIDER, LS, FUJI

EU, USA, JP, KR

Protective Relays ABB, SIEMENS, MITSUBISHI, LS, FUJI EU, USA, JP, KR
AC Motors ABB, SIEMENS, TOSHIBA, WEG CHINA
Frequency Converters ABB,SIEMENS, TOSHIBA, FUJI, DANFOSS EU, USA, JP, KR
Controller YOGOKAWA, ABB, SIEMENS EU, USA, JP

Field Instruments

YOGOKAWA, ROSEMOUNT, YAMATAKE,
SIEMENS

EU, USA, JP, TH

Control Valves YAMATAKE, NAKAKITA, FISHER EU, USA, JP
PLC MITSUBISHI, SIEMENS, OMRON EU,USA,JP
Solenoid Valves ASCO, SMC, KONAN EU, USA
Erection Contractor GUANGXI CONSTRUCTION ENGINEERING CHINA

GROUP, CRUN
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SPARE PARTS SUPPLIED for 2 year
Quantity for 1 boiler

1. SPARE PARTS

Gauge glass and packing for drum level gauge 2 sets
Header hand hole packing 10 pcs
Drum manhole packing 2 pcs
Sight glass 1 pcs
Coupling rubber and bearing for fans 1 pcs
Packing for chemical injection pump 1 set
Packing & coupling and bearing rubber for pumps 1 set
Gland packing for valve %", 3/8”, 1/4" each 1 m
Sheet packing for flange 1 pcs
Yarn tape & rope 1 roll
Fuses for instrument panel 15 %
Thermal relays for motor panel 5 %
Lamp for instrument for panel 10 %
Fuses for motor panel 5 %
Magnetic contactors for motor panel 10 pcs
Relays for motor panel 1 pcs
Lamp for motor pane! 15 %
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Flow Diagram and Temperature of each part
Bagasse Boiler Tube 200 t/h , 360 degC, 45 kg/cm’g

a 1259°C
r Furnace (Wall Tube)
a 750°C

.

750°C
Screen Tube

720°C

’ 8

~ 720°C
e ———— é Upper Superheater

1 683°C
. 683°C B

o o tower Superheater

-~

‘ : —
= 95T 4 __105DegC
g

De-Superheater

Main Steam

15°C
A

0° 1

v

33

537°C

(=]
Upper lfreer—— = Main Bank
R Drum =
406°C

!

406°C

192°C
A

: Upper
Drum

192°c

145°C

Upper Economizer

333°C
o i I_ |
333°C GX Boiler Feed Punp

‘f' L : &

| S — o Lower Economizer o

| g 7 |4
a . 200°C £

£

_—.[ 290°C o z

J. e~ | 5 | High temp Air Preheater | p-| Combustion

w ® = System

191°C

: '

T
] o 191°C 30°C ,
s b | %5 | Low temp Air Preheater —
140°C =

Dust Collector

80"
30°c

‘I @

6-Appendix 2.1.1-BRS_Flow Diagram of Flue Gas-Feed Waler-Steam-Air. xis
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8 | s1g |daud wvitsan [Foviena  [anud 15-13-24 | 101-16-51 | 124700 | 2523-2558 | 36 144.65 126 81 1785 87.66 | 1234
9 | s17 [ wewdouy [vavdn  fiwesysod| 16-45-43 | 101-08-44 | 6700 | 2539-2552 | 8 3012 2563 4.49 8509 | 14.91
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13| s39 |wifwhdn [t [fovea [awyd 15-15-48 | 101-11-30 | 946800 | 2544-2558 | 15 430327 1,991.90 231137 4629 | 53.71
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& do ¥
WUMIUUN 7,479.582 ms.nu.
B W aneafwh - dgnunaiung sl | wdered
WA, al. [t} A fly na an ny AA e X A nH fin fuava. | aua/i
2547 2004 0.00 7.90] 293.60 9020} 441.90 44590 118 80 020 0.00 0.00 7.20 000] 1,405.70 44,57
2548 2005 0.00 0.00} 33.00; 123.90 13870 362.20| 204.90) 94.50 6.70 0.00 0.00} 0.00 963.90 30.57
2549 2006 0.00 7.00 36.60; 300.60] 259.20 805.90| 957.10 4820 4.60 0.00 0.00] 000] 241920 7671
2550 2007 0.00 86.90 24.20 1590 100.20 443.90) 848.70) 3760 4.70 0.00 0.00 000| 1562.10 49.53
2551 2008 0.00] 2800 156.10 125.20 217.10 589.00| 438.60) 284.10 850 0.00 0.00] 000] 190660 60.46
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2555 2012 1.10 0.00 24.20] 25.70 7180 329,60 63.50 9.30 200 0.10 0.00 0.00 527.30 1672
2556 2013 0.00] 0.00 0.00 4.60 106.00| 31820 393,60 16.90] 5.00 0.00 0.00 0.00} 844.30 2671
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byt 0.28 20.90 6659 104.54 22059 524.79 48598 68.51 7.69 191 415 394 151046 47.90
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3)  UYSunanivinustiaiingdasanig

USunautvinusnaiselasanis Ysediulaannaanilinuivin S.42 vesnsuvalsznnu

\esnanndiadwheglndiuaniguinvediasins Aegud 1.1.4-3
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NaNSIASIERUSIaLYIeass el & Aesantauin GuusidhUndn) Aenansly
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M15199 1.1.4-3 uagildnuaznstunysvesUSnanivi dwuanslanagui 1.1.4-4

Y

x v 1 E'4
M9efl 1.1.4-3 Yananivisiedeuuiianiasaniiguiiveslasanns
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Nuigurh 7,363.79 na.nw.
Th W Fananiwin - fugnurnricms 5709 \afnsed

e A uLy wa hit] na a.n ny A.A we 5 uA nw ia dmeun. | aua/A

2547 2004 0.00 9.57 35550 | 109.23 | 53513 | 53997 | 14386 0.24 0.00 0.00 812 0.00 1,702.26 5398
2548 2005 0.00 0.00 39,96 15008 | 16796 | 43861 | 20813 | 11444 811 0.00 0.00 0.00 1,167.25 37,01
2549 2006 0,00 8.48 44,32 36002 | 31388 | 97592 | 115902 | 5837 557 0.00 0.00 0.00 2,929.58 92,90
2550 2007 000 10523 2931 19.25 121.34 5371.55 1027.75 4553 569 0.00 0.00 0.00 1,891.66 59.98
2551 2008 0.00 3391 18903 | 15161 | 33556 | 71326 | 53113 | 344.04 10.29 0,00 0.00 0.00 2,308.84 7321
2552 2009 000 7217 41,59 7823 62.20 49262 | 838.48 8198 363 0.00 0.00 0.00 1,670.90 5298
2553 2010 000 0.0 0.00 9.69 42626 | 95642 | 859.06 | 13527 1550 170 0.00 0.00 2,403.90 76.23
2554 2011 0,00 9131 31061 | 30080 | 72307 | 1400.00 | 89672 63.09 1865 0,00 2192 14.17 3,840.35 121.78
2555 2012 133 0.00 29.31 3112 86,95 399.14 76,90 1126 242 0.12 0.00 0.00 638.50 2025
2556 2013 0.00 0.00 0.00 5.57 12836 | 38533 | 47664 2047 6.05 0.00 0.00 0,00 1,022.02 3262
2557 2014 314 830 869 95.06 28656 | 45034 | 21859 | 16116 4514 28.19 44.16 47.80 1,397.13 44.30
2558 2015 000 0.00 0.00 16.34 14667 | 14997 | 30564 1186 0.00 0.00 0.00 0.00 520,60 16.51
2559 2016 0.00 0.00 0.00 31477 | 13873 | 82244 | 86B.62 30.76 0.00 0.00 0,00 0.00 1,796.30 56.96
LY qa7| 32896| 1,00831| 164573| 347272 | 826158| 7,65053| 107845| 12107 30,01 74.80 6197 | 23,778.60 754,01
gegn 314| 10523| 35554 | 364.02| 72307| 1,40000| 1,159.02| 344.04 4514 2819 44,16 4780 | 4,619.35 146,48
e 0.00| 0.00] 0.00| 557 6220) 14997 76.90 0.24 0.00| 0.00 0.00 0.00 294,92 9.35
Lafusel 0.34 2530 8064| 12659 26713 63551| 58850 8296 931 231 515 a77| 182912 58.00
\afuazay 034 2565| 10629| 23288| 50002| 1,13552| 1,72402| 180698 | 1,81629| 1,81860| 1,82436| 1829.12| 12820.08 406.52
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nsfnmanadesslih ildlnesunudeyanislidilusushae lugumindn
Pnmhenuiiieades Farnnisdnwaded Lﬁaﬂ‘l%"ﬁayjamﬂ%’j’ﬁmmmm%’wmﬂi‘fﬁ JEIRIN
Aanssumsiihesnidususingg fe gulaa-uilam insmsnssy aaamnssy uwavinvissuuiliog

nmsUTsasdessinnusssmslfiluisiasiuannagyladmnsnei 1.2-1
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A5 1.2-1 anudesnsTdirluiuiiguitdrdnuinuiasiasens

R - avwipantlihh Gusua) ngelu | oguée .
flanTninisldin — sauyial
LN LR ue. n.A. an ne. An. Y. 5. pUCR A, s | wa-An) | (Wo4se)

Qlﬂﬂﬂ-Uﬁﬂﬂ 073 0.75 0.73 0.75 0.75 0.73 075 0.73 0.75 0.15 0.68 0.75 4.478 4,605 8.883
INEMINTTY 183 1.89 1.83 1.89 1.89 1.83 1.89 183 189 1.89 171 1.89 11.228 11.045 22279
anamnssy 1.36 1.40 1.36 1.40 1.40 136 1.40 1.36 140 1.40 1.27 140 8323 8.187 16.510
Shwrszuuiion 0.18 0.19 0.18 0.19 0.19 0.18 0.19 0.18 0.19 0.19 0.17 0.19 1125 1.107 2.232
mﬂuﬁmmsﬁws'miw 410 424 4.10 424 424 4.10 4.24 4.10 4.24 424 383 4.24 25.154 24.744 49.898

11 nsunSwennsida
1.3 NSANWIANEAINLLKESUD

Foyavinamvindounds Jelfinisduased puuuaneiausludenauntiil 14
thiniinsiefaunainaneudesnslddiinssusiieg Ineuvinsdnveendu 2 nsdl Ae 14
Usnaniwihsnediede uwarUSinaivismgeads agUldfiaisied 1.3-1 uaz 1.3-2 awddu
nmsiengiaugath wuih nsdiflidviinetiede Uinaiidlasnsfivimaiifigmedios
annsoguih Wl ldmunusesnisvedasins winsdifldusnaniihamady usnuids
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P> a ¢ ’o’ 1 L s -y = & = - ]
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=
1ade)
» vE v v
" arwRpanTslEun (f auaL) qoeu N "
Y sawatl
e, wa, fi.0. na. a.n na. A we. s.A. ua. K. ia | (na-ne) | (We-ole)

Vininhneliedy 0.28 2063 | 6575 | 10322 | 21782 | 518.18 | 47986 67.64 7.59 1.88 4.69 389 | 1,405.069 | 85978 | 1491446
m‘ms’iaan'ls‘l.ﬁﬁws'm 4.10 424 4.10 4.24 424 4.10 424 4.10 424 4.24 383 4.24 25,154 26744 49,808
ldtulasnns 0.00 0.00 0.00 0.00 0.00 1.10 1.10 0.00 0.00 0.00 0.00 0.00 2200 0.000 2.200
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Ysumiin s7mad
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\J?mm'tf'whi'wqmmﬁu 0.00 0.00 0.00 4.54 50.75 122.28 52,70 0.20 0.00 0.00 0.00 0.00 240.277 0.197 240.474
arwideenstitsam 4,10 4.24 4.10 4,24 a.24 410 4.24 4.10 4,24 424 383 424 25.154 24709 49.898
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14 msmamsaitlinadvinads vemsldhluiuiisunan 10 20 was 30 T
auiuilud 2560 Fudutaqiu Viinashviniede eyl 1,491.446 du aun /A B
Tasesnnsanursaduitunld ulpsenisseninadiou fusieu - garau Wedruilsswesoniny
foamstithlufanssu uazandeyaludl 2560 fayamslitheyi 49.898 du ava/A 2
ynaiuineldmanisaiusinaniivinlagld Model HECE Fudulusunsumanisaith Tngldndn
adfdunmansalivitlusunae @ US Army Corps of Engineers 1971) ianaanisalivin
Tueunam uazdeyanislihdn 30 ¥ Sramiiflesuseamsuenesvesimiamesysel Fannzei

