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PLASMA GASIFICATION / FIXED BED DOWNDRAFT GASIFIER/ ENERGY

RECOVERY / MUNICIPAL SOLID WASTE (MSW) / REFUSE DERIVED FUEL

The objective of this research was to compare conventional gasification (C-G)
and plasma-assisted gasification (P-G) in terms of energy production efficiency and
environmental emissions. For P-G, a DC plasma torch with a power of 50 kW was
installed to a 100-kW prototype fixed bed downdraft gasifier.

Resutls on gasification of mixed fuels (RDF-5 : wood chips, 70 : 30 %wt ) at
feedstock consumption and syngas flow rate of 126.90 kg/hr and 210 Nm'/hr,
respectively, showed that P-G system caused appreciably elevated temperature
throughout the gasifier, leading to an increase in syngas concentration, cold gas
efficiency and system energy production. The calorific value of syngas increased from
4.96 MI/Nm® to 6.88 MIJ/Nm’. In addition, P-G system could operate with waste
reject having moisture content as high as 40% (wb), generating syngas with calorific
value of ~4.82 MJ/Nm®,

An analysis result of air pollution suggested that both C-G and P-G systems
caused values of total suspended particulates (TSP), SO,, NO,, Hg, Cd and Pb less
than those of the limits (MSW incinerator emission standards announced by the

Ministry of Natural Resources and Environment). However, the efficiency of



pollutant constraint in bottom ash for P-G was higher than that of C-G (92.60% and
87.15%,- respectively). In the case of using P-G with high moisture content feedstock
(40 %wb), special care must be taken because the temperature in the gasifier
decreased notably, cuasing the bottom ash constraining efficiency to be less (60.60%).

Results on mathematical model development for syngas property prediction,
Le. sysgas concentration, heating value, gasification efficiency using multiple linear
regression indicated that proximate and ultimate parameters and moisture content of

feedstock could be used to predict such properties well with coefficient of

determination (R?) of 0.77-0.99.
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Al = 5192 qilHey (Aluminuim)

APHA = American Public Health Association

ASTM = Amarican Society of Testing and Material
BOD = ilod (Biological Oxygen Demand)

COD = %109 (Chemical Oxygen Demand)

C = 519MT VU (Carbon)

Ca = 5I9UAAITEN (Calcuim)

cd = 519UAAN (Cadmuim)

Cr = 519 1A311e3 (Chromium)

Cu = 519N03LAd (Copper)

Cl = $19AADI U (Cholorine)

CO = uhaMsUBUNUUDN ld (Carbonmonoxide)
Co, = uhamsuoulaeen lea (Carbon dioxide)
CV, = Calorific value of syn gas

%db = $08a211ATF NN (% Dry basis)

EDXRF = Energy Dispersive X-Ray Fluorescence Spectrometer
g = N34 (gram)

G, = Gas composition (%V)

C-G = sLUUAe @Wm%’u (Conventional gasification)
F = 519)Aa03U Fluorine

Fe = mqmﬁﬂ (Ferrous)

kg = nlansuy (Kilogram)

= 519 la Ta519u (Hydrogen)
= ANUEN
= ufe'lalasiau

HCI = nyalelasnae3n (Hydrochoric acid)
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AeBNadyaNHaaZA D (MD)

Hg = 5191500 (Mercury)

HHV, , = High Heating Value of fuel (MJ/kJ)
HHV, = High Heating Value of gas (MJ/Nm’)
hr = #2713 (hour)

K = T1)suaanden (Potassuim)

kg = nlansu (Kilogram)

KVA = nlaTraduewnil (Kilovolt-amp)

kW = Aladnd (Kilowatt)

L = AITNY

LHV, = Low Heating Value of fuel (MJ/kJ)
LHV, = Low Heating Value of gas (MJ/Nm’)
LOD = Limited of Detection

m_, = Ash Production (kg/hr)

m,, = Fuel Consumption (kg/hr)

MBT = Mechanical and Biological Treatment
Mg = 519uNNHIFeN (Magnesium)

mg = Haansy (Milligram)

MJ = 1Nea (Mega Joule)

Nm’ = Cubic millimeter

N/A = Not Analysis

N = 519 TuTa319u (Nitrogen)

Na = 519 19101 (Sodium)

Ni = 519 HIAA (Nickle)

ND = Not detected (1329 lainw)

Nm’ = Normal Cubic metter

NO = uha lunSnoon lea (Nitric oxide)
NO, = ufar'l11as19u (Nitrogen dioxide)

% J . .
NO, = undoon lyauesluTasiau (Nitrogen oxide)
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= 51900NFIIU (Oxygen)
= uReroanFIIY (Oxygen gas)

= ‘ﬁim\lﬁ)ﬁ‘v\l’i)‘jjﬁ (Phosphorus)

PCA = Principle Component Analysis

P, = Electrical power

P-G = SYUUWAEURAFTIATY (Plasma-assisted gasification)
Pb = ‘ﬁmmf‘%’s (Lead)

PPM = Part Per Million

RDF-3 = Refuse derived fuel -3 1150 Lﬁﬁagwﬁwazﬂszmw 3
RDF-5 = Refuse derived fuel -5 1150 L%@LWSQ"UEJ&‘]J?J%LJW] 5
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T-T, = Reactor Temperature (Inside 1-Inside 6)
TD = Impurities (Tar & Dust)

Ti = 519 Inumnitioy (Taitanium)

TKN = Hiadu (Total Kjedahl Nitrogen)

V, = Gas flow rate

Yowt = Zovaz Taonimin (% By weight)

%wb = %’aaagmmgmﬁaﬂ (% Wet basis)
TDS = mamﬁmzmm‘i’w (Total Dissolve Solids)
TS = mﬂﬁll%ﬁﬁdﬁn@ (Total Solids)

TSS = YOI UIVILADEY (Total Suspended Solids)
S = snFawles (Sulphur)

Si = 519FAnDU (Silicon)

SO = unadramles lasonlod (Sulphur dioxide)
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Fomaalfign1dUdady (Wood Chip)
Diameter

Cold-gas efficiency
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1nvez laededua sauns hidaaildesuaiivesngddunadoudie

M31N 2.6 oanilsznevvevezyareslulszmalng

29A1/5znaL (Yowt)
2 4
wuﬂ lﬁy a U YV clll/ Y a dll
NITAH Waaan 819/ U IFIYN A uy NI/ KU iﬂﬁ;‘: 61&‘]
219115 nalsd
mﬂmﬁaﬂaudn/uu
Fea vy 59.32 10.69 11.58 | 0.95/3.55 1.42 249 | 3.19/0.42 | 5.64 | 0.75
Wy lan 49.6 8.94 17.6 2.3/0.92 3.09 114 | 092092 | 138 | 2.93
g11he 53.19 7.59 9.01 1.59/2.56 2.3 5.65 2.74/53 | 8.12 | 1.98
UATAITIA 61.4 3.9 14.6 1.1/3.23 6.92 231 | 1.54/1.54 | 1.15 | 231
ANNAYVDINA 55.88 7.78 1320 | 1.49/2.57 | 3.43 546 | 2.2/2.05 | 4.07 | 2.00
U = =)

