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Water hyacinths as a resource of energy production instead of worthless
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Abstract
This research aimed to investigate water hyacinths in LatKrabang canals,
Bangkok. A lot of Water Hyacinths are ‘growing up in 34 canals. This research was formulated
as a model of biomass (water hyacinths). The water hyacinths gave very low the heating
values (10.9 MJ / kg) hence it was mixed with rice husk. The cofiring (water hyacinths mixed
with rice husk) was burned in conical swirling fluidized bed combustor. This research was
utilized as drying, electricity generation etc.

The water hyacinths were reduced the moisture (10-15% moisturecontent), quartz
sand of 600-850 micrometer, static bed height of 20 cm. and the air annular spiral distributer
with 76 degrees to vertical axis. For all of tests, the feed rate was fixed at 50 kg/hr for
variable excess air (of 20, 40, 60, 80%). Axial temperature, radial temperature, CO and NO
concentrations inside the combustorand the emission at cyclone outlet were investigated.

As the results, the average temperature of the combustor about 700 °C ,the CO and
NO  concentrations were found in stable level (in" 100-200° ppm and 200-300 ppm
respectively). Increasing the excess-air found reduction of emission and the temperature of
the exhaust gases from cyclone about 400 °C. This exhaust gases will be valuable, such as

heat recovery.
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® Bubbling Fluidized bed combustor, BFBC
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® \ortexing fluidized bed combustor
< o '
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JUT 2.7 WU Conical swirling fluidized bed [4]
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Fig. 3. TGA/DTA curves of rice husk ash fired to various temperarure regumes
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uag anunsanuuisemsameiives CO melumvigdaladiunle suaunsi 4.5, 4.6
2CO+ 02 - ZCO2 (4.5)

CO +OH - CO, (4.6)
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80%
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| a da ' a
4.4.4 wanszvuveseMAduiuniinasianisiia NO a1elunnSFBC
P o s n’:r ' = 2l o
Wasnmswnindluszuugdaladiuniuazlianunsaniuaulinnaeinianagyinly
Y oo w ' o a v 4 qva volas £ &4 o &
annsawnlndlined Jedasdreamanfudilumelifansenlwinfgluduiiomueniea
dafudnluudrgdmalimsiia NO aneluntiuanas
d 1 = b d =t
JUT 4.8 axmeduiu 80% Tuuna NO teeigaidunanan Ogndaluldlunisien
Tifuduannvinlinde O ujisentu N deailievihnisiFeuiisunisiia NO mue1ne
1 L PP i 1 = g - d 1 d = aa
dauiussmulinnfennimdiuiy 20% duia NO AliAgenian aziuldnnujiseinmsvesu

f989 NOTINAUAST 4.7,4.8 uay 4.9

1

HCN +502 —>NCO a.7)
1

NCO + 502 —>NO+CO (4.8)
5 3

NH; +=0, —>»NO +~H,0 (4.9)
4 2

4 o P ' a v & = o v a ) & w
weililpvihnsiue AUty 40, 60 uax 80% uubildiinavinlinsiia NO tugetudu
P a el L3 “ - 1
Weannnifianiswviifiaysaioamgisvanawuanugaean Laziisendunialiuin

4 3 = aaa ot a aaa 2 ot @
walziliiiaufizeanesusiuinu NO  waznmsiau)iserdeundu (Reduction) oefing

ANsUsuNauuanlenuaslunSnoanlye aiuaunIsy 4.10, 4.11 uay 4.12

1
NO+CO —>5N2+'c:o2 (4.10)
|
NO+C(Char)—-)-2—N2+CO (4.11)
2 5
=NHg3+NO —>—N, +H,0 (4.12)
3 )
— 800
g_ 700
L o0
§ so0
*@ 400
T 300
a
¥ 200
9 100
g 0
0 ) 2 3

Height above air distributor (m)