1.4-1 Tngaanisalvesmsldunlusiusagfadl

'
1=

1. MSiNEAT Aan1siiulnegifosas 2 sel
2. mygulnmAuslng Anmsifivlnegfesay 2 ol
3. gRAMNTIY Annsiiuinegiiesas 6 del

] ﬂol g 0
A5 1.5-1 aamsaideyanisidunluiiuiiounan 10 20 uaz 30 Vdrewih
1 2569

. rmfoanstith G avan qgru qguds N
Vit Eeh]
Ly, W.A. . n.e. LR ny. fA. LN 6.0 un. nw. fla. | (We-aA) | (Wo-wp)
d‘w-lmﬂwhswuﬂméu 022 2322 6522 99.22 24278 54391 468.74 5887 835 117 365 2,65 1,443,09 74.91 1,518.00
aawdoanmstidsay 555 574 555 574 574 555 574 555 574 574 518 574 3905 33,50 67.55
!}‘I'lﬂulﬂﬂn’li 0.00 0.00 0.00 0.00 0.00 110 110 0.00 0.00 0.00 0.00 0.00 220 0.00 220
\f‘ll“ﬁﬂ -533 17.48 59.67 93.48 237.05 537.26 461.90 5332 261 -4.56 -1.53 -3.08 1,406,89 41.42 1,44825
o a ¢y I PR
AU AATIBVVDURLAYU JUNNUIN
o ¢ 41 v 2 sl & & o % v o '
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U 2579
o avadeanslivh G aua) qgHu quis 5
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e, wa iy, na. an ny, an w.e. S un, . fin. | Ga-an)|(me-oue)

\J‘mﬁmﬁ'ﬂrf‘muﬂmﬂu 0.18 20.00 56.61 87.55 229.55 526.00 47370 69.58 B.70 082 267 188 1,393.39 83.82 147721
Aufnamslithoa 834 862 834 862 862 830 862 830 862 862 7718 862 5116 50,32 101,48
!;'I‘l.ﬂ\.ltl\ﬂn’ﬁ 0.00 0.00 0.00 0.00 0.00 110 110 0.00 0.00 0.00 0.00 0.00 220 0.00 220
\j’ll\ni‘\i) -8.16 11.38 4827 7893 22093 516.56 46398 6129 0.08 -7.80 -5.12 74 1,340.04 3350 1,373.54
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PROJECT : 200 TPH FIRING BOILER AIR POLLUTION CONTROL
v3t nedaSeandnlvh 1ia
anufnsTasants dwandmn sunendmm Samiamysysel
AIR POLLUTANTS EMISSION CALCULATION FOR 200 TPH BOILER

F o
\FermasFaanay : MndoE 71.13% & ludes 18.56% & 1iidu 10.31%

1. nsmesslszneuvaaBomaSsnana : pndod 71.13% & Tudes 18.56% & iy 10.31%

1. seftlszneuidiemasueaninden 2. saflszneuitiemadsuedluden
Composition Unit Dry Wet Composition Unit Dry Wet
Carbon Y 43.27 21.31 Carbon % 40.23 3221
Hydrogen % 5.83 2.87 Hydrogen % 4.63 371
Oxygen Y% 47.70 23.49 Oxygen % 3542 28.36
Nitrogen % 0.20 0.10 Nitrogen % 0.78 0.62
Sulfur % 0.05 0.03 Sulfur % 0.17 0.14
Ash % 295 1.45 Ash % 18.77 15.03
Moisture % = 50.75 Moisture % = 19.93
Total Yo 100.00 100.00 Total Ya 100.00 100.00
NCV (Net Calorific Value) = 7,531.00 NCV (Net Calorific Value) = 11,634.00
(kI/kg) (I/kg)
3. asdtlszneuibemive iidy
Composition Unit Dry Wet
Carbon % 48.69 29.08
Hydrogen % 5.54 331
Oxygen % 38.96 23.26
Nitrogen % 0.66 0.39
Sulfur % 0.08 0.05
Ash % 6.07 3.63
Moisture % " 40.28
Total % 100.00 100.00
NCV (Net Calorific Value) = 10,085.00
(kI/kg)

4. ssrilsznavvestiomaaiananas : mnden 71.13% & ludes 18.56% & iy 10.31%

Composition Unit Dry Wet
Carbon % 43.26 24.13

Hydrogen % 5.58 3.07
Oxygen % 44.52 2437

Nitrogen % 0.36 0.23

Sulfur Y% 0.08 0.05

Ash % 6.21 4.20
Moisture % = 43.95
Total % 100.00 100.00

NCV (Net Calorific Value) = 8,555.83 kl/kg




2.Biomass fuel combustion system

Reactants r Products
Fuel C,H,SNgOA —>
| Combustion Chamber —> €O, H;,0,N; SO,

Air Oy +3.76N; —>

On mass basis
. o
2.1 ﬂ‘l‘iﬂ1H‘Iill‘}11'lF§N'Im9'lﬂ1ﬂ1|NVIqu

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

1) qunsnaw Tuaf 4e4 Carbon C + 0,(an—» CO,
For Carbon = 24.13/100x(32/12) = 0.644 kg
= 64.36 kg/100 kg of fuel
2) aun1sm st vl 183 Hydrogen 2H, + O,(a) —» 2H,0
For Hydrogen = 3.07/100x(16/2) = 0.246 kg
= 24.57 kg/100 kg of fuel
3) qunsn 15w lnsl 4ea Sulphur S + 0,ai) —» S0,
For Sulphur = 0.05/100x(32/32) = 0.0005 ke
= 0.05 kg/100 kg of fuel
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
%o by mass Molecular Weight
kmol kmol O,/kmol | kmol O, required kg O, required
Element composition (kg/kmol)
[ 2] Bl=0]/121 [4] [51=0B31x 4] [6] = [5] x M.W.v84 O,
C 24.13 12 2.011 1.00 2,011 64.36
H 3.07 2 1.536 0.50 0.768 24.57
(6] 24.37 32 0.762 -1.00 -0.762 -24.37
N 0.23 28 0.008 0.00 0.000 0.00
S 0.05 32 0.002 1.00 0.002 0.05
Ash 4.20
Moisture 43.95 18 2.442 0.00 0.000 0.00
Total 100.00 6.760 2.019 64.61

Remarks —ﬁagaﬁ‘lﬁum'muams"’nﬂs1:ﬁaqﬁﬂwnauwu§amﬁa1nﬁaqﬂﬁ1ﬁmi
-Fiamemoulummeesuwded
[11  Percent by mass Sz ldvinfesilfiidinis
[4] kmol O/kmol finiimsIde1n
C + O—>» CO,
H, + O,G@n—> 20,0
S + 0,a) —» SO,
[5] kmol O, required = for complete combustion §910 [4]
[6] kg O, required = [5] x M.W.484 O,




2.2 Compute the weight of air required for complete combustion

(s fil)
(2.019x32)=64.61
(79x2.019/21)x28=212.68

0, required =

N, required =

[ 9ndadauTavtFinas 0,: N, lueinme =

0, fRnnmae 2.1 Compute the weight of oxygen required per 100 kg of fuel : kmol O, required

kmol

(277.29/100)

N Molecular Weight kg/100 ke,
Data (kg/kmol)
11] 121 [31=1]x 2]
0, required 2.019 32 64.61
N, required 7.596 28 212.68
Total 277.29
Remarks
[1] kmol
N, WWormesisznerveserniniisl faluTasion 70% Sadnnaldh
kmol 4843 N,= (79x2.019/21)=17.59
Theoretical Air Mass = 2.77
Theoretical Air Volume = 2.14

(3.918/1.293)

o 4 a as 3
(Fuwnn V=m/p : p Hauvgll 0° C ANUAY 1 UTSUINR P=1.293 kg/m

manRoudiousuns1dauns

kg-air / kg-fuel

3
m /kg

ke/100 kg of fuel
kg/100 kg of fuel
21779}

Theoretical Air Volume (A,) = 8.89x C+26.7x (H-0/8)+333x8
A, = ((8.89 x 24.13%) + (26.7 x 3.07% - (24.37% /8 ))+(3.3 x 0.05%))/100)
= 2.15 m/kg ex Feftad 18 lndRee it msdnaddy
2.3 Compute the weight of the products of combustion
kg-Oxygen /
% by mass composition Nitrogen Products kg Products (Wet)
Fuel Composition 100kg,
M 121 13 [4] 15] (swmaiur 5])
C 24.13 64.36 CO, 88.49 (24.13 x (((32 x 1.00)+12)/12))
H 3.07 24.57 H,0 (from H;) 27.64 (3.07 x (((32 x 0.50)+2)/2))
(o] 24.37 -24.37 0, 0.00
N from Fuel 0.23 N, 0.23
N from Air 212.68 N, 212.68
S 0.05 0.05 50, 0.10 (0.05 x (((32 x 0.00)+0)/0))
Moisture 43.95 0.00 H,0 (Moisture) 43.95 (43.95 x (((32 x 0.00)+18)/18))
Total 373.09
2.4 Convert the Flue-gas weight to volume
2.4.1 Normal Operation
Gas Temperature@ ID Fan Inlet Condition 120 °C
Excess Air 30 %
Wanarvesuda 1 Tua 7 0 °C A2wdU t U356 224 E (81984 : rAMZURAANAA (Ideal gas) , Avogadro's Hypothesis)
Molecular Weight Volume (m3) Volume (mj) @ | Volume (ms) @ Dry flue
Product kg mole (n) %Gas by vol (Dry basis)
(g/mol) @0°C Wet flue gas 120°C gas 120°C
[5]=[4] % (51 (lisaw H,0 (Hy) uae
[1] [2] [B1=01/[2] |4]=[31x22.4 [61=([51/402.84)x 100
((273+120)/273+0)) H,0 (Moisture))
CO, 88.49 44 2.01 45.05 64.85 64.85 16.10
H.0 (H,) 27.64 18 1.54 34.40 49.52
N, 212.68 28 7.60 170.14 244.93 24493 60.80
H,0 (Moisture) 43.95 18 2.44 54.69 78.73
S0, 0.10 64 0.00 0.04 0.05 0.05
0, (Excess Air) 19.38 32 0.61 13.57 19.53 19.53
N, (Excess Air) 63.80 28 228 51.04 73.48 73.48
Total 456.05 368.93 531.10 402.84




a a ¢ w &
auTBWs e AT IAdail

Remarks
[1] kg Product
1) CO, 'n1ﬂ‘l’l'al;l‘ﬂ"lﬂyi!'lﬂﬂ‘li 19 2.3 Compute the weight of the products of combustion : kg Product ¥®3 Carbon
2) H,0(H,) mm’l’aqa"lé'mnaﬁn 2.3 Compute the weight of the products of combustion : kg Product ¥84 Hydrogen
)N, ﬂaga"lﬁmnmsu 2.3 Compute the weight of the products of combustion : Nitrogen
4) H,0 (Moisture) ‘ift)l.;ﬁvlfsl’i]'mmi 14 2.3 Compute the weight of the products of combustion : kg Product ¥83 Moisture
5) S0, ‘ﬁ’aga"lﬁ'mnmin 2.3 Compute the weight of the products of combustion : kg Product Y84 Sulfur
6) O, (Excess Air) fiom 0, ﬁa"aq'lsﬂumi lm"lﬂﬂ’mquua mnmﬂﬁ 2.2 Compute the weight of air required for complete combustion x 30% (Excess Air)
6) N, (Excess Air) flem N, ﬁﬁaalﬂumﬂm"luﬁ'quyﬁ iﬂﬂmi‘l'ﬁ 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] 112U mole (n) = mass (kg) / Molecular Weight
4] s uBeBINAI 0°C latm
[5] Wnmsvese A 120°C
161 %Gas by vol (Dry Basis) fie (lefidud lnsySanasvesuRa TaolsiAnmA1 1 (Dry basis)
Gvol = 53110 m/100kg foel wetbasis 1 120°C
- 402.84 m’/100kg fuel dry basis (64.85 + 244.93 + 0.05 +19.53 + 73.48)
Flue gas density = 0.859 ke/m’ wet basis (456.05 / 531.10)
Fuel Required and Gas Flow Rate
Parameter Symbol Calculation Value Unit
Steam Temp. Generate Tout Specification 400.00 °E
Steam Pressure generate Pout Specification 45.00 barg
Steam Enthalpy hout Steam Table 3,203.75 kJ/kg
Feedwater Temp Tfw Measured Data 105.00 °G
Feedwater Enthalpy hfw Steam Table 443.45 kl/kg
Ash in fuel a Data 4.20 % (@adinTiziienlfiamy)
Fuel NCV (wet basis) NCV Biomass Data 8,555.83 kl/kg
%Unbum loss in Carbon %c Ref : Data 1.00 %