MANZIUD NN HD
UATTIHAN 44.6 172 10.66 1.6 1.28 1.26 1.05 1.05 | 21.31
YoUUAY 52.2 1.69 4.06 4.72 7.55 2.83 13.94 6.6 | 4.41
QUATIFBI] 47.85 112 19.14 0.79 0.79 2.39 8.29 159 | 7.96
RLELA 67.2 11.4 10.5 0.8 1.6 0 6.1 0.8 1.6
ANNAYVDINIA 52.96 10.37 11.09 1.98 2.81 1.62 7.35 251 | 8.82

AU : NTLNTNARY, 2551
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d
aandsznoy (%wt)

v 19 - . wy | lw v - 4
3T | Walaan | eny/nie o | 2us | udviu | Tang | 9wy
211113 f | el
NANANY uazmamﬁ’uaan
wa13 63.25 5.25 45 1.88/3.13 | 125 | 5.75 | 2.5/5.0 5 | 248
Wnen 64.3 2.8 20.85 LUL6s | 1.1 | 114 | L1/12 | 147 | 327
uasilgu 48.1 2.63 16.91 451/4.86 | 2.06 | 10.06 | 1.71/0.86 | 7.2 | 1.1
5195 436 5.25 14.73 2.29/0.58 | 6.87 | 18.8 | 2.29/1.15 | 2.53 | 1.19
Y5O 495 3.9 11.76 1.8/270 | 3.15 | 109 | 2.67/2.06 | 543 | 6.11
sl 9.6 4.5 24 2/1.9 55 | 65 | 1.7/1.00 | 29 | 04
Aundovesnn 50.06 4.06 1546 | 226247 | 332 | 886 | 2.00/1.88 | 4.09 | 2.55
mald
malvigy 56.5 525 14.2 146/12 | 073 | 1123 | 2.58/039 | 3.5 | 3.14
UATAS FITUTIY 39.5 14.2 18.3 385290 | 138 | 53 |471115| 6 | 265
ia 49.1 15.2 12 0.50/0.50 | 3.1 12 | 102025 | 12 | 45
LERUDER AL 50 133 13.97 0.85/0.85 | 1.7 | 85 |511/1.28 | 298 | 1.46
Aundovesnin 4878 | 11.99 14.62 1.67/1.36 | 173 | 656 | 5.67/1.33 | 3.42 | 2.94

N ﬂi$1/l‘i’3\11/‘l5\‘1\11u, 2551

a

Y U o a 2 dy a =S A
‘ﬂ‘l]ﬁ]”]J‘IJﬂﬂfJﬂTWﬂ?ﬁuﬁlﬂzyjﬁPJ’C)fJiJ”INﬁ@]WﬁQQWHU],V\Iﬁ”ILLaZLG]ff’JLWﬁQVIﬂLWIuﬂJLWfN

0.84 % (nsuAIURNUAnY, 2551) UszmeIneldse Tenives lugimsihmmdandsan

Y] @ o < [ :JI ] 1
Tfhuazanudeuiiog 0.126 A1udu nvezlszme 15.03 1udu) azmunveziiu luly

A Qy AN Y 1 o @ < [ I A
Gl]@\?lﬂaﬂﬂ\jﬂvliﬂ'] ll@ﬁ']u']iﬂu’]ﬂaﬂﬂ’]Lﬂuwa\‘l\i']u‘ﬂﬂlﬁﬂuhlﬂﬂ TﬂﬂlﬂW1$1Uﬂ1j$ﬂ5’lﬂ’]

S o & a g A
HWUIFDIWAIYIVULTOY )
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oA / mmmuiy | Ay | ansdeuvesvezuda | Wanaudr | Winamsiienlndld
i (kg/m") (%)wb HHYV (kJ/kg) (%)db (%)db
mﬂmﬁaﬂeudwmu

weoalvi 215 47 23,675.78 27.33 90
Wiy lan 295 68 15,661.15 32 93.85
dnha 230 54 18,597.62 21.88 81.85
UATAITIA 285 65 17,162.85 30.67 93.46
Aumdevoani 256.25 58.50 18,774.35 27.97 89.79
mﬂmi’u@amﬁmmﬁa

UAIIFAWN 200-250 50 12,628.48 - 76.6
YOUUAY 176 52 19,476.05 - 73.05
QUATIHE 187 50 13,619.85 - 82.16
9A351%] 204 50 18,568.34 - 91.5
Aundooann 191.7-204.2 50.5 16,104.55 - 80.83
MANAN

wazMAAZ IueaN

w¥a13 350 59 15,238.67 27.44 85.02
¥inen 207.5 70 16,020.89 30.89 92.96
unslgu 281 45 16,238.41 32.77 89.13
31915 228 64 14,222.20 30.89 92.12
Y5 250 60 18,007.82 19.89 83.71
Unusil 245 49 22,291.21 18.77 94
Aundooann 260.25 57.83 17,003.20 26.78 89.49
mald

malna 200 57 20,074.22 17.11 90.57
UATATHITUINY 228 53 15,523.11 31 85.43
Qe 260 40 17,986.90 6.33 81.6
LEACDERAL 170 63 13,996.32 32 89.17
Aundooann 214.5 53.25 16,895.14 21.61 86.69

AU : NTLNT N, 2551
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2.2.3 dnvazantiavezyadesve s Inendamalulatgu3

ZY

JoyanuanyuzauiavesvszyarosuesuniInedoma luladgsui 91999910
Fo3a31891UNTIVBVBY 550 01911 HazAE (2553) TATIMSANY AL WANAULLUMNS
o A 9 I o ~ =R <3 a o
Tamsvezguyie lniundsnunaunu (NN yusuvaEnsnuves 3-5 du/
% d! IS = v 1 dy
Tu) Falisreaziden daae 11T

2231 ANNHUIMUY

ANuHUINYeIvezyares luvazvudunR@Y 0.103 1ag 0.097 A laniuy
1A ~ 1 a 1w A a o 1A A s
ApdAs HazliANuHILUNUNAMIAUAD 0.204 N lansudpans 11099109A1IZNOUUDIVEE
a v A o o TR A Y A @
yarosluuiImandomieuiunniu anuruuiudaian lnameeny
d K Y
2.2.3.2 asnsznoulagiimiin
4 a o = ~ o |
pantlsznovvezyarosluurImedema lulaggsus Tagnsdmunily

A I Y . .. = 1 1T o .3’ o
1) Usznnnen ngd 1é (Combustible composition) NAATIUNINU 93.9% Tag1imin 2)

v 9
Yszianiw 1nil 1314 (Non-combustible composition) HFAEIUNIAY  6.1% Tastiniin
[ 1 o o J [ = v dy
asnanaunsadmunodlsznonluunazlszinn dssvazivonae 11l

{ s J
= 9J5znnien 11314 (Combustible composition) 84AtlszneuTasiin
v d‘ d! ] [ 9 a
wiinmasduisnulsznniagilsznouUare 1wue11ins 49.6 % ward@n 18.7 % nizay
15.9 151w Iuaz 1018 6.9 % A1 1.1 % Tulw 1% nagniieee 0.7 %
A ' J
® 9fszianiin 1131318 (Non-combustible composition) 04A1/5EnBY
Y H 1
Tanimiinmasdanisamlsznniaqlsznonlidie uda 3.2 % niziloslane 1.2 % Tany

