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SAWITREE PRAPAKARN : COMBINED ENERGY AND ACTIVATED
CARBON PRODUCTION USING GASIFICATION PROCESS. THESIS

ADVISOR : ASST. PROF. WEERACHAI ARJHARN, Ph.D., 92 PP.

ACTIVATED CARBON/COCONUT SHELL/ENERGY/GASIFICATION/STEAM

This study aims to investigate the combined energy and activated carbon
production from coconut shell using gasification process. The proper conditions for
supplying steam were conducted in order to stimulate charcoal to be activated charcoal
without affecting electricity generation, and the syngas flow rate that provides the
highest power of electricity generation and iodine number. For pilot scale (100 kW) and
commercial scale (250 kW) gasification experiment, it was found that 0.5 bar of
pressurized steam is appropriate for combined power and activated carbon production
since it did not decrease the electric power in the production system. Moreover, it could
add more value of iodine number to the charcoal. Pilot scale gasification process can
produce 65.50 kW of electricity at the maximum syngas flow rate of 192,50 Nm?/h;
specific biomass consumption of 1.88 kg/k W, steam/biomass of 0. 10 kgsieam/ Kgbiomass;
charcoal production rate of 9.87 kg/h; cold - gas efficiency of 45.56 %; electrical
efficiency of 10.30 %: iodine number of 600.00 mgl/g. However, commercial scale
gasification process can produce 160. 10 kW of electricity at the maximum syngas flow
rate of 502.50 Nnr*/h; specific biomass consumption of 1.25 kg/kW; steam/biomass of
0,20 kgsican’ Kghiomass, charcoal production rate of 10.05 kg/h; cold - gas efficiency of
64.88 % electrical efficiency of 15.54 %; iodine number of 824.09 mgly/g; and micropore

volume of 82 %. Therefore, it is proper for use as gas and vapor absorption.




These results indicated that combined energy and activated carbon production

from coconut shell, which is waste from the production, is a good method to show
resource and energy efficiency as well as alternative energy development for decreasing
number of energy imports. Also, it helps making the best of industry with clean

technology.
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s 4 a a a a ] {
Hiagilszasdvesmsanbuite Ysziiuilsz@ninmmseaaunddiuia Taeezlddoyan1d

v A

namMsnaassnfuln Iasl¥nnudusius Ao (Arharn et al, 2012; 2013)

Rate of Energy Carried by Syngas

Cold - gas Efficiency =
Rate of Energy Supplied to Reactor

Neg= sk (3.1)
9 myjo XLHVy
iilo
v, Ao Flow Rate of Syngas (Nm’/h)
CV, Ao Calorific Value of Syngas (MJ/m’)
my; Ao Fuel Consumption (kg/h)

—
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Low Heating Value of Fuel (MJ/kg)
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3.4.1.10 MsfSeunevanssouL Y09z U
MM sSe eV aussa U Y0952 U Y (Operation Performance) 9

Y
M ldnindeyavesaniizmsnaaeiaie Taunmsmssuiu asae lil

oM FFRINAISUWE (Specific Biomass Consumption)

Fuel Consumption Rate

Specific Biomass Consumption = 3.2)
Power Output

d Jd
1oSIFuANI A9 (Charcoal Removal )

Charcoal Production Rate

Charcoal Removal = x 100 (3.3)
Fuel Consumption Rate

ons1aIU1911Ma1I3a ( Steam/Biomass; S/B )

Steam Flow Rate
S/B = (3.4)
Fuel Consumption Rate

% &’ a v
NAMNHAIINMYANANVITEUY (Energy Input)

Energy Input = LHV_, * my (3.5)

—
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<
=3
o
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@

Low Heating Value of Fuel (MJ/kg)

Q) Fuel Consumption (kg/h)

=
o
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NEINHINUAETFINIABONITZUY (Energy Output)

De
=he

3.4.2

Energy Output= CV, x V, (3.6)
v, Ao Flow Rate of Syngas (Nm’/h)
CcVv Ao Calorific Value of Syngas (MJ/m’)

3.4.1.11 Yszansmnmsnan il (Electrical Efficiency)

mymlszansammmspan Wih1¥anuduiug (Agham et al, 2012)

Energy equivalent of Electrical Power

Electrical Efficiency (I),,)=
Rate of Energy Supplied to Reactor

36, -
o my; XLHV ‘

P, Ao Electrical Power (kW)
my;, AD  Fuel Consumption (kg/h)
LHV,,, Ao Low Heating Value of Fuel (MJ/kg)
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WYy o ~ a g 2 gva X
ToTewaald 1atimiin 3.5667 g ouiigaingil 103 - 105 °C 1Huran 2 h neldiduluTagannuiu
v o ’o‘ & <3 { a a a
noui Tdazaeluindu 100 em’ udadean 1R 1d15uas 1 L nulluvaaniichilaiinda
Y ' Y '
1.5 sazaeviudls Faudlaniin 0.1 + 0.5 g wauAUIAEY 100 em’ Auauld

Y 1 (Slll o
fsazaelduazniuaasanal (mu‘i’ﬂqmim%ﬂﬂmnﬂmmm”mmam)