' o a -
9%Unburn loss in Carbon fio msis Indf Iauysel Fufamiveunaunde (Unbured carbon)

v oy
o d o

Ref: gitonistiinys@ngnmTse T awaauadnuin (vsep), asy TsaqgammAs Ty AuAATIN 1 ; SunAY 2561

Boiler Capacity TPH Specification 200.00 T/H
Boiler kW Qin TPH*(hout-hfw) | 153,349.74 kW [ (200 x 1,000/60/60) x (3,204-443) ]
Boiler Efficiency eff Data 89 Design data (ﬁagamnvj’nﬁ a)
Fuel Required mf Qin/eff/NCV 2025 kg/ls [153,350/0.89/8,556 ]
Calculated Gas Flow Rate@ID Fan Inlet Condition Gvol*mf/100 107.56 m:/s Wet basis [531x20.25/100]
Gas Flow Rate Calculation (Wet basis)

Calculated Gas Flow Rate@ID Fan Inlet Condition . 107.56 mj/s

*Air-heater leakage 10% of Gas Flow = 10.76 ma/s

*Furnace air leakage 10% of Gas Flow = 10.76 mj/s

Safety Factor 20% of Gas Flow = 21.51 m3/5

Total Gas Flow@blower Inlet Condition = 150.58 m3/s

»
« Ref : Brapafeyannminuszumie lorh voausdn Inugafewman T tifa

2.4.2 Base on 7% O,
Flue Gas Temperature 120 °C
Excess Air 50 %

1 ' a 4 v o 4 § N 4 3 i
(nafAouentadIunuf 30% Uiy 50% e ildan11zd 7% 0, Awderimuaiiion a1 Emissions)

o
Wimasveund

1 Twa % 0 °C Aawdu 1 ussoma 224 L (81984 : anmzufidoAunR (deal gas) , Avogadro's Hypothesis)




Molecular Weight Volume (ms) Volume (mj) @ Volume (ms) @ Dry flue
Product kg mole (n) %Gas by vol (Dry basis)
(g/mol) @ 0°C Wet flue gas 120°C gas 120°C
[5]=[4] x (5] (his H,0 (H,) tiag
[1] [2] [B1=[11/[2] |[41=[31x224 [6]=([5]/ 464.85 ) x 100
((273+120)/(273+0)) H,0 (Moisture))
Cco, 88.49 44 2.01 45.05 64.85 64.85 13.95
H,0 (H,) 27.64 18 1.54 34.40 49.52
N, 212.68 28 7.60 170.14 24493 244.93 52.69
H,0 (Moisture) 43.95 18 2.44 54.69 78.73
50, 0.10 64 0.00 0.04 0.05 0.05 0.01
0, (Excess Air) 3231 32 1.01 22.61 32.55 32.55 7.00
N, (Excess Air) 106.34 28 3.80 85.07 122.46 122.46 26.34
Total 511.51 593.10 464.85 100.00
Remark a‘imumﬂﬁma{ﬁhaq mumi‘m"’i 2.4.1 Normal Operation
Gol - 593.10  m’/100kg fuel wetbasis 1 120°C
= 464.85 m3/100kg fuel dry basis ( 64.85+244,93+0.05+32.55+122.46)
= 35248 Nm/l00kgfuel  drybasis  §25°C
Flue gas density = 0.862 kg/ma wet basis (511.51/593.10)
Fuel Required and Gas Flow Rate
Parameter Symbel Calculation Value Unit
Steam Ternp. Generate Tout Specification 400.00 °C
Steam Pressure generate Pout Specification 45.00 barg
Steam Enthalpy hout Steam Table 3,203.75 kl/kg
Feedwater Temp Tfw Measured Data 105.00 °C
Feedwater Enthalpy hfw Steam Table 443.45 kl/kg
Ash in fuel a Data 4.20 %
Fuel NCV (wet basis) NCV Biomass Data 8,555.83 kl/kg
%Unbumn loss in Carbon %c Ref : Data 1.00 %
Boiler Capacity TPH Specification 200.00 T/H
Boiler kW Qin TPH*(hout-hfw) | 153,349.74 kW ((200 x 1,000/60/60) x (3,204-443))
Boiler Efficiency eff Data 89 (Design data)
Fuel Required mf Qin/eff/NCV 20.25 kg/s (153,350/0.89/8,556)
Calculated Gas Flow Rate@ID Fan Inlet Condition Gvol*mf/ 100 120.12 mz/s Wet basis [593 x20.25/100 ]
94.14 e Dry basis [465x 120.12/100]
Gas Flow Rate Calculation Wet Basis Dry Basis
Calculated Gas Flow Rate@ID Fan Inlet Condition = 120.12 mz/s 94.14 ml/s
*Air-heater leakage 10% of Gas Flow = 12.01 s 9.41 ms
*Furnace air leakage 10% of Gas Flow = 12.01 m3/s 9.41 mJ/s
Safety Factor 20% of Gas Flow = 24.02 e 18.83 ms
Total Gas Flow@blower Inlet Condition = 168.16 m3/s 131.80 ms/s ﬁ 120°C
Total Gas Flow at 25 °C = 127.51 ma/s 99.94 m3/s

=
* Ref : r989tpyavinmsiFuszyunde lorh vou3on InegeFeenia il Siia




2.5 Total Ash Amount

Ash content in biomass fuel

Unbumed 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 fumace 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 ESP inlet flue gas
Ash correcting efficiency at ESP

Dust concentration at ESP outlet flue gas

6.21 wt% at dry basis
4.20 wt% at wet basis
100 wi%atwetbasis  (@uuAlimnumiignanuounes (Takuma's uuziin)
2025 kefs
72,908.80  kg/h [20.25x60x60]
Fuel consumption x [ Ash% (wet) + Unburned loss% (wet) ]

3,787.76  kgh [72,908.80 x 4.20% + 1%) ]

60.00 wt% (TAKUMA's experience number)

Total ash amount x Fly ash ratio

227266  kgh [3,787.76 x 60.00% ]
47448259 m'/h (120°C) [131.80 x 60 x 60 }
359,785.78  m/h (25°C) [99.94%60x60]

(Fly ash amount / Dry flue gas flow) x 1,000

632 g/Nm'(dry) [2,272.66/359,785.78 x 1,000
631670  mg/Nm (dry) [632x1,000]
1.50 wt% (TAKUMA's experience number)

Fly ash amount x Ash retaining ratio%
34.09 kg/h [2,272.66 x 1.50 %]
Ash retaining amount per hour x 24 hour

818.16 kg/day [34.09x24]

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

227 g/Nm'(dry) [ (818.16/ 1.00) / 359,785.78 x 1,000 ]
2,27401  mg/Nm (dry) [2.27x 1,000]

859  g/Nm(dry) [6.32+227]
8,590.71  mg/Nm (dry) [8.59% 1,000]

10.00 % (TAKUMA's experience number)

Dust concentration from fumace at nomal operation x (100% - 10%)
569  gNm'(dy) [632x(1-0.10)]
15.00 % (TAKUMA's experience number)
483 p/Nm'(dry, 0,=7%) [5.69%x(1-015)]
98.38 % [ From ESP Efficiency ]

Dust concentration at ESP inlet flue gas x (100% - ESP Eff%)

7824  mg/Nm (dry basis, 25°C, 1 atm 7% O,) [4.83 % (1-98




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 ESP inlet 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)

3.3 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

10.00 % (TAKUMA's experience number)

Dust concentration at soot blowing period x (100% - 10%)

773 /N’ (dry) [8.59x(1-0.10)]

15.00 % (TAKUMA's experience number)

657  gNm(dy,0,=7%) [7.73x(1-0.15]

98.38 % [ From ESP Efficiency ]

Dust concentration at ESP inlet flue gas x (100% - ESP Eff%)
3
106.40 mg/Nm (dry basis, 25°C, 1 atm 7% O,)

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

7824 mg/Nm'(dry basis, 25°C, 1 atm 7% O,)
10640  mg/Nm (dry basis, 25°C, | atm 7% O,)

[6.57 x (1 - 98.38 %) x 1,000 ]

900.00 N
2025 kg/s
72,908.80 kgh [20.25x60x 60 ]
0.23 %by weight
25 %
(72,908.80 kg/hr x 0.23% x 25% ) x 46 / 14
135.60 kg/hr as NO,
99.94 -
359,785.78  Nm'/h (7%, Op, 25°C) [99.94% 60 x 60 ]
(NOx Kg/hr) / Flue Gas Flow Rate (le/h)
(135.60 / 359,785.78) x 10”6
376.88 mg/Nm' as NO,
negligible (Because of low combustion temperature)
negligible (Because of low combustion temperature)
376.88 mgNm as NO,
20 %

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

3
301.50 mg/Nm as NO,

24.45 x Concentration (mg/mj) / Molecular weight (NO.)

(24.45x301.50 }/ 46
160.26 ppm

200.00 ppm ....0.K.

_10_
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4. SO, Emission Calculation

4.1 Fuel SOx
Fuel Required = 20.25 ke/s
= 72,908.80 keg/h [20.25x 60 x 60 ]
S-Component in fuel . 0.052 % by weight
S0, Conversion Rate = 45 %

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).

vinaunsAs lngd S + 0, > S0,
32 + 32 64

SO, Production = (72,908.80 kg/h x 0.05% x 45% ) x 64/32

- 34.43 kg/hr
Flue Gas Flow Rate - 99.94 ms

- 35078578 Nm'/h (7%, O, 25°C) [99.94x 60 x 601
4.2 SOx Emission
S0, Concentration = (SO, Ke/h) / Flue Gas Flow rate (Nm/h)

= 34.43 /359,785.78 x 1076

= 101.98 mg/Nm

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

- (24.45%101.98 ) / 64

= 38.96 ppm (7%, 0,, 25°C)
Limited SOx as SO, = 60.00 ppm ...0.K.

_11_



PROJECT DESIGN : 200 TPH BOILER AIR POLLUTION CONTROL
& =) s
(FonasTmanan : Mndes 71.13% & ludes 18.56% & 131&1 10.31%
v3tn Inejusewdalvd 1ia
a9 o o B o v @ ¢
aoHnAalATINI MuanImn sunaAIMN JanTanysysal
AIR POLLUTION CONTROL DESIGN CALCULATION

ELECTROSTATIC PRECIPITATORS (ESP)

1.DESIGN CONDITIONS

1) Total Gas Flow Rate (Q) = 168.16 ms

605,393.67 m /hr
2) Temperature of Inlet Gas (T) = 120.00 °C

3
0.8888 kg/m

3) Density of Inlet Gas ( (o8 )

< 2
4) Kinematic Viscosity (V) = 2564 10 m/s

5) Viscosity of Inlet Gas ( LL)

2.28E-05 kg/(m.sec)

3
6) Density of Ash (D) 1,200.00 kg/m

2. PARTICLE SIZE DISTRIBUTION

! a 0 A ad A o w 1 A A )
ﬂ15ﬂ5$“1Uﬂu1ﬂﬂ60ﬂua3991“waﬂan1ﬂﬁﬂﬂQﬁﬂ1iua5qﬂﬂiﬂuwaﬂ1ﬂﬂdua$ﬂa4uuq fuaqﬂ1ﬂqﬂﬂimuﬂﬁzqﬂﬂimﬂﬂ31”ﬁ1“15ﬂ1u

@

o w4 [T I ) o ) 4 o a I @ o ) s 2 P Y
mathaiadu iy Sadeahinsasisiansnszaesuiavesiuazess e liifendgunseitimindu wagvuiavesginsaiing Tignees

LmSﬁ’oﬂﬂﬁ“ﬁ]»ﬂﬁ"lJmi'lj1ﬁﬂﬂua:ﬂaﬂw111ﬂ'|§ﬂi$‘ilw‘llu1ﬂ7lﬁlﬂi1$ﬂ a
Size Category | Midpoint
Number of Particles, n %Frequency Cum. %Frequency
(Hm) (m)

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
20-70 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 (M) of Particle

VUIAUBIBYNIA (Partical Size)

¥ { w

tumseenuuvginsaldniu deyaiidiyiigateviaveseynianiodu AnumnuvesnIAveIEYNIA MLE IdURTL

{ 2 ' ) : ' o ¥ ly 1g 1 o
(Diameter) lunsaifoumaiiunsenan udTasia lleymaiizisrmaveds uenninnsanan Aniuoymai hilamsainaminue

o & da
Equivalent Diameter Taoifieuny Projected Area WuAR1 YSures wa Fudu

_12_




. g ' lad 44 o i o
Equivalent Volume Diameter (De) (uidurgudnatsvesanaufififuiitiiiu Projected Area vaseyma A Idninaums