4 H

0.5 % n3ziiod 0.3 % uazvezouate (naoa IWiuazuuane3) 0.9 %
% < 1 J :I o 1 ] IS A
Forziu lanesnlsznou Tamimindulve) Ao Wudsznniien T
A 4 =) 1 <3| A a
18 Taomwized19vaso1ms ioannAoImsianuruiug aziiluvezyarosiina
@ 4

a o w 4 @ o a % '
nnFIatlszdriuvesuybd sesaqne Jagimannaradn deeglugluesnssyiua tay

I ' a o oA < Y o =2 A a ° a d
Lﬂumuﬂizﬂammwammmwwumu"l@m'lﬂ i]\illﬂTiNﬂW’UElm;ljaPJfJEJ%1W’JﬂWﬁWﬁ@]ﬂLﬂu

a

a

1 v '
Sun wwRsrnuiuvezyadessmannszaiy FunanMINDsTYIuN AyAIN
' Ay v ovq v ) S v o ' o &
UAZIONEITANG ‘V]]lll]lﬂ(lclfﬂﬁgjﬂ%ullag UDNIINUULAIIINNITEITIVNUIT VITDUNT 18K
Y o 1 1 A z 3 [ A
ladneglunquuszyardoszinndus Wuaznumuludnyuzvesrasa lWih uazuvanes

Wudmlng
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2.2.3.3 anHUTMIMUMN
1) vina
‘ﬂ' (% 1 1 | =}
Wedailszianvesvezyadasainuuia wud vezyadesaiulvgl
] 1 a a 4 < 1 a a
vialuginii 76 Taduwas (43.3 %wt) 599030AYEzYadeNTVIIAEANNIT 38 Hadwas
d' 1 ] a Aa A (Aa 9 d' QEII dy
(31.4 %wt) nazvezyarosnod w19 38-76 Hadmas Jisuatiesnga (26.3 %wt) 1t lag
1 " Y d'd [} 1 a A A A a 4 [ n'd' ]
dInaudr vezyadeshiivinalugindi 76 Hadwas Ao ABENAT AN U5TIAUNT 14
15187 uazeryo s uelsznn
X
2) ANUTY
a % = = = a dal til
vezyades luumInedemalulaggsus NUSmaanurumdegs
= A A 0 A A g A A
49 62.7 % (wb) ANUFUNNUAINGAND 55 % (wb) HAZANNFUFIGA AD 68 % (wh) 11193910
1 dy 1 1A a oy =& [l 1 3
manurudIu Ingaelsunanihluayeims dsadunaluvezyadesnineins1sserns
luurinenas
U WA =
2.2.3.4 anvazaNUAMual
[ wvAa = a [ = =}
anvazauiamuaivesvezyaresluyminerdomaluladgiuis
~ s o o =
Heentlszneuvesnisuen lalasmu Tulasau uazWeaesamas 16.7, 1.9, 1.7 %wt ua

a a o =~

@ 1 a o < 1 1 ]
48 Hadniu-earesa ae Alansuvezyares uaasliiudvezyadesdiulvg i

ad

a IS J A o Y o A A a
ﬁ’li@uﬂiﬂlﬂu@ﬂﬂﬂi3ﬂ@ﬂﬂﬁ’lw'liﬂu'lﬂaﬂﬂ'lél%ﬂ5318"]fuvl${ ﬂ')i’f]fl’l\‘lﬂ\iﬂﬁgllf]ﬁ NIITUINIT

1 [

o w 9y = Y a J e . a a [
faasunums lsveudelviinailse Tesy (Waste utilizations) 819 NSHAALATFININ N3

Y
A a

a A +H A A I Y usj dyQI a =] a A 9
HAAITOINAIVEL (RDF) 130 1Jodunid iudu sistidesnaianduna lulagiminzandiy
1 =S %
AN
v 4
2.23.5 MANNToUVRIVEzaron
1 9 a [ = S A 9
manuiouveIvezyades Tuuminedema luTaggsuns UAnNuToU
4 (High Heating Value: HHV) 1szuna 18,557 Alagasonlansy uazA1nnuieud (Low
' F2 ¥ I
. a 1T A [ a I~ 1
Heating Value) 1521101 5,363 1 lagaasn lansu fnnuduilsnd (55-60% (wb)) Fuiluaiigs
= o v Y 9 qa: dyd' 3 = 4 ~ 9
ganelumshidadiennuiou nutiiosninvezyarosiuiiosnsznounamnsom Ind

14049 93.9%

2.3 AU agMSHAANEINHINVE
TueAamssidavezaz1disnmsilenan (Landfil) ifuaulvaimazduitndonay

1 d‘ o LY a A o w us/' [N ) Y a
qeAIN Llﬁluﬂﬂﬂ1ﬂﬁlu“ﬂ%ﬁﬂq‘ﬂull‘ﬁﬁ\imﬂﬁ‘UiJ’l]iiJ']ﬂHﬂﬂﬂ ﬁ’)ll“lfl\‘]8Qﬂ1iﬁlﬂﬂﬂi}l}ﬁ1ﬂ13ﬁ$ﬁw
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a @ z =2 A o a3 ) ' dy IJq Y a 4 a a
yopauany auiudalanusuiulumsiezmariunlslinalss Temigagauazinauany
] v Y
toonge Tawia ldudunaluTadnmssaandsnuninve: luilagiufiaail
~ a dy a o 1
1) malulagnsHaa¥BImnaoauna (Refuse-derived fuel)
2) maTulagneanudou 019 naluledw M (Incineration) A luladnsHan
44 § a . { I { a
UNAFDINAIINVL  (Gasification) tna TuTagmslasuvez 1 ugsomauad
. . = a 43 da/ a a J
(Pyrolysis oil) tmaTuTagmswaaunaFoInaInInvezm1lgnssinaiau) (Plasma
gasification)
3) malulagniedinin maluledanmsdosaatouvyliuldoon®iay  (Anacrobic
. . = a ¢ LY
digestion, AD) A Tule@amsnaauNaFIN NN UVUHINaY (Landfill gas to
energy)
& ' ad = AY a Y A ' ) P
FaugazmaluTagnazianumuzay Jvea vordeuanaanuliavesnlsznovuvss

dy d‘ 3 X% 1 dy ) 9J 1 = a
VYL UASTHNINNWUNUU Tuanuideanil fazmmu@mwwmegaiumummmﬂTuTamesmm

dy Aa o [ = 9 = = v 9 A U 1
oinasoauns taz malulagneanusou lnelisioazdon mummamzﬂmma”lﬂ