= - = s ] =
U9 4.8 wansSnallupdneanlednislumauiununuiionnadauiiu 20, 40, 60 uaz 80%
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- < ! a - ¢
445 wanssnudledsunlatennirdiuiusenaiuaisuoulouanlyn (CO) uae

lumsneenlea (NO)
o Y g a8 a o 1 " 1o or a
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Uuanad
o i a | a Y &
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pandiautioy eawneenfiaugnidludmiumsunlniludnuswaramldudududmauun
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4.4.6 UszAnSamuay Unburned carbon 91nnseenlusilusenConical SFBC

o =
AN5194. 4915 9uaneUsEAVS AmmILAE Unburned Carbon aannswnlugdlumnSFBC

%EA uc Quc co Qic iy

20 891 10.025 | 181.8 |0.06229 8991

40 5.88 6.400 150.8 | 0.06567 | 93.53

60 13.06 | 15400 |119.0 |[0.05188 |84.55

80 3.42 3.630 67.4 0.04170 | 96.33

= v = a a a4
A1999 4.4uansliiude unburned carbon waEUTEANS A MVBLAMLEIDATBINNA

1 - Cl. dy I 4 1 -
AULNULNNTUINN 20% Lﬂ‘u 40%, = 60%uar 80% ATWUIIBINAAIULAY 80%

o oA o dv ar P P P v 5 o L3
Usgandamueaaminivzgengavusiuiiewnaindiozeniadallumwiuilings

< ¢ o § val - - T ¢ & -
wluauysal vialidleanduanaifigametazdumiuasveunaieity CO, uagnsiiy
anmeAlilddssavilvigumalineluimitiuan Jaibifiasveuueuuenlesuazunbumned

o v - =t dy
carbonfitied UssdvignTWuaum 9 egel
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AANUIN A

AMsMIBINTAEILALT 20%
21
a —
110,
=
21-0,
- 0,=35

» 1.2

ﬂ'ﬁ'ﬁ']u'!mﬁ']ﬁ']ﬂﬂ’m%@uﬁﬂ
HHV = 339C +1256H - 109(0 - S)
HHV = (339x27.79) + (1256x4.55) -109(34.39 - 0.32)

HHV =11421.98kJ/kg

ﬂ'l‘i’ﬁ’lu’lmﬁ'lﬁ"]ﬁ'ﬂﬁ%ﬂu&’l
LHV =HHV -24.42(W +8.94H)
LHV =11421.98 - 24.42(6.33 + (8.94x4.55))
LHV =10274.07kJ/kg

nsmUBnaeInATideIn1sATaMgLs
V%=0.0889(C + 0.375S)+ 0:265H- 0.03330
0 =0.0889(27.79 +(0.375%0.32)) + (0.265x4.55) - (0.0333x34.39)
V°=2.54 m’/kg

nsuUsuImsvaslulngiau

Vo =0.797° +0.008N"
V%% =(0.79x2.54) + (0.008x0.93)

Vv =2.01 m* /kg
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MTRIUINIATYRIMANY (tri-atomic)
Vior =0.01866(C" +0.375S")
Vror =0.01866(27.79 + (0.375x0.32))
Voo =0.52m" /g

ArswIaINtAduiY Auanlaefea CO Tufinalaideauwis
21
o=
21-(0, —0.5CO)
o 21
21— (3.82 — (0.5x0.01818))

of,L.22

nmsfmnuiinuinsleadawtineldfoulvinsg
Ve =Viosr + Vo + (@~ 1DV’
V,, =0.52+2,014 (1,22 <1)2.54
Vi =3.09m’/kg

o e o a a y:luL ' '3
ﬂ'liﬁ'l‘l.!’?ﬂhﬁ"Iﬁ'3']ugﬂtlﬁcy,kaﬂtuﬂﬁﬂ'lﬂﬁ'lﬂ.lﬂ‘l‘lﬂLﬂﬂﬂ'liLN'T‘IM&m Nﬁ&l‘l‘,’lim

32886 C,

\. A
9 LAV T00-C.°
32886 - 8.91

_ 32.02
e = 1027407 100 8.1

g, =10.025%LHV

nsAuIuAnSaugdsdmiunsunlng

4. =1264COV,, Qﬂg}%@
(100 -10.025)

q,. =(126.4x0.01818x3.0954)
10274.07

g, =0.06229%LHV
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ANFATUIUNIUTZBNSAIN (YLHV)

1. =100- (quc + QM)
1, =100—-(10.025+ 0.06229)
7, =89.91
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ELECTRICITY GENERATING AUTHORITY OF THAILAND