- . 113
Equivalent Volume Diameter (De) Dc(60L/ TT)

Dc

Dia. Of Equal Area Circle
(01 = Volume Shape Factor = 0.24*
' 4 1 v < e
Aerodynamic Diameter (Da) i udurigudnmsvensenauiiiniumuiuiy 1 niu de av.au. uaziinnuFanlusimmmnuveseyma

: Ey . ) :
A1 Aerodynamic Diameter FUBgRFUTIATBIBYAIA J1I510 HazANUMUIUYBIBYMA Al Idnnaus

1”2
Aerodynamic Diameter (Da) De(PTT/ Pdc)

pd Water Density = 1,000 kg/m3
X = Dynamic Shape Factor = 1.11*

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

Size Category | Midsize | Number of 4 5 Mass Ratio
De Da n,Da, TUPn;Da; /6

(Kim) ({im) 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) ESP to Collect the Small Particulate from Exhaust Gas Before Flow Though Stack by Electrostatic Field.
4.1) ELECTROSTATIC PRECIPITATORS (ESP)
isosdndunuyinihaiad dundesilofidus i lumsusnoymnesnainnszuafaTasiivdnnns Ao Tduszq i lueynin udriu
aqmﬂﬁﬁﬂs:q"lviﬁ‘mi’1'lﬂ1uan1u"lwﬁ1ﬂﬁﬂﬁaun1ﬂnwd15ﬂzlﬂﬁ'auﬁn’ﬁmgmﬁuuuttﬁulﬁuéqﬁﬁnﬂﬂﬁmﬁﬁ'ua’fmr'fmmwumﬂ ESP &
Yszansnmgalumaiveymaduitfivuaidnndt 1 lunseu Taei lufidssEndnmnds 99.5% wiogend Mgriuld Esp odrauminargluns

: ; T
munuuaisemrvedlssugarmnssuaen T Tse T uaznieleth (Boiler) iudu
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4.1.1) Design Parameters

Parameter Range
Drift Velocity, w, 1.0 - 10 m/min
Channel Width, D 15-40cm
Specific Collection Area , SC4) 0.25-2.1 mz/(ms/min)
Gas Velocity, u 1.2-25m/s
Aspect Ratio, R 05-1.5
Corona Power Ratio, Pc/Q 1.75 - 17.5 W/(m /ain)
Plate Area per Electrical Sections 460 - 7400 m2
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 = 11.0 m.
Plate Long, Lp = 8.2 m.
Drift Velocity, w, = 8.50 m./min
Channel Width, D - 30.00 cm
Gas Velocity, u = 1.90 m/s
Aspect Ratio, R = 1.33

4.1.3) Number of Duct,(Nd) Duct 3 Bus Duct (Shumaudu Wfhdmiurh Ivifa Indadad iteusneymedusenninnszuatig

Nd B Q/uxDxH
Total Gas Flow Rate (Q) = 168.16 m3/s
Gas Velocity, u = 1.90 m/s
Channel Width, D = 30.00 cm
Plate Height, = 8.00 m.
Nd = 168.16 /(1.90 x 30.00 x 8.00)
= 26.82 Ducts
Choose Ns = 27.00 Ducts

_ = o F . 4 o , :
4.1.4) Number of Section, Ns Us¢n3n1nueq ESP Tusgfus1n47u Section W30 Field 1A309 ESP Winuseenifiunaiy Bus Section %30 Field

' - . o A o P a 4
1uuAay Bus Section 933 Transformer - Rectifier Set Y84ALD4 tadFuauin Power Supply 1ﬁ'mmzaummmmazamasmsmum‘%aﬂu ESP

Ns = RxH/Lp
Aspect Ratio, R = 1.33
Plate Height, & = 11.00 m.
Plate Long, Lp = 8.24 m.

Ns = (1.33x 11/8.24)
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= 1.78 Sections
Choose Ns = 2.00 Sections
X d ' i ¥ N
4.1.5) Actual Collection Area, As fio AufivaausuAudu (Plate) ienualugmnldauis

As = 2xHxLpxNsxNd

As 2 x 11.00 x (8.24 x 2.00 x 27.00)

9,789.12 m’

o ' £ da ' o ' 4
4.1.6) Specific Collection Area, SCA fi® STiauYeIRUAR DALY (Collection Plate) Aosns1ms InavesmarnuAzes ESP Tuanmld
US4 Aaaasluaums
Specific Collection Area, SCA = A/Q
= 9,789 /168.16 x 60
2.3
= 0.97 m /(m /min)

(In The Range of Design Parameter)

4.1.7) Plate Area per Electrical Set = As/Ns
= 9,789 /2.00
2
= 4,894.56 m
(In The Range of Design Parameter)

4.2.8) ESP Efficiency

@

H s a A 2 o
aumzngsnaumnnlumsmdszinininuesses ESP Aomun1598 Matts-Ohnfield He'ldAAu1aruNI Y84 Deutsch Anderson Taen1s 14

v
ar '

. A v
A1 K Factor ‘NﬂﬂWﬂ\illﬂ 04-0.6 pangas lugums
Use Matts-Ohnfeldt equation and k = 0.5

M l-exp (-weA/Q)o'5

= 0.984

= 9838 %
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PROJECT : 200 TPH FIRING BOILER AIR POLLUTION CONTROL
v e juTasndavivh $1da
aawiinalnsents darsmy suneadmm Sandamyysel
AIR POLLUTANTS EMISSION CALCULATION FOR 200 TPH BOILER

(oA :n 1038 67.96% & Tuden 15.30% & 1Hdu 14.35% & lmhdw 2.39%

1. msmeansznouvoaeimBanm :nndan 67.96% & luden 15.30% & iy 14.35% & lnhdw 2.39%

1. asflsznevidiemaavesnindon 2. oadtlszneuiemdvedluden
Compeosition Unit Dry Wet Compeosition Unit Dry Wet
Carbon % 43.27 21.31 Carbon % 40.23 3221
Hydrogen % 5.83 2.87 Hydrogen % 4.63 371
Oxygen % 47.70 23.49 Oxygen % 35.42 28.36
Nitrogen % 0.20 0.10 Nitrogen % 0.78 0.62
Sulfur % 0.05 0.03 Sulfur % 0.17 0.14
Ash % 295 1.45 Ash % 18.77 15.03
Moisture Y% - 50.75 Moisture Y% = 19.93
Total % 100.00 100.00 Total % 100.00 100.00
NCV (Net Calorific Value) = 7,531.00 NCV (Net Calorific Value) = 11,634.00
(kI/kg) (k/kg)
3. aenszneuitiamdsvesliidy 4. ovlszneudamdavedlanhds
Composition Unit Dry Wet Composition Unit Dry Wet
Carbon % 48.69 29.08 Carbon % 48.35 35.73
Hydrogen % 5.54 3.31 Hydrogen % 548 4.05
Oxygen Y% 38.96 23.26 Oxygen % 36.70 27.12
Nitrogen % 0.66 0.39 Nitrogen % 1.21 0.89
Sutfur % 0.08 0.05 Sulfur % 0.10 0.07
Ash % 6.07 3.63 Ash % 8.16 6.03
Moisture % = 40.28 Moisture Y% 0.00 26.11
Totat % 100.00 100.00 Total % 100.00 100.00
NCV (Net Calorific Value) = 10,085.00 NCV (Net Calorific Value) = 13,000.00
(kJ/kg) (kl/kg)

4. ssfilsznenveiomBana :nndn 67.96% & Juden 15.30% & 19id 14.35% & Tondu 2.39%

Composition Unit Dry Wet
Carbon % 43.70 24.44
Hydrogen % 5.60 3.09
Oxygen % 4430 24.29
Nitrogen % 0.38 0.24
Sulfur % 0.07 0.05
Ash % 5.94 3.95
Moisture % - 43.94
Totat % 100.00 100.00
NCV (Net Calorific Value) - 8,655.97 kl/kg
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2.Biomass fuel combustion system

Reactants ] Products
Fuel CH.SN,0A —>
| Combustion Chamber —> CO, H;0, N,.SO,
Ar Oy +3.76N; —>

On mass basis
. a
2.1 mimmmmiﬁmmmmﬂquug

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

1) aun1satsenTnd ves Carbon C + 0,ain—> CO,
For Carbon = 24.44/100x(32/12) = 0.652 kg
= 65.17 ke/100 kg of fuel
2) aunsasnt Iusl vea Hydrogen 2H, + O,(ai) —> 2H,0
For Hydrogen = 3.09/100x(16/2) = 0.247 kg
= 24.72 ke/100 kg of fuel
3) aunsn1sin Tusl vea Sulphur S + 0,(ai) —> SO,
For Sulphur = 0.05/100x(32/32) = 0.0005 kg
= 0.05 kg/100 kg of fuel
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
% by mass Molecular Weight
kmol kmol O,/kmol | kmol O, required kg O, required
Element compeosition (kg/kmol)
[1] 2] B1=111/12] [4] 51 = 31 x [4) 161 = [5] x M.W.484 O,
C 24.44 12 2.036 1.00 2.036 65.17
H 3.09 2 1.545 0.50 0.772 24.72
o) 2429 32 0.759 -1.00 -0.759 -24.29
N 0.24 28 0.009 0.00 0.000 0.00
S 0.05 32 0.002 1.00 0.002 0.05
Ash 3.95
Moisture 43.94 18 2.441 0.00 0.000 0.00
Total 100.00 6.792 2.051 65.65

Remarks —ﬁugai‘:'lé'umnnams"]tm1:1faaffﬂssnauuaqtéamﬁmnﬁmﬂﬁu‘ﬁmi
-Stmssnnaluanedmeldgd
[1]  Percent by mass Tins1ei ldninriealfiidnts
[4] kmol O/kmol Fiunarldaan
C + 0,@)—>F CO,
2H, + 0,Gi)—»  2H,0
S + 0,(ai) —» SO,
[5] kmol O, required = for complete combustion g3 [4]
[6] kg O, required = [5]x M.W.983 O,
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2.2 Compute the weight of air required for complete combustion

- Molecular Weight kg/100 ke,
Data (kg/kmol)
[1] 12} [3]1=[11x12]

0, required 2.051 32 65.65
N, required 7.717 28 216.09

Total 281.73

Remarks
[1] kmol

Theoretical Air Mass

Theoretical Air Volume

P

(s 1)
(2.051x32)=65.65
(79x2.051/21)x28=216.09

O, required =
N, required =

[ondadulasliings 0,: N, luema =

0, 1A91nA1519 2.1 Compute the weight of oxygen required per 100 kg of fuel : kmol O, required

iy o o
N, 189 nesdilsznenvesenmeanil falulasion 79% Safnn1dn

kol V83 N,=

(79x2.051/21)=17.717

2.82

2.18

kmol

(281.73/100)

(3.918/1.293)

(FMIUA V =m/p : p NQuuqil 0°C ANUAYU 1 UTTNA p=1.293 ke/m’

minFoudisudums [aunis

kg-air / kg-fuel

3
m/kg

kg/100 kg of fuel
ke/100 kg of fuel

21/79]

Theoretical Air Volume (A ) = 889xC+267x(H-0/8)+3.33xS
A, = ((8.89 x 24.44%) + (26.7 x 3.09% - (24.29% /8 ))+(3.3 x 0.05%))/100)
= 2.17 kg e Fadon I8 lndidvedEmarnnudidy
2.3 Compute the weight of the products of combustion
kg-Oxygen /
% by mass composition Nitrogen Products kg Products (Wet)
Fuel Composition 100kg,
[1 12] 13] [4] 51 (sumafiun 15])
C 24.44 65.17 CO, 89.60 (24.44 x (((32 x 1.00)+12)/12))
H 3.09 24,72 H,0 (from H,) 27.81 (3.09 x (((32 x 0.50)+2)/2))
0] 2429 -24.29 o, 0.00
N from Fuel 0.24 N, 0.24
N from Air 216.09 N, 216.09
S 0.05 0.05 S0, 0.10 (0.05 x (((32 x 0.00)+0)/0))
Moisture 43.94 0.00 H,0 (Moisture) 43.94 (43.94 x (((32 x 0.00)+18)/18))
Total 371.78
2.4 Convert the Flue-gas weight to volume
2.4.1 Normal Operation
Gas Temperature@ ID Fan Inlet Condition 120 °C
Excess Air 30 %
Pamsvaanfa 1 Tua # 0 °C Ay 1 UTsEnte 2.4 L (81984 : anzufTgaund (deal gas) , Avogadro's Hypothesis)
Molecular Weight Volume (ms) Volume (ms) @ | Volume (ms) @ Dry flue
Product kg mole (n) %Gas by vol (Dry basis)
(g/mol) @0°C Wet flue gas 120°C gas 120°C
[5)=[4] x 151 (5w H,0 (H,) wog
[1] [2] [31=011/12] |[4]=[31x224 [61=1([5]/409.08 ) x 100
((273+120)/(273+0)) H,0 (Moisture))
Cco, 89.60 44 2.04 45.62 65.67 65.67 16.05
H,0 (H,) 27.81 18 1.54 3461 49.82
N, 216.09 28 7.72 172.87 248.86 248.86 60.83
H,0 (Moisture} 43.94 18 2.44 54.68 78.72
S0, 0.10 64 0.00 0.04 0.05 0.05 0.01
0, (Excess Air) 19.69 32, 0.62 13.79 19.85 19.85
N, (Excess Air) 64.83 28 2:32 51.86 74.66 74.66
Total 462.06 373.46 537.62 409.08
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vo 4