= ) & a .
2.4 AU agMINANITINAIVE (Refuse-derived fuel)
=S a dy a " 98 o 14 [ o w A o
maluTadmswaaomasnnvezyardosli1dlifagiszasnnanlumssidanieiiate
A a [ = ] = Y A
yozyadosiondaanasiulasase toanaiunisiasuglvezyadesTasfaiaon
J A~ o 1 % <3|
peRlsznovvesvezyadesniindsniugenngnszuiums Tasmsnauonuazulszahilu
2 v ]
womashaunsoh lU1dunswaandsanuaelil maluTladawnaniide IduFeuiiesnn
o A 1 A 1T o A '
awnsonszate lUdutiumsamgaaisg dlunvasiutdavezyados’la Iagludesinisuu
' 1 o w § a { 3w o a [ d {
tevez ldgunasiive wemash ldausanuinsazi luwdandsauldidonan
Y
Aoans
A J ' A @ d? < £
iesvinaurainnateluesfilszneuaieg Nszneunuiwmiuvezyados &
d' [ = qaj 1 dydl 9 c; =
nasuntlasllmudnvuggurunazanggnia dnisvezyadesmaiiiinianuioudid
a Y & A o ' Yo 9 Y (a wa
YsmandwazanuiugedunarfinennugenlisudeenuunlsamuazdUgiaauay
1 9 a A Y o 4 '
dawalimsaugumsinanansznudsdunadoniiildon msulsgilvezyardeslaoriiu
N3ZUIUMIIAMIAE 10T DU saauiiansmenmuazguautianuaivesvezyaros
] o < Y ~ v . 1 k4 A v
e IdnanedluFomasi Idvinvezyaros (Refuse-derived fuel: RDF) Fuformasvez i 1o

Y 9 )
duansoii lsdusomaunenaandsanuld
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Y H
IFoINaIvez (RDF) Munens vozyarosNiunszuiumsinmaniee) 15y msaauenide
A I 1 Y = A v S e < 49’ a A Sldy A
Tt i 1deon msdnniedavezyadeseoniduduan iwomdsvez i latiszliainnw

v A A wa QA a da o ° &< v
iauf;mﬂ’n ‘WiﬁlﬂJﬂ‘mﬁllUﬁ!ﬂULﬂf@!WﬁﬂﬂﬂﬂQWﬂTiu1"]]833;!aN@ﬂﬂ!ﬂUﬁﬁUi@ﬂNTi%Iﬂﬂ@ﬁﬂ

A ~ J 3 A o 1
1199910 N09AYTENOUNINIMEMNLATMUANNA L UaNDN I

Y
g [

Y [ dy a < 9 = o (B
mm‘ﬂigﬂeufmq"avlaﬂalﬁﬂmmﬂuwmwmuu ﬂT!ﬂu@fNiJﬂi%ﬂ')uﬂ'li‘ﬂﬂﬂ']ﬁulm’lﬁlgiﬂﬂ

A Y dg’ (Y v dy a A 9 ng 1
NIDUDYVUBYNUAUTNUAVDUFDINAIVISNADINTT N1TDDNUVUIUADUAN Glltlﬂ']i!!,‘ﬂﬁz‘ﬂ

T A [

Y I zﬂy a 09/' d? (Y Y ' 9 o 1 1 Y Y
GUEquJ,aI?JEJﬂﬁlmﬂm%mmuumuaﬂﬂmmm’i%ﬂmiﬂ‘iﬁuﬂzafmlli‘uw AIDYNLBU mGllEJz'lmJ

U

Y] 1 d' o [ 9) L 1 9 1 o a 1 ] 9 [ u’j
miﬂmwﬂmuwmmmumauuﬂ%ﬂnTwu”lwu”lﬂmmmmmmﬂﬂ@u@gum aariulu

=

I dy a d 1o & dz o A Yy
ﬂﬁz‘].l'luﬂ’]ill‘l]ﬁzﬂsllszl,‘]_IuLGb"ﬂlWﬁQﬂ@'mﬂgklllfﬂ'llﬂu‘ﬂ zmJuﬁaumiﬂﬂLLﬂﬂTawsmaumﬂ

18 daneraalu 517 2.3

Improves treatment effects. Increases the calorific value

and storing capability.
Classifying Secondary crushing Pelletization

RDF pellets

Removes foreign materials. Reduces volume. Improves storing and
handling capabilities
by pelletizing

v
%

{ I g A
J1 23 duseulumsunlsgilveziluiomaves (Diaz et al., 2006)
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2.4.1 nasgrumsuialszianveavenasvay (RDF)

Y
] a 1 [
WAsTIUMsulalszinnveusemasvey (RDF) dunsoutsoenilu 2 szuu Ao
seuvlssmaanigomin uay szuununguilszmeag sl szuunilssmaansgomsm
1 [ ] [ o 09/’
weeonily 7 1521aM (ASTM  standard)  Tagtianmvmatasdnyus v iaguoudoiy

Y [
ANULANANUDY RDF 19 7 Uszinn uaasad a15199 2.8

ti' 4 dy a 1
MINN 2.8 MIdadsznNUBIFBING I8 (RDF) sznan il

5 FTUUMS
152190 RDF siuuy nMANYMY y
1 1
I 1 ~ o qy
RDF-1 Raw Wuvezegluglvesvezi ldsuuTasassningig Stoker
(MSW) Taglirmunszuiumsla 9
& A o < o
RDE-2 Coarse Wuveznrumsaauene Tanzimaneenlil uagdii | FBC, MFC
(c-RDF) | Tliviaanauuuvieny o
3 A o A
RDE-3 Fluff Wuvezriunszurumsuaauaoiioaiagiimn Stoker
Fa v v
(#RDF) | Tudl@mniusuldvezi 95% Tasiminvesves
ANTIRIUAZLANTITOUVUIA 50 a3 1adaamas 1@
> o o A oY 1 o =
RDF-4 Powder iWhuvezsmaniagien lvillaminiu Tagh 95% Tao | FBC, PF
Y
MM AVDIVELEINITONIUAZUATITOUVUIA 2.5
a a 4
A1 1edaamas 1d
. 1< A A = @ A
RDE-5 Densified | 1fuvezNdunszuIUmMIUAIUIMADIosTaqMY | FBC, MFC
A o @ 1 o < o 1
@RDF) | ludldmindaldegluzluuvvesdaiia oauns
A9 1 3
n3ofoumniy
& ° o A o g a .
RDF-6 Liquid Wuvezdmandagien Ind1dludnyuzveuiomas | Swirl bumer
Y
HAANITU
I o o A I Y [ dy a
RDF-7 Gas Wuvezdmniaaiw nd 18 ludnazvouiormaa Burner,
o .2
Usanunamiiuv IGCC.

W1: ASTM standards E856-83 (2006)

Y
druszunveanunguilszmeglsl i ldimsuialsznnveasemasves 13nate
Uszinnmlounuszuumalszmaauigomsmadimssmuamasguidanuer]d e
= =~ dy a [ £ 1 Y1 A 9 1
ImsiFenszinnvousomasvezmudnyuzn1enmenn §ana11dnid 3 dszan Tdun

¢-RDF (Coarse RDF), f-RDF (Fluff RDF) ey d-RDF (Densified RDF) FadNeUN T
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o a <] Y ~ Y ~ Y v
ntlszmeanigomsn Nz 181 -RDF iiou'lany RDF-1, £-RDF fieu'lany RDF-3 wag d-