2. nﬁmmmn%’u%’uﬁuﬂuammmmzmﬂ
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4 ] a a
loTolad (K1) 2.00 + 0.01 g as'liverlHazare wunsalalasnasindudu Sevay 37 Tay
¥ Y 3 ¥ 9 A g a a 4 o
1W111in 5 em’ voaaisazatonndle acl 2 - 3 vea eflusuames 31Uy lnmsan
Aanuuduiiueualsasazate Isaon s Todamla (Na,8,0,.5H,0) Tnnsaandmaes

ala'ling
NI = (PIxR)/S (n9)

e N1 = anududuvesasazare lx@ey s lasana, N
Pl = Suesvesansazans Inunamenle Towa, mL
Y 9 =~
R = anuvuduvesssazais Inunadey le Towa, N

s = 15uasvesmsazarelafeyls Tedama, mL

2.2 anuutuvedasazats 1o ToAu

YulaesazareloTedulfuns 25 cm’ ldluvragilsuuuia 250 cm’ 1da

=

Y = o A 9 Y A v Y A
"l;nmmmﬂfmazawimﬂﬂm"lﬁTammwwmmmmmu UU mmuaui}u"lﬂmiazmﬂma

[ %’ 4 I~ a a 4 [
090U neaa1sazatouinils aalyl 2 -3 vea edlududmmosudr Inmsaneau'1d

Y ]
msazanelaluid mniudnamanududunudueu Tag

N2 =(SxNI)/I (n10)
130 N2 =  anuuduveimsazasle Tedu, N
s = fSmesvesansazarelw@enls lasama, mL

NI

ANuTuIuvesasazats Ty@en 15 lodama, N

I = 15uasvesasazarsleledy, mL
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ada 4
2.3 ITUATIEH
[ @ 1 Y = 9 1
2.3.1 VALAZAAVUIAAIBE19 1 azDeA eI 325 1%

a

2.3.2 pudandeiigungil 103 - 105 °C 1Wunatedados 3 h udrnlaeslw

< X
wululagannury
q'z v =4 g 9 @ 1 1 1 3 d‘d
2.3.3 Faaziunmimindledisla luviagdsunvuia 250 cm’ Niieh
a o %’ o % [} 1 1 @ [} A Iy Y Yy 9 = [ Y]
Yo @Faimiinuediod1e 3 Maeal9619 e 19 Iamanududuvesle Toaundinisgad
Toen1 MUK 1NN 0.02 N)
A a Yy 9 v ¥ o
234 uaisazatgnialalasnaosnanuEuduiosas 5 Tagiimiin 10

3 ' A Qg9 1 o oo 2 \ vy ¥ 9 qua A
cm AN ANUIAUUIG !‘WE’JG]J’TFN’DTHﬂNNu@ﬂﬂﬁ?uﬁNﬂ?ﬂﬁ?ia$a18 Nnduan1vinen 30 s IND

@ 28 2

o F) [ 14 a ' v Y ¥ya A a gy
i uazgamoseonniniivesnunuiuaaing 3 1dsungurgiives

235 uasazatgle TeAua1uduau 0.1000 + 0.001 N 100 cm’ Uaeh
LNILT99 30 s

1 [ o 4 [ 4
2.3.6 NTOIENOIUANTUAIINAITALAIBAIENTLATHNITBITAA Y
4

(Whatman) 1U99 42

2.3.7 Yulaasazate 50 em’ laasluvaagilyuyvina 250 em’

238 InmsadreaisazarelyfenlsTosama 0.1 NaunseNg

d' 3 =1 A 1 %’ Y 3 a a I'4 1 <

msazarenasutludimacsesureaii uile 2 -3 vea Wududmaes Inmsansnszna
msazaelaluid unnlSuasesazars Twdey 15 Tosamanld (S)

2.3.9 Muamanududuvesasazaie lo Toauimae (C) Tag
C=NI/(50xS) (n11)
2.3.10 frnmmmsgadi leTeAudeniuaiu (X/M) 310
X/M (mg/g) = (4 - [DF x B x S])/M (N12)

e A=12693N2

B =126.93N1
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DF = dilution factor
For example, if 25 mL of HCl and 50 mL of filtrate are used:

DF = (100+25)/50 =2.5

o 4 1 1 o J o
23.11 afunslanuduiusszninainisgadyle TeAudaensy
1 Y Yy 9 = @ o Y < Y
ﬂTL!ﬂ‘Uﬂ?ﬁJLﬂlhﬂluﬂlﬂﬂﬁﬁﬁ%ﬁ']ﬂulﬂi’ﬂﬂuwa\‘]ﬂﬁﬂﬂ“ﬁ‘uEﬂgulﬂﬂ'ﬂvl!ﬂulﬁuﬁﬁ\i
o 1 @ 1 @ 9 4
2.3.12 ﬂ11!’)ﬂlﬂ1ﬂ’]1llﬁ1ll1iﬂ1uﬂ15ﬂﬂ%ﬂﬂl@ﬁﬂ1uﬂwuu§lﬂﬁfl

o oA Yy 9 a A A Vo
mtmummmmmmumﬁagmﬂ"l,’eﬂa@umwa@wnﬂn 0.02N
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