Remarks  ©BueMIHiABTIIAAITIN IRl
[1] kg Product
1) CO, mn'ﬁ'ﬂga'lﬁ'mnnﬁu 2.3 Compute the weight of the products of combustion : kg Product Y84 Carbon
2) H,0(H,) mnﬁaga'lﬁ'mnmiw 2.3 Compute the weight of the products of combustion : kg Product Y84 Hydrogen
3)N, i’l’ﬂga"lﬁ'mnmiw 2.3 Compute the weight of the products of combustion : Nitrogen
4) H,0 (Moisture) ﬁaya"ls’w’ummsw 2.3 Compute the weight of the products of combustion : kg Product Y83 Moisture
5) S0, \’l’aqa"lﬁ'mnmi 14 2.3 Compute the weight of the products of combustion : kg Product Y83 Sulfur
6) O, (Excess Air) flam 0, ﬁé’aﬂﬂumﬂm"lwﬁmquyﬁ A1 1'7; 2.2 Compute the weight of air required for complete combustion x 30% (Excess Air)

6) N, (Excess Air) e N, ﬁn"m“h’f“lunmm'lnﬂmquua AT 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] 142U mole (n) = mass (kg) / Molecular Weight

[4] asveseImeiil 0°C latm

[5] nasvesn e 150°C

161 %Gas by vol (Dry Basis) fie 1lestFud IncalSunsue i Tao'lsiAnsAamd (Ory basis)

Gol = 537.62  m’/100kg fuel wetbasis i 120°C
= 409.08 m’/100kg ful dry basis (65.67 + 248.86 + 0.05 +19.85 + 74.66)
Flue gas density = 0.859 kg/m3 wet basis (462.06 / 537.62)
Fuel Required and Gas Flow Rate
Parameter Symbol Calculation Value Unit

Stearn Temp. Generate Tout Specification 400.00 °C
Steamn Pressure generate Pout Specification 45.00 barg
Steam Enthalpy hout Steam Table 3,203.75 kl/kg
Feedwater Temp Tfw Measured Data 105.00 °C
Feedwater Enthalpy hfw Steam Table 443.45 ki/kg
Ash in fuel a Data 3.95 % @nnading ieiielfinns)
Fuel NCV (wet basis) NCV Biomass Data 8,655.97 kJ/kg
%Unburn loss in Carbon %c Ref : Data 1.00 %

] S o
9%4Unburn loss in Carbon fia mzi Il Wauysal Fufnmfveuraunie (Unburned carbon)

v L)
Ref : gliomsoiu)sz@nsnm s IS auavmadnuin (VSPP), nsu lseugaavns sy iviasad 1 : funay 2561

Boiler Capacity TPH Specification 200.00 T/H

Boiler kW Qin TPH*(hout-hfw) | 153,349.74 kW [ (200 x 1,000/60/60) x (3,204-443) ]

Boiler Efficiency eff Data 89 Design data (‘l’!'m_l,ail'lﬂwz’ﬂﬁn)

Fuel Required mf Qin/effNCV 20.02 kgfs [ 153,350 /0.89 /8,656 ]

Calculated Gas Flow Rate@ID Fan Inlet Condition Gvol*mf/100 107.62 m3/s Wet basis [538x20.02/100]

Gas Flow Rate Calculation (Wet basis)

Calculated Gas Flow Rate@ID Fan Inlet Condition = 107.62 m/s
*Air-heater leakage 10% of Gas Flow = 10.76 mJ/s
*Fumnace air leakage 10% of Gas Flow = 10.76 m3/5
Safety Factor 20% of Gas Flow = 21.52 mj/s
Total Gas Flow@blower Inlet Condition e 150.67 mJ/S

I
* Ref : §nBefoyannnrnfuszuymiie low vew3dn Inefusewndn Wi firf

2.4.2 Base on 7% O,
Flue Gas Temperature 120 °C
Excess Air 50 %

5 . ; : :
@nadirenenirdauiui 30% Uil sov% e lildan1azii 79% 0, awderimuatiion a1 Emissions)

Pnasvesuda 1 Tua # 0 °C ANWAU 1 U550IAIA 2.4 L (81384 : annzuAaoauAR (Ideal gas) , Avogadro's Hypothesis)
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Molecular Weight Volume (ms) Volume (ms) @ Volume (mg) @ Dry flue
Product kg mole (n) %Gas by vol (Dry basis)
(g/mof) @ 0°C Wet flue gas 120°C gas 120°C
(5] = [4] x 151 (lsisaw H,0 (H,) 1ag
[1 [2] [B]=[11/[2] [[4]=[31x22.4 [61=([51/472.08 ) x 100
((273+120)/(273+0)) H,0 (Moisture))
COo, 89.60 44 2.04 45.62 65.67 65.67 13.91
H,0 (Hy) 27.81 18 1.54 34.61 49.82
N, 216.09 28 7.72 172.87 248.86 248.86 5272
H,0 (Moisture) 43.94 18 2.44 54.68 78.72
S0, 0.10 64 0.00 0.04 0.05 0.05 0.01
0, (Excess Air) 32.82 32 1.03 22.98 33.08 33.08 7.01
N, (Excess Air) 108.04 28 3.86 86.44 124.43 124.43 26.36
Total 518.41 600.62 472.08 100.00
Remark  83UWWITHABTANY AA151# 2.4.1 Normal Operation
Gal E 600.62  m’/100kg fuel wetbasis 1 120°C
= 472.08 m’/100kg fuel dry basis (65.67+248.86+0.05+33.08+124.43)
= 35796 Nm/100kg fuel  Grybasis i 25°C
Flue gas density = 0.863 kng wet basis (518.41/600.62)
Fuel Required and Gas Flow Rate
Parameter Symbol Calculation Value Unit
Steamn Temp. Generate Tout Specification 400.00 °C
Steam Pressure generate Pout Specification 45.00 barg
Steam Enthalpy hout Steam Table 3,203.75 kl/kg
Feedwater Temp Tfw Measured Data 105.00 °C
Feedwater Enthalpy hfw Steam Table 443 .45 kl/kg
Ash in fuel a Data 395 %
Fuel NCV (wet basis} NCV Biomass Data 8,655.97 kl/kg
%Unburmn loss in Carbon %c Ref : Data 1.00 %
Boiler Capacity TPH Specification 200.00 TH
Boiler kW Qin TPH*(hout-hfw) | 153,349.74 kW ((200 x 1,000/60/60) x (3,204-443))
Boiler Efficiency eff Data 89 (Design data)
Fuel Required mf Qin/eft/NCV 20.02 ke/s (153,350 /0.89 /8,656 )
Calculated Gas Flow Rate@ID Fan Inlet Condition Gvol*mi/100 120.23 ml/s Wet basis [ 601 x20.02/100]
94.50 m s Dry basis [472x120.23/100]
Gas Flow Rate Calculation Wet Basis Dry Basis
Calculated Gas Flow Rate@ID Fan Inlet Condition = 120.23 m3/s 94.50 ml/s
*Air-heater leakage 10% of Gas Flow = 12.02 mz/s 9.45 m3/5
*Furnace air leakage 10% of Gas Flow = 12.02 ma/s 9.45 m3/s
Safety Factor 20% of Gas Flow - 18.03 s 18.90 m'ls
Total Gas Flow@blower Inlet Condition = 162.31 mj/s 132.30 mJ/S ﬁ 120°C
Total Gas Flow at 25 °C = 123.08 mls 100.32 mls

* Ref': 19Bedoyaninmaiuszyumio lorh veawssn Invjasawndalid f1rin
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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 fumnace 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
Nurnber 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 ESP inlet flue gas
Ash correcting efficiency at ESP

Dust concentration at ESP outlet flue gas

5.94 wt% at dry basis
3.95 wt% at wet basis
1.00 wi% at wet basis (ﬁuqﬁlﬁ’whﬁ'uﬁﬁvj’wﬁauaumai’ (Takuma's HUZ1))
20.02 ke/s
72,065.38  kg/h [20.02x 60 x 60 ]
Fuel consurnption x [ Ash% (wet) + Unbumed loss% (wet) ]

3,567.26  kgh [72,065.38 x 3.95% + 1%) ]

60.00 wt% (TAKUMA's experience number)

Total ash amount x Fly ash ratio

2,14036 ke [3,567.26 x 60.00% |
476,288.89  m’/h (120°C) [132.30 x 60 x 60 )
361,15544 mY/h (25°C) [100.32 x 60 x 601

(Fly ash amount / Dry flue gas flow) x 1,000

593 gNm'(dy) [ 2,140.36 / 361,155.44 % 1,000 ]
592641  mg/Nm'(dry) [5.93%1,000]
1.50 wt% (TAKUMA's experience number)

Fly ash amount x Ash retaining ratio%
32.11 kg/h [2,140.36 x 1.50 % ]
Ash retaining amount per hour x 24 hour

770.53 kg/day [32.11x24]

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

213 g/Nm(dy) [(770.53/ 1.00) / 361,155.44 x 1,000 ]
213351 mg/Nm (dry) [2.13x 1,000]

806  gNm'(dry) [593+2.13]
8,059.92  mg/Nm (dry) [8.06 x 1,000]

10.00 % (TAKUMA's experience number)

Dust concentration from furnace at nomal operation x (100% - 10%)
533 gNm(dry) [593x(1-0.10)]
15.00 % (TAKUMA's experience number)
453 pNm'(dry,0,=7%) [533x(1-0.15)]
98.28 % [ From ESP Efficiency ]

Dust concentration at ESP inlet flue gas x (100% - ESP Eff%)

7779 mg/Nm (dry basis, 25°C, 1 atm 7% O,) [453x(1-9
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2.5.5 Particulate Emission at Sootblowing Period

Gravity ash correcting ratio at Boiler bank tube area 5
Dust concentration at Boiler outlet flue gas 5
Dust concentration at Boiler outlet flue gas =
Gravity ash correcting ratio at Air preheater hopper =
Dust concentration at ESP inlet 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 e

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.Sal=mann, T.Nussbaumer, Energy & Fuels 2001, 15 575-582)
3.3 Prompt NOx

NOx Production

Ref : (R.Sal=mann, T.Nussbaumer, Energy & Fuels 2001, 15 575-582)
3.4 NOx Emission

NOx Emission form Boiler =

NOx Reduction by Boiler Function as Air Staging =

Ref : Nussbaumer. T. Primary and secondary measures for Nox reduction in Biomass combustion. In Develop

Academic and Professinal : London. U.K.. 1997.
NOx Emission form Boiler =

Concentration (ppm}) =

Limited NOx =

10.00 % (TAKUMA's experience number)
Dust concentration at soot blowing period x (100% - 10%)
725 gNm'(dy) [8.06x (1-0.10)]

15.00 % (TAKUMA's experience number)
617  gNm(dry, 0,=7%) [7.25x(1-0.15)]
98.28 % [ From ESP Efficiency ]
Dust concentration at ESP inlet flue gas x (100% - ESP Eff%)

10579 mg/Nm (dry basis, 25°C, 1 atm 7% O,) [6.17x (1-98.28 %) x 1,000 ]

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

7179 mg/Nm (dry basis, 25°C, 1 atm 7% O,)
10579 mg/Nm (dry basis, 25°C, 1 atm 7% O,)

900.00 °C
20.02 kg/s
72,065.38 kgh [20.02x 60 x 60 ]
0.24 Y%by weight
25 %

(72,065.38 kg/hr x 0.24% x 25% ) x 46 / 14

142.10 kg/hr as NO,
100.32 m /s
361,15544  Nm'/h (7%, O, 25°C) [100.32 x 60x 60 ]

(NOx Kg/hr) / Flue Gas Flow Rate (Nmslh)
(142.10/361,155.44) x 10"6

393.47 mg/Nm’ as NO,

negligible (Because of Jow combustion temperature)

negligible (Because of low combustion temperature)
393.47 mg/Nm' as NO,
20 %

s in Thermochemical Biomass Conversion ; Blackie

314.78 mg/ij as NO,
24.45 x Concentration (mg/mz) / Molecular weight (NO,)
(24.45x314.78 )/ 46
167.31 ppm (7%, 0,, 2

200.00 ppm....0.K.
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4. SO, Emission Calculation

4.1 Fuel SOx
Fuel Required = 20.02 ke/s
= 72,065.38 kg/h [20.02x60x60]
S-Component in fuel = 0.051 % by weight
80, Conversion Rate = 45 %

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).