RDF 1figu'|@f RDE-5
24.2 ﬂizﬂ’mm‘iwaﬂ!“ﬁi’)maﬂﬂlﬂz (Refuse-derived fuel production)

a Lﬂy a 9 1 9 [ A A 1
NIZUIUNTHAATDINAIVYY (RDF) 1U52noune 2 52UVEREAUNY NTINI NI
owzﬂl owos/'cu ccuosjs}d S A o
VIUAVUAU (Front-end) a1 NMIUIUAVUYIAN (Back-end) ﬂ"l'i“lJTUWUL!G]uuﬂﬂﬂi%ﬁﬂﬂmﬂﬂ']
AN Yo < ' ~ 9 ' Ay ¥ A A °
m’u‘umm&zmﬂ@&m"lm‘ue@mﬂumuwmmamm"lﬂ uag t’f’Ju%%Jﬁ'ﬁJWiﬂLNWllﬂ IWBNIZ N
1< @ a ) [ o W 09/' o ' o o egj o {
Lﬂu’)ﬂ@ﬂﬂﬁ"lﬁiﬂﬂ?i‘]J”I‘UWUL!ﬁaQ ﬁ’Juﬂ'lﬁ‘IﬂUﬂ‘llu‘ﬁ’d\WT‘JJWﬂﬁﬁﬂiZU’JuﬂTilﬂaﬂulﬁJﬁﬂ
Y & o £ 9 = P A = ug.z} dy
RDF 114&‘]_]L!Wﬁ\iﬂuclf\i’t’ﬂilfﬂgfJTﬁEJW]ﬂILlTﬁEJVINFI’J"I?JTE)MTT?@%N“D”JEHW (UNEP, 2005) N9u
1 = a T 9 3 @ dy
WWﬂLL‘]J\W]13JL°I/IﬂIuTﬁEJﬂ15Wﬁ@ RDF mmmum"lmﬂu 2 ﬂﬁzm%mu
2.4.2.1 Mechanical Biological Treatment plant (MBT)
I { [ = ad
Lﬂuﬂﬁgﬂﬂ‘lf!ﬂ?iﬁw’ﬁllWﬁ'TL!ﬂ'Llil'$W'J1\1’J%ﬂﬂl!8ﬂﬂ1\iﬂﬁ“ﬁ$'§%EJE]EJ’(?(QWEW]N
= A [ 1 1 I 1 £ 1% ' £
FININ gﬂ‘ﬂ 2.4 HAANNTEUIUNITANNATI BENWUIT RDF Lﬂumuwuwmﬂizmumﬂanw
1< Y @ Y J a dy 9 ) o
L‘ﬂuWﬁWaﬂﬂblﬂ‘ﬂ']ﬂﬂWiﬂﬂLLﬂﬂﬂ?ﬂQﬂﬂimﬂNﬂa NITATY WAITAN LﬁHLﬁ@W'I%Z‘IﬂllﬂVI"I RDF
' Aa A do & I ) F) ] = <3|
FIUVYLDUNTYIINWINFAHDIHITBINVUIALAN ‘DZMWULTJL‘IﬂﬂiZ‘iJ’JHﬂﬁfJ’f)EJﬁa'IEJ“N@"I%]HJHLHJU
1¥00nF191 (Composting) WTouvv15o0nFau (Digestion) wazganiog ladrslsuily

ﬂmmwﬁ U (Soil amendment)

RESIDUAL MUNICIPAL SOLID WASTE

Ferrous and Qrganic RDF (Paper and
Mon-ferrous waste Fraction Plastics)
metals fraction

A2 A2 A2 A=

For Cleaning For (Recycling or
Recycling Combustion RDF)
on- [ off-site

Separation

Washing
Organic
Fraction

Sand Qrganic Coarse
Fraction for Inerts
Composting /
Digestion

Biological
Treatment

gﬂﬁ 2.4 HIMIMUVDINTZUIUNTNNNALAZTININ (Mechanical and Biological

Treatment : MBT) (Diaz et al., 2006)
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2.4.2.2 Autoclaving RDF Plant
Y o w A a A [ I )
Y9110AY8I5E VY MBT A0 szaniamvesnsaausnaziudiiivua
4 Y o w A A 4 ~ o Y
AUNINYDI RDF  wagadedodinavesvezyaresniesnlszneunvainvaieiilv
Uszaninmnisaauendl dawalinaninves RDF @aslildre maluladluniswaa RDF
= &£ A = [ Y 3’ 9 2’ a
anuuUnikfeMIuMuiszuDAatenvezyaresnenadie o Tasnis 14 lethgamngiinay
anuauganwd lovver meldnawazannnzimmzauazililans olane warddn
a A J @ Y @ ) ] @ Y o 9N ¥
nazasduUNIdLendIenNAU nasImi lmunszuIumsaavandezi i la RDF
U = a
uaziags lmaa
] I o a ] a wua '
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3 b4
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A o 4 1 o
Tuvazunadouinlau Combustion Ivamaowdg oy Reduction 1111

a 2 A I Aaaa 9 [ qa./} 2’ [ 4 o Aaaa
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leTasmulunnmFomadiamniu @nealslasnuiinanemsyasziiaveuniossuaduail
' { - A ° a s P
melu) uad lunszurumsnil lorihannnuld sz lfinaasueu laoon loduaz laTasou
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2.6.2 ¥HAVOUMNAAUNIFBING (Type of gasifier)

o [ a a oY 4 a . 1 [ g a
FMTUYTHAVOUMNAAUDAIFDINA (Gasifier) HUIANANYUEMITOWFOINAY 1
I A 1] 4 . . a J .. .
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5 9 9 1 Y] [ o 9 4 g a { 9
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IFrugomasnianudugeld mahnuvesszun lugudou awnsoshunmsomas 114
Y ) [ a (7] dy a a o o o dy A Aa
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ATUA9VBUATIA Downdraft gasifier d3UMIHOUDIMNAGT 2 N1958AI1 Twin-fire LAz
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! ! :Zim’ H;Zi
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~--Drymg  ----1 ik Roacian fane
bR I
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]| ==rmee |l -
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Ozidation L I Idl Cltién Air i B
-/ﬁV{/ZLf - EELJJ_LL__L_ 3] 2nd Reaction Zone
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A a [+ tﬂy a a 1 o
E“IJ“VI 2. 10 ANAALNTLIBDIWAIFUAAN I Gi“lffl IR LagAe, 2551)
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WINAALN YNV UABANY (Fixed Bed) Adonldnuaeil 2 nuy Ao Updraft gasifier
. .3 SNY AY A @
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I { o [ a o w
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NAIUI9 92 laasduanveumnaaunddomnas mingnuandululeu Pyrolysis 92
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Mernummaaunddomassiia lvaas uaz ldagdndusemadinnusugzdana i
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9
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= < a o A VA 3
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= o [ = A 1 o % a o A
MY 13-25%, 12-18% uag 1-3%  awdiay Imsduileuvesduuaziduaud fs
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) v Y v
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e
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Y 9 9 Y
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1Y) = v A9y = A a Y ) [ 9
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2.6.3 MNANNNUYBIMS (Definition of tars)