TEST REPORT

FOR PROXIMATE ANALYSIS

Page 1 of 2
CUSTOMER: 1133933 1wy
anirmnTaunua anzdmnssumand aonfumaTuTatwszeeundudigummsamnszly %
LAB NO. 58X0029 58X0030
SAMPLE NAME NZAIAIALA AnALY LA
SAMPLE DESCRIPTION - -
SAMPLE CONDITION normal normal
SAMPLED DATE - -
RECEIVED DATE 24/01/2015 24/01/2015 %
ANALYSED DATE 28/01/2015-05/02/2015 | 28/01/2015-05/02/2015
PARAMETER UNIT METHOD RESULT &
MOISTURE % by weight | ASTM D3302 M-10 9.67 9.24
ASH % byweight | ASTM D7582-108" 1.83 31.02 x
VOLATILE MATTER Y% by weight |  ASTM D7582-10%' 71.68 57.31 @s
AS RECEIVED |FIXED CARBON % by weight | ~ASTM D7582-10%' 16.81 2.42
BASIS SULPHUR % by weight |  ASTM D4239-12 0.08 CD
GROSS CALORIFIC VALUE MIKg ASTM D5865-11a 18.01
Keal/Kg 4306 ( 57
* NET CALORIFIC VALUE MIKg ASTM D5B65-11a 16.63 7
Kealikg P4 @\\w
ASH %byweight [ ASTM D7582-10¢' P K 4,18
VOLATILE MATTER % byweight | ASTM DI582-10%' 79.36 Q) 6315
FIXED CARBON % by weight |  ASTM D7582-10%" 18, 2.67
SR SULPHUR % byweight |  ASTM D423%-12 0. <> 0.34
GROSS CALORIFIC VALUE MiiKg ASTM DSB6S- A ) S s (S 1179
KeallKg 4 O 2817
* NET CALORIFIC VALUE MIKg ASTM D5865-11a 18.67 10.90
Keal/Kg 1 2606
INHERENT MOISTURE % by weight 1 6.33
ASH % by weight % 32.02
AIR DRY VOLATILE MATTER % by weight 74.35 59.15
BASIS FIXED CARBON % by weight 17.44 2.50
SULPHUR % by weight 0.08 0.32
GROSS CALORIFIC VALUE MilKg 18.69 11.04
kege (O 4466 2639
* RELATIVE DENSITY \\L AS 103824.1.1-2002 - -
Remark : The results relate only to the sample(s) tespod—This doctspenithall not be reproduced except in full.
& Chemist & ..ccovcnecnncnnseasennnsnasenaens
(Ms. Wirunchana Akkarut)
Laboratory Section. Geology Departmen ¢ Planning and Administration Division. EGAT

801 M.6 T. Mae Moh, A. Mae Moh, 522 -054-254136, 66-054-254037 Fax. 66-054-254037

S

Rev.12 03/06/57
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ELECTRICITY GENERATING AUTHORITY OF THAILAND

V.
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TEST REPORT
Report No.C.029/58
FOR ULTIMATE ANALYSIS
Page 2 of 2
CUSTOMER :  wwmiesan Gymdyi
wimnssuneas auzimansrumaaf aonfumaTuladwszveundutigummsmanszls
LAB NO. 58X0029 58X0030
SAMPLE NAME nzawaLA fnAuy R
SAMPLE DESCRIPTION - -
SAMPLE CONDITION normal normal
SAMPLED DATE - -
RECEIVED DATE 24/01/2015 24/01/2015
ANALYSED DATE 28/01/2015-05/02/2015 | 28/01/2015-05/02/2015
ULTIMATE ANALYSIS UNIT METHOD RESULT
MOISTURE % by weight | -ASTM D7582-10%" 631 633
ASH % ASTM D7582-10%" 1,90 32.02
AS DETERMINED |CARBON % ASTM D5373-08 47.14 21.79
(AIRDRY)  |HYDROGEN % ASTM DS373-08 6.26 455
BASIS NITROGEN Y% ASTM D5373-08 0.20 0.93
TOTAL SULPHUR % ASTM D4239-12 0.08 03z
* OXYGEN % (plus errors) 44.42 9
ASH % ASTM D7582-10%" %
CARBON % ASTM D5373-08 Q 67
HYDROGEN % ASTM DS3T3-08 593 Q) an
DRY BASIS
NITROGEN % ASTM DS]TH]( 0.99
TOTAL SULPHUR % ASTM xm%g 034
* OXYGEN %o (plus errors) 30.71
CARBON % ASTM D5373-08 4 45,08
DRY ASH-FREE |HYDROGEN % AS nss@ 05 6.23
BASIS NITROGEN L) .22 1.51
TOTAL SULPHUR % ASTM 0.09 0.52
* OXYGEN % @Ns) 4229 46.66
epi

Remark : The results relate only to the sample(s) tested. This document shall not b

Laboratory Section, Geology Dep

801 M.6 T. Mae Moh,

S

Planning and Administration Division, EGAT
20 Tel. 66-054-254136, 66-054-254037 Fax. 66-054-254037

md}u{%/mfun.