2naunsn s ingd S + 0,(i) > so,
2+ R0 64

SO, Production i (72,065.38 kg/h x 0.05% x 45% ) x 64/32

= 32.85 kg/hr
Flue Gas Flow Rate = 100.32 ms

= 36115544  Nm'h (7%, 0, 25°C) [100.32x60x60]
4.2 SOx Emission
SO, Concentration = (S0, Kg/h) / Flue Gas Flow rate (Nm /h)

= 32.85/361,155.44 x 10°6

- 96.93 mgNm

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

= (24.45%96.93) /64

= 37.03 ppm (7%, 05, 25°C)
Limited SOx as SO, = 60.00 PP 0K
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PROJECT DESIGN : 200 TPH BOILER AIR POLLUTION CONTROL
AoWaanaa :NSaE 67.96% & luder 15.30% & 18§ 14.35% & Tuthau 2.39%
u3tm Tnegasewdalih s16a

¢=i :‘1 o = o = s L7 <
ﬁﬂ'luﬂﬂ\ﬂﬂi\'iﬂ'li SMUAAIINN 9 UADAINN ﬂ\‘l‘"']ﬂ!'ﬂﬁigim
AIR POLLUTION CONTROL DESIGN CALCULATION

ELECTROSTATIC PRECIPITATORS (ESP)

1.DESIGN CONDITIONS

3
1) Total Gas Flow Rate (Q) = 162.31 m'/s

= 584.333.16 m /hr

2) Temperature of Inlet Gas (T) 120.00 °C

3
0.8888 kg/m

3) Density of Inlet Gas ( Pe )

4) Kinematic Viscosity (V) = 2564 10° ms

5) Viscosity of Inlet Gas ( 1) = 2.28E-05 kg/(m.sec)
3

6) Density of Ash (D) = 1,200.00 kg/m

2. PARTICLE SIZE DISTRIBUTION

:
o o

y d ' A aa < & y 4 A Lo St
m3nTzeviaveduazeasdinadenisidendtnsuazglnsaliferhiaduazeeniug iiesningunssludazginsilinnamnsalu
o @ 1 L@ @ Y o Y ! 4 o A 5 2 o w1y s & v
msthyadu livhiu Sifeshmsasivianisnsznevuiavesfuazess iieth lhden1dglnasithiladu uozvinavesgunsaiiug Tignees

uazaeandestumstniaduazessmumsnszneunafiins iz 18

Size Category | Midpoint
Number of Particles, n %Frequency Cum. %Frequency
(Jm) (Pm)

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 (M) of Particle
VNAYBIBYANIA (Partical Size)
Tunisesnuungilnsaldnu Foyaiid Syfigarevninavesayniaviod AnuMIEYeIvIIATEIEYNIA MINLd IdurTY

. 4 o ' ) ' . o & Ay o
(Diameter) Tunsdifioumaitiunsenay nalaoialiloymaliglsimaseds uenninnsenay daiuoymainhilimsanauinue

. - a o B A da 2
Equivalent Diameter Taeiieuny Projected Area WHVIAT U3u1as waa Eudu

=24~




' jad 4 1 o . o
Equivalent Volume Diameter (De) siuidurigudnatsvecisnauiiiiuiii1iy Projected Area vesaynin fiuan ldvinaunis

3
Equivalent Volume Diameter (De) Dc(6OL/ TC)”

Dc

Dia. Of Equal Area Circle
o = Volume Shape Factor = 0.24*%
Aerodynamic Diameter (Da) (Thudushguénaevemssnaniifinaumumiu 1 nfu de av.aw. uazlianuEianlusmmhiuveseyma

] 2 . ' ' .
i1 Acrodynamic Diameter TuogiuINAYBEYMIA 315 LazANUMUIILYEtEYMA Fna idnnaums

Aerodynamic Diameter (Da) De(pTT/ pdc)”2

Water Density = 1,000 kg/m3

pd
X = Dynamic Shape Factor = 1.11*

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

Size Category | Midsize | Number of g £ Mass Ratio
De Da n,Da; TPnDa; /6

(Wm) (Hm) Particle (n) M (%)
0-5 25 250 1.93 211 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 3.7SE-09 236E-06 100.00

4.AIR POLLUTION CONTROL SYSTEM

Above Pollutant Condition, We Selected Air Pollution Control Devices as:

1) ESP to Collect the Small Particulate from Exhaust Gas Before Flow Though Stack by Electrostatic Field.
4.1) ELECTROSTATIC PRECIPITATORS (ESP)

reanduuun ihadind hueteileilduse i lunsusneymaeenninnszuafaTaeiindnms fie Tdussq i lueynia udd
mgmﬂﬁﬁﬂszﬁﬂwﬁui’flﬂiuamu'lwﬁmﬁﬂﬂ'mgmﬂmﬁﬁjﬂméauﬁn’hmgmﬁnuuuv«'mﬁué«ﬁﬁnﬂﬂ%miﬁuﬂ’s’mﬁ'mmqaumﬂ ESP T
Uszansnmgelumadveymaduitfivunadnnd 1 lunseu Taei lufiuszangnme 99.5% wiegqend dagiiuld Esp edraumivaelums

: . : y
AuRuuaiEoMAvesTsugarmnIsuae Téud Tselh uaznideleh (Boiter) udu
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4.1.1) Design Parameters

Specific Collection Area , SCA)
Gas Velocity, u

Aspect Ratio, R

Corona Power Ratio, Pc/Q

Plate Area per Electrical Sections
a. In the Direction of Gas Flow

b.Total

Parameter Range
Drift Velocity, w, 1.0 - 10 m/min
Channel Width, D 15-40cm

0.25 - 2.1 m'A(m /min)
1.2-2.5m/s
0.5-15
175 - 17.5 W/(m /min)
460 - 7400 m’
2-8

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, 7
Plate Long, Lp
Drift Velocity, w,
Channel Width, D
Gas Velocity, u

Aspect Ratio, R

4.1.3) Number of Duct,(Nd) Duct %38 Bus Duct iflumaduliihdmsuitdiaa liihafind ihensneymaduesnsinnszuafing

Total Gas Flow Rate (Q)

Gas Velocity, u

Channel Width, D

Plate Height, A/

Choose

a a é’ 1o o 4 @ H - .
4.1.4) Number of Section, Ns 1/55AnTn1Wv04 ESP ¥ugfus$1191 Section #30 Field #1304 ESP dinuiiseenBuvaiy Bus Section #3a Field

' . . Y A o 8w a 4
Tuusiaz Bus Section 3%3] Transformer - Rectifier Set 489A2184 (Ho15Uv11A Power Supply Winingaudmiuuaazaniiznisauinseslu ESP

Aspect Ratio, R
Plate Height,

Plate Long, Lp

Nd

Nd

Ns

Ns

Ns
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11.0 m.
82 m.
8.40 m./min
30.00 cm
1.90 my/s

133

Q/uxDxH
16231 m'/s
1.90 m/s
30.00 cm
8.00 m.
162.31/(1.90 x 30.00 x 8.00)
25.89 Ducts

26.00 Ducts

RxH/Lp
1.33
11.00 m.
824 m.

(1.33x11/8.24)




= 1.78 Sections
Choose Ns = 2.00 Sections
. a A4 vood 2 9 a
4.1.5) Actual Collection Area, As A8 wummuwumuvgu (Plate) anualuanmnlgauess

As = 2xHxLpxNsxNd

As 2 x 11.00 x (8.24 x 2.00 x 26.00)

= 9,426.56 m

= o 2 da . ' e L4 ]
4.1.6) Specific Collection Area, SCA fi8 SAT1dYBIAUTAHIVBAUAHAL (Collection Plate) aasAs1Ns Inavesmaruaies ESP Tuannld
U39 e luaunis
Specific Collection Area, SCA = AQ
= 9,427/162.31 x 60
2 3.
= 0.97 m /(m /min)

(In The Range of Design Parameter)

4.1.7) Plate Area per Electrical Set = As/Ns

= 9,427/2.00
2
= 4,713.28 m
(In The Range of Design Parameter)
4.2.8) ESP Efficiency
dya o s 2 4 A ERTEXY 9
aunsTiisndnnalumsmilszdninmusunios ESP Aaunswes Matts-Ohnfield 31 Iddau1lasaunsves Deutsch Anderson Tnansld
= 31 3
il

' & ' Y
1 K Factor FNUAIANLA 0.4 - 0.6 aaansluaums

Use Matts-Ohnfeldt equation and k = 0.5

n

05
1-exp (-wed/Q)
= 0.983

. 98.28 %
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PROJECT : 200 TPH FIRING BOILER AIR POLLUTION CONTROL
1531 InagaSendalih diia
aaviinalnsans manimm suseadmn Saviamyaysel
AIR POLLUTANTS EMISSION CALCULATION FOR 200 TPH BOILER

SomaeSaananay : nNdod 56.56% & loahda 21.72% & Nidu 21.72 %

¢ A m o v g ¥
1. fl'l13‘11El4"1’5:na”“oﬂﬁﬁl“a\’ﬂa“]ﬂﬂﬁ" : N1NBBH 56.56% &1ﬂﬂ1ﬁu 21.72% &"lﬂi".l 21.72 %

1. esfdszneuiemdsresninden 2. safnlazneuitemdsvedluhin
Composition Unit Dry Wet Composition Unit Dry Wet
Carbon % 43.27 21.31 Carbon Y% 48.35 35.73
Hydrogen % 5.83 2.87 Hydrogen % 5.48 4.05
Oxygen % 47.70 23.49 Oxygen % 36.70 27.12
Nitrogen % 0.20 0.10 Nitrogen % 1.21 0.89
Sulfur % 0.05 0.03 Sulfur % 0.10 0.07
Ash % 2.95 145 Ash % 8.16 6.03
Moisture % = 50.75 Moisture % = 26.11
Total % 100.00 100.00 Total % 100.00 100.00
NCV (Net Calorific Value) = 7,531.00 NCV (Net Calorific Value) = 13,000.00
(J7kg) (kikg)
3. paflsznevdemasvedliidy
Composition Unit Dry Wet
Carbon % 48.69 29.08
Hydrogen Y 5.54 3.31
Oxygen % 38.96 23.26
Nitrogen % 0.66 0.39
Sulfur % 0.08 0.05
Ash Y% 6.07 3.63
Moisture % - 40.28
Total % 100.00 100.00
NCV (Net Calorific Value) = 10,085.00
(kJ/kg)

4. namlsznevveutamAssanay : mnded 56.56% & luihdu 21.72% & v 21.72 %

Composition Unit Dry Wet
Carbon Y% 45.55 26.13
Hydrogen Y% 5.69 3.22
Oxygen % 43.41 2423
Nitrogen % 0.52 0.33
Sulfur % 0.07 0.04
Ash % 4.76 292
Moisture % - 43.12
Total Y 100.00 100.00
NCV (Net Calorific Value) = 9,273.60 kl/kg
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2.Biomass fuel combustion system

Reactants | Products
Fuel C,HySNyOA —>
] Combustion Chamber —> €O, H,0,N; SO,
Air 0, +3.76N;, —>

On mass basis
) o
2.1 mimmmmtﬁmmmmﬁmmqug

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

1) aun13m s Tusl vea Carbon C + 0,(@n) —» CO,
For Carbon = 26.13/100x(32/12) = 0.697 kg
= 69.68 kg/100 kg of fuel
2) aun1sasw Ingd ves Hydrogen 2H, + O,(a) —> 2H,0
For Hydrogen = 3.22/100x(16/2) = 0.258 kg
= 25.77 kg/100 kg of fuel
3) aun15ie Tna U89 Sulphur S + 0,ai) —> SO,
For Sulphur = 0.04/100x(32/32) = 0.0004 kg
= 0.04 kg/100 kg of fuel
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
% by mass Molecular Weight
kmol kmol O,/kmol | kmol O, required kg O, required
El position (kg/kmol)
m 121 31 = 11/ 12 Ml I51=31x[4] [61 = [5] x M.W.%04 O,
C 26.13 12 2.177 1.00 2,177 69.68
H 3.22 2 1.611 0.50 0.805 25717
o 24.23 32 0.757 -1.00 -0.757 -24.23
N 0.33 28 0.012 0.00 0.000 0.00
S 0.04 32 0.001 1.00 0.001 0.04
Ash 292
Moisture 43.12 18 2.396 0.00 0.000 0.00
Total 100.00 6.955 2.227 71.27