=2 o

4 a oA () A a [ Y o A
M5 (Tars) HUDINAANUNN 1UADINTNNAANTZUIUMTUATFHIAFY 1T
a 9};:; ] ¢ o Aa A . .
wavnna ludi ldauysel dnvazvesmiitluvesraifiinnuniiags (High viscous)
Q“’w 1 ™ oy o 4
warligninanieu (Corrosive) Iatia luiidhmadudai Ysznevldreans lalasmsveou

o wva s A { a ' a 4
$waumnn autidvesmsielimandsuntasguuginui gungilunszuiumsgeaiveg

o

o

< & {
oxygenate pyrozate 111 Condense aromatic Huae lud mazﬁqmw

A = o A £
furans %zmﬂ”lﬂmmz‘w Aromatic HIUANUANAIICINNUYY

A 1 = 4 A a
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Y o [l @ 1 3 I 9 ] 1
M lndadiuves H/C anas awaaslu a1519d 2.11 Fududoyamivayuiwavosgun
Y a { 4 { s { .
Mldimanislasunasvesesdlsznouiieglunis Ae msnasuaingives Highly

4gIUU Complex-phenolics

gangiilng QUNNNI ganiilng QUNNNI
400-500°C 600-650°C 700-800°C 900-1000°C
(Conventional (Hi-temperature flash (Conventional (Hi-temperature
flash pyrolysis) pyrolysis) gasification) gasification)
Acid Benzenes Naphthalenes Naphthalene
Aldehydes Phenols Acenaphthalenes Acenaphthalene
Ketone Catechols Fluorenes Phenanthrene
Furan Naphthalene Phenanthrenes Fluoranthrene
Alcohols Biphenyls Benzaldehydes Pyrene
Complex-Oxygenated Phenanthrenes Phenols Acephenanthrylene
Phenols Benzofurans Naphtofurans Benzanthracenes
Guaiacols Benzaldehydes Benzanthracenes Benzopyrenes
Syringols
Complex-Phenolics

(1 oA a o
NUIUHA : 91N LHADIUGUAYEY (2538)
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CO+3H, — CH,+HO (2.9)
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Founsa iioannuna¥emad avisaadldamune luszez1nd1ld arusoldilusemmas
Y v 9 oy [y d‘ a g’ o 21 Y v d‘ [ [ oy a
Trunde lorhanuduwmenaalori uazii levunlsiunieednsnaiulosiwaa v
2.6.5.2 Ingavlugaamnssini
Co A @ A a o
wonanmM 3 1¥lse Teriaannan ludedu unadomas aruisatiunly
I o a ~ (] 4 g a 4
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pazasaiaulunsnaaumuea laglidusalgnsonmunzan Wudrdunsizriaigld
QUNYUUAZANUANG (Jung, 1999)
Y v &, a o d‘ d o
2.6.5.3 mslunaramasnumnsessuadualniely

! Y

a 4 J o o 9 4 a
Tdmaa i luasessuaduardaielu Tassiunadoiwaaaad,
A 7 o ' A St A s o A a ad o
inIesudduaidnielu 1wy nsessudawa insessuduna ienan v lunsaifiuda
g a a 4 1 y [P a [y 4
Wwomasdodilsmmmsuazduiudoulunu 25 mgNm® (fesalng o1giani nazansz,
A 3 d’ ] Y a 1 9
2549) ¥30 25mg/Nm’ (Bhattacharya et al., 2001) (e lil¥inanansznuaenisldauly
A 7
IATDITUA
9y o dy a o A Jd o . .
ﬂ”lﬂ“lﬂl,ﬂﬁﬁf@madﬂﬁlﬂiﬂﬂﬂu@]ﬁumﬂﬂWGlu (Internal combustion engine)
> Y o o A s A A o g ¥ A 7o o
"y szdesSuljsdnyuzuelsemsveunTessuamo oz IiinToseuaiu iz aniu

Yy o & a & & a ¥ v o Yug YA o o A ¢
ﬂ15‘1‘BllﬂﬁlcﬁﬂlwaﬂlﬂuﬁfﬂlwaQGLUﬂﬂQLWTllWN LLE‘WﬁTﬂTiﬂﬂTQTuqﬂﬂiﬂalﬂﬂﬂﬂLlfT]JLﬂif’NEJL!@



45
[ o [ g a [ 4 J o ] I~ a
unalsau Taesm lUmslFudaromas sunsessudduadmeluaiunsontseanilu 3 35
d aa LY
(auysal ATWININATY, 2546)
) A (&) Y1 [ %) g a I 9 ; a
1) MsuunIesuAaa 1¥IIUNULNTFOINAT 1IUMT IFIFBINAY
1 4 4 a [ I

9 (Gas-diesel engine %3 Dual-fuel engine) Iagldunm¥omasnauiuoimenilulofidiries

Y QQJS/:?’QJQ A Y 9 Y ax dyd' o sloyu
w1 Indl daumsyaszidadelfinivamadadndowsn vl A3 msuuuiinieseuase I
= a y A &S a =X o Y o 3' o
aralumsyaszidalszann 10%-20% voams Ignsessuaaalng 3am nlsgndaring
= 9 19y =\ o o o A & 1 1
arala 80%-90% waz hidsalimsaauilasdanyazmsnianuniossuaasauasdgala

° A St o I A s a 3
2) msvuaTossuaasanieaulauilunisseuaund Ivau Huns
A = A ) 9 o 9 dy a . ~
nilaunTessudaaaiiion 1§ uuna¥omas (Gas-Otto engine) Tnatlasuszuunisga
a a I a [ = I a g v A
sudannauiumsyaszialasmsoaldsuunilunsyaszidaaelszmelianiauiou
an dy A o 9 Yo [ A [ [ [ .
IMsuuVinTessuaded lasumsaaudailaenisilaeusns1dIun1sen (Compression
. Y Y A o o w0 A A A o o
ratio) 19 19 10-12 uaziiugUnsalnauoIMATUUN A FOINAINTOAITYITIADT (Carburetor) LAY
Y= 9 & g ax A A 9 A a
wadiowdnl Fuiluisasitdenldiesaniisngn
] A J oY = Yo (24 dy a .

3) msduaseseuaund laauunl¥nuundiboinas (Gas-Otto engine)
an dy A J Y Yo Iy o 1 @ I ¥ =
MmsuuvinIessuaaod ldsumsesnuuuliudasidiumsoali ld 10-12 uazlszuuneay

[ dy a o Y Aa A S X A 4 dy = a a
UATIFDINAIAUDINMANIN TTINUARTAINT038UA FunTossualssinniazliszaniamga
ualsIMgInNdszani 2 Uszana 2

) ] 9 A s &Y dy a A a o A 4
dmsumsldinsessudunmFomaunonan Wi ausoduaiesoud

[+ g a [ (% 4 o a 4 o a A A 1 a
unaremasnaonumiossuila i Tasnioaduiia lihntdenyldiiog 2 wiia Ao

9
9 ~

ax A d A <
1) Taun Ty (Generator) a‘ﬁufﬂzmmqﬂﬂimmmmimuaummwa
o Y A A Y [ = A a = A & 9
souvodn sl e liuseduuazanudna Iihinaneeniniianuai dad1mn
Y] ~ (= ~ ) o 1 o d A
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2.7.5.1 32UV Plasma gasification melting process
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Plasma gasification melting process (Moustakas et al., 2005, 2008; Bert et al., 2006; Huang et al.