CHEMIRE i amnasssiiimisiais
(Dr.Kanitta Wongyai)

Rev.01 03/06/57
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v o da &
1919 V-1 Llﬂﬂ'ﬂﬂa%ﬂﬂq‘ﬂ <0 Vllﬂﬂ‘ﬂuﬂ']uﬂ']']ugﬁ‘uﬂ@l:ﬂqlﬂﬁl

AU MUY

g9 20 40 60 80
0.3 252.1429 | 189.8571 | 150.7143 | 89.0000
0.6 371.5714 | 266.7143 | 186.1429 | 149.2857
0.9 850.4286 | 541.1429 | 320.5714 | 301.7143
1.2 1141.2860 | 1043.4290 | 915.8571 | 842.4286
1.5 797.5714 | 553.7143 | 495.1429 | 431.8571
1.B 298.5714 | 242.4286 | 215.8571 /| 181.5714
2.1 182.8571 | 137.7143 | 1157143 | 95.8571
24 155.4286 | 121.4286 | 103.2857 | 78.7142
2.1 1417143 | 120.2857 | 98.2857 | 68.1428
3.0 95.2857 88.4285 | 78.7142 | 53.7142

o da &
A5 -2 uanstoyafing NO NNATUAINAIIUGIVDLATUNT

ANAG DIMAXIULNY

M1 20 40 60 80
0.3 373,7000 | 226.9000 { 116.2000 | 60.8000
0.6 452.0000 4 340.5000 | 180.3000-| 99.2000
0.9 519.2000 | 456.3000 | 311.2000 | 124.4000
i B 696.3000 | 638.7000 | 509.5000 | 145.8000
1.5 265.1000 | 237.7000 | 199.1000 | 84.3750
1.8 178.3000 | 162.4286 | 131.9000 | 59.1000
Z.1 163.8571 | 136.8571 | 97.4000 | 44.3000
24 147.4286 | 101.6000 | 47.6000 | 37.2500
2.1 126.0000 | 72.9000 | 35.8333 | 28.5000
3.0 107.6000 | 64.3000 | 24.7500 | 41.5000
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o &4 a &
A7 U-3 Llﬁﬂﬂ‘lll"é]%ﬂﬂ'l‘ﬁ 0, MNATUATUAITUEIVDILATLN

AR CRRRGL PO

R 20 40 60 80

0.3 20.9700 | 20.7500 | 20.6600 | 20.8900

0.6 19.8500 | 20.3900 | 20.8800 | 20.9300

0.9 11.0400 | 14.1800 | 16.3900 | 20.2000

1.2 3.5600 5.5300 7.5900 9.2400

%) 10.3400 | 12.1100 | 15.6000 | 16.6400

1.8 14.8500 | 15.9000 {-18.0100|18.9600

2.1 11.5900 | 12.7000 | 14.4500 | 16.2400

2.4 7.6700 8.7500 [ 11.2100 | 14.3200

. 5.4500 7.0200 9.5100= 123700

3.0 3.8200 6.9000 8.3300 .1 10.8100

A1914 v-4 Ltaﬂqi’aa‘.;aqmwgﬁﬁtﬁﬂﬁumummgwml.m
. ALY
DUUQ
20 40 60 80

0.47 716.6000 | 616.6667 | 407.6000 | 266.6667
0.74 803.8000 | 698.3333 | 465.4000 | 359.6667
1.01 777.8000 | 687.6667 | 554.0000 | ' 516.0000
1.34 778.8000 | 677.0000 | 587.0000 | 535.0000
1.55 742.2000 [ 6523333 | 591.4000 | 556.3333
1.87 723.4000 | 629.3333 | 574.0000 | .533.6667
2,17 698.6000 | 614.0000-| 561.4000-| 5186667
2.38 674.4000 | 603.3333 | 552.2000 | 499.6667
2.67 630.2000 | 591.0000 | 531.2000 | 480.3333
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= a .
f134 U-5 Ltﬂﬂﬂ{l’ﬂgﬁﬂﬁW‘B CO wag NO Nuaaenana NN

21Mf uaRwiivdeseananen
drunu NO Co
20 107.6 181.8
40 82.3 150.8
60 76.6 119.0
80 60.7 67.4
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