Remarks - Yoyt nnnramsinseosdilsznouvoatomaseinioajians
~Fimsdnnalunseineldail
[1]  Percent by mass Sinswd Idvneuliiants
[4]  kmol Oykmol fuaTdeIn
C + 0,y —> CO,
2H, + 0, —> 20,0
S + 0,(ai) —» SO,
[5] kmol O, required = for complete combustion §30 [4]
[6] kg O, required = [5]x M.W.493 0,
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2.2 Compute the weight of air required for complete combustion

(umafiuan [1])
O,required=  (2.227x32)=71.27

N, required =

(79x2.227/21)x28=234.59

[mndadulaodsinas 0,: N, lueima =

0, TRnnpisa 2.1 Compute the weight of oxygen required per 100 kg of fuel : kol O, required

kmol

(305.86 /100 )

Kenol Molecular Weight ke/100 kg,
Data (kg/kmol)
u1] 121 Bl=mx 2]
0, required 2.227 32 71.27
N, required 8.378 28 234.59
Total 305.86
Remarks
[1] kmol
N, WWonesilszneuvessmeidl faluTasou 79% Sedninnidh
kmol 483 N,= (79x2.227/21)=8378
Theoretical Air Mass B 3.06
Theoretical Air Volume = 2.37

P

(Fwnn v=mp:p

winiFoumsuiuns 1¥aums

Theoretical Air Volume (A,)

(3.918/1.293)

a o 3
AUUYN 0°C AMWAU 1 UTIEINIA p=1.293 kg/m

8.89x C+26.7x(H-0/8)+3.33x8S

kg-air / kg-fuel

3
m /kg

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

A, = ((8.89 x 26.13%) + (26.7 x 3.22% - (24.23% /8 )}+(3.3 x 0.04%))/100)
= 232 mkg e+ Fafoldladfva3Ensfuutedu
2.3 Compute the weight of the products of combustion
kg-Oxygen /
% by mass composition Nitrogen Products kg Products (Wet)
Fuel Composition 100kg,
111 121 Bl 141 1] (uminuin [51)
C 26.13 69.68 Co, 95.81 (26.13 x (((32 x 1.00)+12)/12))
H 3.22 25.77 H,0 (from H,) 29.00 (3.22 x (((32 x 0.50)+2)/2))
24.23 -24.23 0, 0.00
N from Fuel 0.33 N, 0.33
N from Air 234.59 N, 234.59
S 0.04 0.04 SO, 0.09 0.04 x (((32 x 0.00}+0)/0))
Moisture 43.12 0.00 H,0 (Moisture) 43.12 (43.12 x (((32 x 0.00)+18)/18))
Total 402.94
2.4 Convert the Flue-gas weight to volume
2.4.1 Normal Operation
Gas Temperature@ ID Fan Inlet Condition 120 °C
Excess Air 30 %
Paanarvotuda 1 Tua # 0 °C A 1 ussenme 224 L (8189 : anzufaaauAf (Ideal gas) , Avogadro's Hypothesis)
Molecular Weight Volume (ms) Volume (ms) @ Volume (mg) @ Dry flue
Product kg mole (n) %Gas by vol (Dry basis)
(g/mol) @ 0°C Wet flue gas 120°C gas 120°C
[5]1=[4] x (51 (liisaw H,0 (H,) uag
[1] [21 [B]1=01/[2] |[41=[3]x224 [6]=([5]/443.02) x 100
((273+120)/(273+0)) H,0 (Moisture))
co, 95.81 44 2.18 48.78 70.22 70.22 15.85
H,0 (H,) 29.00 18 1.61 36.08 51.95
N, 234.59 28 8.38 187.67 270.17 270.17 60.98
H,0 (Moisture) 43.12 18 2.40 53.67 77.25
SO, 0.09 64 0.00 0.03 0.04 0.04
0, (Excess Air) 21.38 32 0.67 14.97 21.55 21.55
N, (Excess Air) 70.38 28 2.51 56.30 81.05 81.05
Total 494.37 397.50 572.22 443.02
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Remarks eimumﬂﬁma{mnnﬁu'lﬁ'"af:
[1] kg Product

1) CO, ilm'lfalll,a'lﬁil‘lﬂﬁﬁ 149 2.3 Compute the weight of the products of combustion : kg Product 483 Carbon
2) H,0(H,) mnﬂaga"lﬁmnmﬂa 2.3 Compute the weight of the products of combustion : kg Product 484 Hydrogen
3)N, fl’aqa"lﬁ’mnmiu 2.3 Compute the weight of the products of combustion : Nitrogen
4) H,0 (Moisture) ‘l’l‘m;!ﬁ Tdanmisa 2.3 Compute the weight of the products of combustion : kg Product Y83 Moisture
5) S0, ﬂaga'lﬁmnmm 2.3 Compute the weight of the products of combustion : kg Product ¥84 Sulfur
6) O, (Excess Air) flann 0, f#idealdlun lm"lmi’mquua mnmiﬁ?; 2.2 Compute the weight of air required for complete combustion x 30% (Excess Air)

6) N, (Excess Air) flom N, ﬁﬁ'ﬂﬂﬂumilﬂﬂnﬁmquya 21AA1314 2.2 Compute the weight of air required for complete combustion x 30% (Excess Air)

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

[3] 97U mole (n) = mass (kg) / Molecular Weight

[4] 13317590401 0°C latm

[5] 1BAsuete NI 120°C

(61 %Gas by vol (Dry Basis) fie 1o 13 ua lamfSinasveaufn TooliRamanudu (Dry basis)

Gvol = 572.22 m3/100kg fuel wet basis ﬁ 120°C
= 443.02 m’7100kg fuel dry basis (70.22 + 270.17 + 0.04 +21.55 + 81.05)
Flue gas density = 0.864 kgm:‘ wet basis (494.37/572.22)

Fuel Required and Gas Flow Rate

Parameter Symbol Calculation Value Unit
Steam Temp. Generate Tout Specification 400.00 Lo
Steam Pressure generate Pout Specification 45.00 barg
Steam Enthalpy hout Steamn Table 3,203.75 kJ/kg
Feedwater Temp Tfw Measured Data 105.00 °C
Feedwater Enthalpy hfw Steam Table 443.45 kl/kg
Ash in fuel a Data 2.92 % @nmadnsziealjifanin)
Fuel NCV (wet basis) NCV Biomass Data 9,273.60 kl/kg
%Unburn loss in Carbon Yc Ref : Data 1.00 %

} ) s 1 4 a I3 A
%Unburn loss in Carbon fi® MTINT Indf 'Luﬁuysm FUAAMTUDUWANN QD (Unburned carbon)

) 4 5 a = o a o &4 o
Ref: ﬂ”ﬂﬂ77!w”ﬂ75ﬁvlﬂﬂ7wrf! 7ﬂﬁ7y7u7ﬁ‘uu7ﬁlﬁﬂﬂ7ﬂ (VSPP), ﬂillTf\]\””@ﬂﬁ"]"ﬂff”.wuwﬂqu 1 5UNAN 2567

Boiler Capacity TPH Specification 200.00 T/H

Boiler kW Qin TPH*(hout-hfw) | 153,349.74 kW [ (200 x 1,000/60/60) x (3,204-443) ]

Boiler Efficiency eff Data 89.00 Design data (‘i’l'ﬂl;l,ainﬂﬁwaﬂ)

Fuel Required mf Qir/eft/NCV 18.58 kg/s [153,350/0.89/9,274 ]

Calculated Gas Flow Rate@ID Fan Inlet Condition Gvol*mf/100 106.32 ml/s Wet basis [572x18.58/100]

Gas Flow Rate Calculation (Wet basis)

Calculated Gas Flow Rate@ID Fan Inlet Condition = 106.32 m/s
*Air-heater leakage 10% of Gas Flow = 10.63 mz/s
*Fumnace air leakage 10% of Gas Flow = 10.63 ml/s
Safety Factor 20% of Gas Flow = 21.26 m]/s
Total Gas Flow@blower Inlet Condition . 148.85 ml/s

"
* Ref : §nBedoyaninmsidussyynie lo1h voswen ejeFowde iih f1ia

2.4.2 Base on 7% O,
Flue Gas Temperature 120 °C
Excess Air 50 %

s ; ; ; ;
(nAsIneus AR AT 30% Fuiilu 50% e W ldan 1z 7% 0, awdedmuaiiion1aA1 Emissions)

Wiumsvesuia 1 Tua 710 °C ANUAU 1 USTNIA 224 L (81989 : anMsuATaAURR (Ideal gas) , Avogadro's Hypothesis)
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Molecular Weight Volume (mJ) Volume (mz) @ Volume (m’) @ Dry flue
Product kg mole (n) %Gas by vol (Dry basis)
(g/mol) @0°C Wet flue gas 120°C gas 120°C
[5]=[4] x {51 (lisaw H,0 (H,) uag
[1] [2] B1=(11/[2] |41=[31x224 [6]=([5]/511.42)x 100
((273+120)/(273+0)) H,0 (Moisture))
Co, 95.81 44 2.18 48.78 70.22 70.22 13.73
H,0 (H,) 29.00 18 1.61 36.08 51.95
N, 234.59 28 8.38 187.67 270.17 270.17 52.83
H,0 (Moisture} 43,12 18 2.40 53.67 77.25
SO, 0.09 64 0.00 0.03 0.04 0.04 0.01
O, (Excess Air) 35.63 32 1.11 24.94 3591 3591 7.02
N, (Excess Air) 117.30 28 4.19 93.84 135.08 135.08 26.41
Total 555.54 640.62 511.42 100.00
Remark  ©3U0WITTHIABSA19 AMATSIT 2.4.1 Normal Operation
Gol - 64062  m’/100kg fuel wetbasis 120°C
= 511.42 mz/lookg fuel dry basis (70.22+270.17+0.04+35.91+135.08)
= 38779 Nm/l00kgfudl  dybasis  #25eC
Flue gas density = 0.867 ](g/mJ wet basis (555.54 / 640.62)
Fuel Required and Gas Flow Rate
Parameter Symbol Calculation Value Unit
Steam Temp. Generate Tout Specification 400.00 @
Steam Pressure generate Pout Specification 45.00 barg
Steam Enthalpy hout Steam Table 3,203.75 kl/kg
Feedwater Temp Tfw Measured Data 105.00 °C
Feedwater Enthalpy hfw Steam Table 44345 kJ/kg
Ash in fuel a Data 2.92 %
Fuel NCV (wet basis) NCV Biomass Data 9,273.60 kl/kg
%Unburn loss in Carbon Yoc Ref: Data 1.00 %
Boiler Capacity TPH Specification 200.00 T/H
Boiler kW Qin TPH*(hout-hfw) | 153,349.74 kW (200 x 1,000/60/60) x (3,204-443))
Boiler Efficiency eff Data 89.00 (Design data)
Fuel Required mf Qin/eff/NCV 18.58 kgls (153,350/0.89/9,274)
Calculated Gas Flow Rate@ID Fan Inlet Condition Gvol*mf/100 119.03 mz/S Wet basis [641x18.58/100]
95.02 mls Dry basis [511x119.03/1001]
Gas Flow Rate Calculation Wet Basis Dry Basis
Calculated Gas Flow Rate@ID Fan Inlet Condition = 119.03 ml/s 95.02 m3/s
*Air-heater leakage 10% of Gas Flow = 11.90 mz/s 9.50 m3/s
*Fumace air leakage 10% of Gas Flow = 11.90 ml/s 9.50 m3/s
Safety Factor 20% of Gas Flow = 23.81 mj/s 19.00 mlls
Total Gas Flow@blower Inlet Condition = 166.64 ms 133.03 m’ls ﬁ 120°C
Total Gas Flow at 25 °C = 126.36 mls 100.87 ms

:
* Ref : $ndedoyannmmduszunde Terh veerSn InejaSewda i fida
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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 ESP inlet flue gas
Ash correcting efficiency at ESP

Dust concentration at ESP outlet flue gas

4.76 wit% at dry basis

2.92 wt% at wet basis
1.00 wt% at wet basis (ﬂm..lﬁ'lﬁ'wiﬁuﬁﬁﬁwﬁﬂnamaai' (Takuma's Hu211))
1858  keis