58
2007; Dave et al. 2010; Ojha et al., 2012; Zhang et al., 2012; Yoon et al., 2013) ‘ﬁ'ﬂﬁﬁ‘gﬂ
MerfuszuunataNIsatuTzuLuuLAaFiasune 9ia1sves s unsouazues Ny

(Plasma gasification melting process) msauaaaly a1519n 2.14

{ % @ an ) 4 o o
A1319% 2.14 52UUNAAUIDITAN VTS VUV VLN TS AT U Lﬁai%'mmmmzaumwuaz

VoY (Plasma gasification melting process)

, LHV [waidun . o Syngas LHV
UHaa P o Mas H, Co
- IS RIVIGN MJ/kg une Yield Syngas
RRSRN kw) R (%vol) | (%Vol) R
(Nm'/kg) (MJ/Nm)
Tang et al. waean H,0
37.33 35.2 2.17 27.06 13.33 5.39
2009 Polypropylene (Steam)
Carabin et . H,0+
YYSOUNTY - - - 28.3 18.8 6.0
al. 2005 air

o Y 031’
Bert et al. (2006) N321IUN15 Plasma gasification (T1maTuTagdumdnuduga
AvteuduAnuTouNgauIng Tuaniuzveanarayl NAAIINAINUANAIIT IS

A

9 ] 1
TIVINUAzTIaVV0IUNe Tane 1 Graphite  clectrode  tatiamsuani)asuilszqiuia

a

é d' a d? o Y a =
Thermal plasma GananAavuIziilnmelumlgnsaiigangiga (15,000 °C) uazaugo
4 g 7 v o A A Aa
nenozaeuvesIiiuesnilsznonly RDF eon’ld Gunmizauduiiomasveziiining
o = a S <3| . ~
ranvalgvesnmanyuzmMual lngTuanavedasdounidezaaiellu Synthesis gas 1
a @ J a 4
QN IuvLIAINY 03A152NOVVOITITOUUNTY (Glass, Metals, Silicates, Heavy
3 = a A g o S Y
metals) dznguvoUrAINgUNYNF WBlBUMaIzna1BTfun 1Moy
o Aa Aav Aa P 9 I A
MIANHUNIINY Taginilgnsalnlalunisnaaes 1lu Reactor vessel Ngnaoy
1 9
1111821201111 10 cm 1182 Plasma torch #1910 Graphite HIAAAITIUVUVOUAT A AIUEN
] k4
Yo 92 1d Crude iron 1118991NANULANAINTEHINYIUINVOINI Graphite electrode 1AL
. A & 3 = @ 1 a =& A a d? o
Crude iron NYuTIan M3uan)asuilszaanald 910a Thermal plasma FIHANAAYUIZT
Y a s dy a ~ =\ Y I Qy < 1
Tigaingimelumianilszana 1600 °C waziyaimas RDF Ngninssu il ugwan szgnla
) [ J 4
W 1@ munved Reactor Taeldang dmsumsnyiesdsznovveudimaoy Tngldinies
X-ray diffraction (XRD)
a J J = .

HanN3AIIEHeInllsznonlu RDF WUl Ba, Cr, Cu, Pb, Ni, Snuaz Fe lu

a A A U dyd 4 a o [ I'4
YSnanga ieannsrartiiueedlsznonlunaradn (PVC) dwisusenlsznonves



59
[V 4 Y A " W
una NIz Useneuals CO, H,, CO,, THC, O, NAWMNNY 17.6, 8.1, 3.6, 2.8 1Ay 1.1%
AURIAL HaNITATIVIANANEARIUTZUY Oxidizer reactor 1AL TTUVUNTOINUNNUT MU0
9 Y
duimsduilouvesTangmings aniulumsldanusssdesesnuuuldiuanaznouluies
y A 2 = s v ! ¢ v & .
w Tdiiuy msdnpiesnlseasuveudiviasy nuesnlseneundnilulane (Calcium,
aluminate, Calcium silicate 1482 Calcium aluminium silicate) 11T UNANITNATOUNIT Leaching
gnoousuldriuuasguveuUaBey
ng dy a Y . . I AAA o
MINATIUATIHAINI5005118 1731 Plasma gasification 1iuma TuTagnidnenin
o o o w 1 1 o Y] L] <3
dmsuldsdavezaeudeniianiuiougs Ifawnsadugdnasnunauinldld ed1elsna
Y . . o & A A Yy A 2 o
M3 1¥nN52UIUNTT Plasma gasification 3uTlupgaganzanatglnsallumsinnuazein
® Aa Aa A @ dy ~ 1 (= o [ o 9
upanidszansam uagmszaumsduwdoumunzaniie lulinadmsumsii ld 14
o A S o A | s & A o Ao & Y = A
AUIATBIBUALNEHTBINDS lUN Fwanurannsuludesdny Ao Dust, Heavy metal, Sulfur
9 9
. o I 1 [
compound, Nitrogen compound (NH,, HCN), Halogen watimsaneinwdlu 'l 18§ N
a 9 A 1 = a
ansadsziulaiiesnnanu liades lumsnageuaussuy
. a 1 = [ ) =
Mountouris et al. (2006) W15 13 NnaA Tu lagwarauunaiasy Ianumue ey
o o w I a v A Ao o
numssidavezyuru szuuiinnmiuiiasiudanadon Tasauiderziaul Tuaa
. & Aany ) dydd' ~ 1 . A o o o
Thermodynamic Y84Waa@ A aFlasy Tumaliiyeisenn GasiEq o lUkneduls
] ~ LY ~ 9 A [ v J 4
A9 NernMzaunavesszuy daulsildain Tuawa Ae aumsanuduiusosndsznouuns
(24 dy a o dy dy a 14 (24 dy a o 1 a
UNEFDINAINUANUFUVOUTFOINGY 04ALsnouvosnNaFanasdaa U Tuavo 0 9NF U
1 dy a 4 (24 dy a a 1 ~ 9
Ao luavouFoINGY uarednlsznouvoIUNAIFDINAIQUYYL Tasnudan1dzilv
Aa A = a Y [ (94 dy A A a 9
Uszaninngege Ao guugiidszanm 1273 K azldmmdsnvuuswnmyomaininanla
Y Y v
WAy 1 kWh/Nm® Taganu¥uvesdemasdnsdinil 0.15 uay daauluaveseongouny
Y
Tuavea¥enas 1y 0.52 - 0.70 mol
. Y o A o dg/ ~ o @
Mountouris et al. (2008) l@1hTaaafnanvuluil 2006 w1huedasinsilou
9 1 v 9 9
FOINAINAAZNBY TASFINUNNTANILMUICTY AD BINEAY 250 AUABTY LATANNFUUD
dy a (Y @ Aaa a 9 A
Wonas liinu 68% Tasnasnugninnaa ldvesszun fio 2.85 MW
Minutillo et al. (2009) 1% @11 Thermochemical model #1150 T39I A unaTuTas
)  Aan q‘z [ . . .
naa R aFNIATUIazA NN U (Plasma gasification combine cycle (IPGCC) power
v < 9 ~ 9 . < ' 1
plant) 719 RDF a1nvezuududomnas szuuiild Air 15y Plasma gas uaidou lvvoamsaih
dal Y o A I A
Tuaaii 181715 Simulation Taelagu Plasma gas 00MIJU 3 LDV AD  Air, 0, 40% v. — N,
. A o S Y o I o
60% v. 11ag Air + Oxygen luaanwanvuiazinleslumsiiuessalseneyvosund