66,887.87 kgh [18.58 x 60 x 60

Fuel consumption x [ Ash% (wet) + Unbumed loss% (wet) ]

2,620.85 kgh [ 66,887.87 x 2.92% + 1%) ]

60.00 wt% (TAKUMA's experience number)

Total ash amount x Fly ash ratio

157251  kgh [2,620.85 x 60.00% ]
478,908.03  m’/h (120°C) [133.03x60x60]
363,14146  m/h (25°C) [100.87 x60x 60]

(Fly ash amount / Dry flue gas flow) x 1,000

433 gNm'(dry) [1,572.51/363,141.46 x 1,000 ]
433029 mg/Nm (dry) [4.33x 1,000]
1.50 wt% (TAKUMA's experience number)

Fly ash amount x Ash retaining ratio%
23.59 kg/h [1,572.51x1.50 %]
Ash retaining amount per hour x 24 hour

566.10  ke/day [23.59% 241

2.00 times/day
0.50 hour/time
1.00 hour/day [050x2]

Ash retaining amount per day x Soot blowing time / Dry flue gas flow x 1,000

156 gNm'(dy) [ (566.10 / 1.00) / 363,141.46 x 1,000 ]
155891  mg/Nm'(dry) [1.56x 1,000]

580 g/Nm(dry) [433+156]
5889.20  mg/Nm (dry) [5.89x 1,000 ]

10.00 % (TAKUMA's experience number}

Dust concentration from furnace at nornal operation x (100% - 10%)
3.90 @/Nm (dry) [433x(1-0.10)]
15.00 % (TAKUMA's experience number)
331 gNm'(dy, 0,=7%) [3.90x(1-0.15)]
97.69 % [ From ESP Efficiency ]

Dust concentration at ESP inlet flue gas x (100% - ESP Eff%)

76.40 mgleg(dry basis, 25°C, 1 atm 7% O,) [3.31x(
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2.5.5 Particulate Emission at Sootblowing Period

Gravity ash correcting ratio at Boiler bark tube area =
Dust concentration at Boiler outlet flue gas .
Dust concentration at Boiler outlet flue gas S
Gravity ash correcting ratio at Air preheater hopper =
Dust concentration at ESP inlet 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.Sal=mann, 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)
3.3 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 =

10.00

% (TAKUMA's experience number)

Dust concentration at soot blowing period x (100% - 10%)

5.30

15.00

4.51

97.69

g/Nmz(d.!y) [5.89x(1-0.10)]

% (TAKUMA's experience number)
¢/Nm'(dry, 0,=7%) [5.30x(1-0.15))

% [ From ESP Efficiency ]

Dust concentration at ESP inlet flue gas x (100% - ESP Eff%)

103.91  mg/Nm (dry basis, 25°C, 1 atm 7% O,) [4.51% (1-97.69 %) x 1,000 ]
12000  mg/Nm (dry basis, 25°C, 1 atm 7% O,)
3
7640  mgNm'(dry basis, 25°C, 1 atm 7% O;)
10391 mg/Nm (dry basis, 25°C, 1 atm 7% O,)

900.00 °C
18.58 ke/s
66,887.87 kg/h [18.58x60x 601
0.33 %by weight
25 %

(66,887.87 kg/hr x 0.33% x 25% ) x 46 / 14

180.15 kg/hr as NO,
100.87 mis
363,14146  Nm'/h (7%, Oy, 25°C) [ 100.87 x 60 x 60 ]

(NOx Kg/hr) / Flue Gas Flow Rate (Nm'/h)
(180,15 / 363,141.46) x 10°6

k]
496.09 mg/Nm as NO,
negligible (Because of low combustion temperature)
negligible (Because of low combustion temperature)
496.09 me/Nm’ as NO,
30 %

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 =

345.28 mg/Nm] as NO,
24,45 x Concentration (mg/mz) / Molecular weight (NO,)
(24.45x345.28)/46

183.52 (7%, 0,, 25

ppm

200.00 ppm ....0.K,
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4. SO, Emission Calculation

4.1 Fuel SOx
Fuel Required = 18.58 kg/s
= 66,887.87 kg/h [18.58 x 60 x 60 ]
S-Component in fuel = 0.043 % by weight
S0, Conversion Rate - 45 %

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

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

vndumsnze sl S + 0,(ain) > S0,
2+ 32 64

S0, Production = (66,887.87 kg/h x 0.04% x 45% ) x 64/32

= 25.90 kg/hr
Flue Gas Flow Rate N 100.87 s

= 36314146 Nm/h (7%, O, 25°C) [ 100.87 x 60 x 60 ]
4.2 SOx Emission
SO, Concentration = (S0, Kg/h) / Flue Gas Flow rate (Nm /h)

= 25.90 / 363,141.46 X 106

= 76.01 mg/Nm’

Concentration (ppm) - 24.45 x Concentration (mg/mz) / Molecular weight (SO,)

= (24.45x76.01)/ 64

= 29.04 ppm (1%, 0,,25°C)
Limited SOx as SO, = 60.00 ppm ....0.K.
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PROJECT DESIGN : 200 TPH BOILER AIR POLLUTION CONTROL
WamasTianay : Mndon 56.56% & luahaw 21.72% & & 21.72 %
v3tin InejaTewmdalvih d1ia

d' :’.l o = o = ¥ v 4
AoUNRIIATINT ADanS MW duasamw danTaw Tyl
AIR POLLUTION CONTROL DESIGN CALCULATION

ELECTROSTATIC PRECIPITATORS (ESP)

1.DESIGN CONDITIONS

166.64 m'/s

1) Total Gas Flow Rate (Q)

599,895.92 m /hr

2) Temperature of Inlet Gas (T) - 120.00 °C

3) Density of Inlet Gas ( P, ) = 0.8888 kg/m3

4) Kinematic Viscosity (V) = 25.64 10-6 mzls
5) Viscosity of Inlet Gas ( JL) = 2.28E-05 kg/(m.sec)

3
1,200.00 kg/m

6) Density of Ash (D)

2. PARTICLE SIZE DISTRIBUTION

. a 3 P ¢ A o w g & P e
minixmwmmlmcﬁuaxaawwaﬂamimamﬁnﬁuazqﬂnstumamum!ua:amuuq LU innqﬂnimtmazqﬂnituummmmmiu
¥

o @ oW o 1Y y 4 o J o o
nsthiiad i Ssdeshniansasiamansznsuuiavesiuazess itethluidendgunsaihiiadu uazvwavesgunsaiiiug gndes

uazdeandesiumathiinduazessmumsnsznennaiiing s 1a

Size Category | Midpoint
Number of Particles, n %Frequency Cum. %Frequency
(Um) (Wm)

0-5 25 250 13.52 13.52
5-10 7.5 463 25.04 38.56
10-20 15 419 22.66 61.22
20-70 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 (M) of Particle
VUINVBIBYNIA (Partical Size)

o o 3

Tumseenuurninssidndu deyaiiddyiigaievuiaveseymaniedi AnuvLIsBIULIAYBIBYNIA e dusu

$ d ' & ' | v ¥ dy 1g 1 o
(Diameter) lunsfileymaithmssnan uaTania lleymalizUsramaivedie uenninnsenan dniueymai hilimsanaudinue

. . . ) X da o
Equivalent Diameter 1agiflonfiy Projected Area WY USuas wan 1iudu
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; 9 (IR ;
Equivalent Volume Diameter (De) ifusduiguenaevearsnauilituiiniy Projected Area vosoynia fiuanldvinaums

De(6L/ )"

Equivalent Volume Diameter (De)

Dc Dia. Of Equal Area Circle
a = Volume Shape Factor = 0.24*
Aerodynamic Diameter (Da) L?Jul,t’f'uvhgrutfnmwmmqnauﬁﬁmwwmuﬂu 1 n¥u Ae av.a. tagianuSianlueimaiduveseymia
fi1 Aerodynamic Diameter ﬁuﬂgjﬁuwmmmaumﬂ s uagarumuminveseyma dutnldninaums

De(PTL/ Pdc)

Aerodynamic Diameter (Da)

pd Water Density = 1,000 kg/m3

X = Dynamic Shape Factor = 1.11*

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

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

({m) (Hlm) 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 44343 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) ESP to Collect the Small Particulate from Exhaust Gas Before Flow Though Stack by Electrostatic Field.
4.1) ELECTROSTATIC PRECIPITATORS (ESP)

intessnduuuy Iiadad Sunfesdofidus i lumsusneymasenannsziafaTasiindnns fe Tavszy i lueymn udru
m,gmﬂﬁﬁﬂszﬂﬂﬁuﬁ?’f’lﬂiuﬁmu"lwﬁmaﬂffatgmﬂmé1ﬁﬂ:méauﬁtiﬁmgnLﬁuUuuviulﬁuédﬁﬁ'nE‘J"lvlﬁm‘i\aﬁ'uﬂ’l'mﬁ'wmaqmﬂ ESP
Jszaninmgalumsifveymaduiifvnadnnd 1 Tunseu Taialulsz@niamila 99.5% viegendr Tagiuld Esp adhauninalums

- ; : 2
muguuaRiseInevesTssugaamassude Tdun Tselih uazslelown Boiten) s
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4.1.1) Design Parameters

Specific Collection Area , SC4)
Gas Velocity, u

Aspect Ratio, R

Corona Power Ratio, Pc/Q

Plate Area per Electrical Sections
a. In the Direction of Gas Flow

b.Total

Parameter Range
Drift Velocity, w, 1.0 - 10 m/min
Channel Width, D 15-40 cm

1 - 10 bus sections/(1,000 m,/min)

0.25 - 2.1 m /(m /min)
1.2-2.5m/s
05-15

B e
1.75 - 17.5 W/(m /min)
460 - 7400 m’

2-8

Ref. : C.David Cooper and F.C. Alley, Air Pollution Control : A design Approach, Waveland Press, Inc., 1 990.

4.1.2) Design Parameters
Plate Height,
Plate Long, Lp
Drift Velocity, w,

Channel Width, D

Gas Velocity, u

Aspect Ratio, R

1.0 m.
8.2 m.
7.70 m./min
30.00 cm
1.90 m/s

1.33

4.13) Number of Duct,(Nd) Duct w0 Bus Duct iflumafuliidwiui e whadad ineusneymaduesnannssuafi

Nd
Total Gas Flow Rate (Q)
Gas Velocity, u
Channel Width, D
Plate Height, H
Nd
Choose Ns

Q/uxDxH

166.64 m'/s
1.90 m/s
30.00 cm

8.00 m.

166.64 / (1.90 x 30.00 x 8.00)

26.58 Ducts

27.00 Ducts

o a T 4 o
4.1.4) Number of Section, Ns 152 ANTAMNUDI ESP ¥08nNU1UIU Section ‘Haﬁa Field Lﬂdim ESP :Jnumaamfﬂuﬁmﬂ Bus Section ‘H%E] Field

TuliAaz Bus Section 924 Transformer - Rectifier Set Y842184 1ip1/5UvU1A Power Supply TWiminzaudmiuuaazanizmstauaioalu ESP

Ns
Aspect Ratio, R
Plate Height,
Plate Long, Lp

Ns

[}
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(1.33x11/8.24)

RxH/Lp

1.33
11.00 m.

8.24 m.




= 1.78 Sections
Choose Ns = 2.00 Sections
. a X4 = 1 9 a
4.1.5) Actual Collection Area, As fio WuTvaALALAY (Plate) vienua Tuamnldauni

As = 2xHxLpxNsxNd

As 2x 11.00 x (8.24 x 2.00 x 27.00)

= 9,789.12 m

A .h 2 . i e s 3 .
4.1.6) Specific Collection Area, SCA i Sns 1AMV RUTRIVUHUAL (Collection Plate) Ao8A3 13 InavesmaruinTas ESP Tuanwld
NS aaead luauns
Specific Collection Area, SCA = A/Q
= 9,789/ 166.64 x 60
23 .
= 0.98 m /(m /min)

(In The Range of Design Parameter)

4.1.7) Plate Area per Electrical Set = As/Ns
= 9,789 /2.00
2
= 4,894.56 m
(In The Range of Design Parameter)
4.2.8) ESP Efficiency

o

dv a a A A A yvo v
aunsiZsntumnnlunsvilseaAnsnnaesied ESP Aoaun1sues Matts-Ohnfield 34 14@AL1A381A15489 Deutsch Anderson 1agn13 14

e

ee

' 2 ' ' o
#1 K Factor GalAAALA 0.4 - 0.6 AadA lUauN1S

3

Use Matts-Ohnfeldt equation and k = 0.5

n

1-exp (-weA/Q)O's

= 0.977

= 97.69 %
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