§ a [ a 4 4] {
ﬁf@mm memmc?fmmiwamu‘lmmﬂgﬂimwmamuﬂﬁ HATHIENIZ NN AUVOINT



60
a A Ao Y o o 9 Y1 o ¥ [
AUTZUY A UBATINT 1FWEI9IUIN Plasma torch A1 LA 1HAINEINIUIINANNTOUINUNE
di} a ' 9y . | Aq Y 1%
RINAIga TAgNUI1 M3 Air + Oxygen 1111 Plasma gas N 1HANEINUV0IT VY5200
69%
YR ~ [ 4 A A 1 [l
N Lapa et al. (2002) ldAnsudeanuesnilszneuvesasiiviaziaaildosesng
A 9 = O Aan o Y] [ = 1
gunadon vouna lulagnarauunadilingu lnsnaaeunuvesduas e Han1sanyIa UM
1 o a 9 = o' A 1 z o ~
mstlanilassesnilsznevvesasiiyludimasuiiduniionin syniamaniugniialen
UNNNYA
2.7.5.2 3¢UU Plasma External energy 30 Allothermal
1 ) 14 Y] a
Tugrvvesmaimatawesanennudouinldluaudiundaau 914
Y 9 J 9 A
mM3sleanuseuainwaraulugduesunainiiuisun1euen (External  energy 130
o (% 1 4 a a 4 A
Allothermal)  §5UszUUNAMNS DULVDAY 1NoAIUAUgUMaN Tualnsaliaziiy
Uszaniamuesszuy 1wy luseuY Allothermal plasma gasification #50 Allothermal plasma
1< o 4 (Y o a 4
pyrolysis tHumsihanunnnaaumersaunlalunszurumsunadiadu/Inls lage e
7 a o A a A o W
msuanaats Tanavesmsnlwilenluunmomas naziiudadivvesuna laTasiou
A Y 9 (24 dy a d? & A Y a a dgj
Mo 1HAINNUTOUVDWNAFDINAIGIVY FIUNa 1115 ANTAINV0ITLVUFIVY (Tang et al.,
2 v
2003, 2007; Huang et al., 2007; Dave et al. 2010; Fabry et al., 2013) Mailergi msdaueaagly

A15199 2.15

A = I
m3197 2.15 maluladwarauniuanuiouniousn (External  energy 130 Allothermal)

FNTUTLUUNANNT DUV A1

, LHV . o Syngas LHV %
UHaN 2 A WAFUT | NIBN H, CO
- WoINAY | Ml/kg o Yield (Syngas)
$198 v |uRa | Gw) | | %voD | (Vo) | M
(TRINGN) (Nm'/kg) (MJ/Nm")
Hrabovsky
etal, Udoy - CO+0, | 95 1.0 22 44 8.66 -
2006
Carabin VY& H,0 + -
- - - 8-14 20-29 4.1-5.2
etal, 2005 YUBU air
VYL
Willis et YUFU/
13.95 0, 3.22 1.10 22.62 | 40.46 11.9 79
al, 2010 YN
J
IDYURM




61
A = IS 9 =
M3nn 2.15 malulagwaraduuiluanuiounieusn (External energy 130 Allothermal)

SMNFVIZVUNRANUTDUUVUAE (9D)

, LHV . e Syngas LHV %
iGN A waEgul| Nag H, CcoO
v - 1OINAY | Ml/kg o Yield (Syngas)
1984 v _ | ula | W) | Cavod | ©avoD 1 Me
(CRNIGEN) (Nm'/kg) (MJ/Nm’)
Rutberg et v ®
ey 13 13.0 Air | 2.16 2.45 28 23.6 13.5 84
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Diameter of nozzle 25 mm
Sizes 300 x 600 mm
Weight 10 kg
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Pyrolysis Pyrolysis
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3 Thermal
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niines daydnual 150940 I0/Sensor
1. Temperature
1.1 Reactor temperature T,- T Thermocouple type-K itag Type-R
, v, Gas flow meter
2. Gas flow rate (Nm /h)
(Range 5 to 40m/s: vane probes)
G, Online potable gas analyzer
3. Gas composition (% V)
Gasboard-3100P series
4. Fuel consumption (kg/hr) my,. A%
5. Ash production (kg/hr) m,, ORER
6. Impurities (Tar & dust)
, T, Filter and condenser
- After reactor (mg/Nm")
8. una lode (Exhaust gas) Flue gas analyzer
G

(ex)

(Model Testo-350XL)
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9. YA Filter and condense 9. Flue gas analyzer (E:J‘I'gi}@ Testo-350XL)
517 3. 16 namunTolion 14 lunmsia

33.4 MSANYAADYIMNUDINM SHNAANAINHVBITZUVTZUUUNaFIInFY (C-G)
9
AMIANYUTDITAINUBINITHAANTITIIUIAEBINGS RDF-5 NUTLUY C-G U
o s A a A 1 A a Y
Jagiszasmioiannzyssmaauszuuiiianuaeiiio uazawsoauszuylalu
. A @ A a Ay y v P
5282012 (Long term condition) AadAIUAIMITONAAUNTFOINAIN lanunn Tagdplas

o 9 ' 3 @ A A Aa Y Y
Wamummiauqq (1NN 4.0 MJ/Nm) L!E]ﬂﬂ?ﬂﬂgllﬂﬁl%ﬂlwaﬂﬂﬂﬂmﬂ'lw ISR P EATNIIIRN]
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=
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IF iy uNtazyII195enNuFeINa uaziilinisnsaiemauiey annerIulal
v 1 J o . £ 1 o A A dy a Aa J o
AAd IS UBUAIAIG (Fixed carbon) Fuiludrud Ay Ao iloiomasiiinsuounsd’

A ] 9 Y A 14 A va g 1 4 &
g9 iWerunszuIum e Ingd udrvgrauraemsuountnuautailun1ues (char) ¥l
W  Aan o a 4 1 4
szuunszuIumMsunasindulumnsol Fixed-bed downdraft gasifier 01131592 e 115D

A @ Y =3 1 a 9 dy a 9 a a o

aoudlagladie JanunmsiauszunTagldhdomadIdvzamnomuszunTaomnlgnael
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uuvil1éa
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A a a
1HOINAI 4 ¥UA

3 wC
MINATDULADYTNINYDING
RDF-5/WC(50/50)

RDF-5/WC(70/30)

IAUSZUY C-G

RDF-5
= o 1 -
Winavewnaieing)
a A v
NABRIMIIAUIELLIADIHOY - Auusams Inavesudaiomas 3 szdy
(fmnia 12 F3lug 130 mhe, 170 m*/hr, 210 m/hr

= Al a o
fAnguvigiiluanlgnsel,

d ) d’l a a
oenlsznevveLnmFomalsum

M
4 A a

LYDINA [ AUIZVY C-G = a o
MIANHINIINAANAINTUHUDY

Sanimuinath
Ysinamsuaziu 321U C-G Haz3zuy P-G

a a a o d» a
Useaninmmskanaunayomnas

MANNTBUINANTD 4.0 MI/m®

5o o anaianaiviazlsziiv
PSinamewfimyemasgadeszi 210 m¥hr
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o NsTOUTAUNAGEN
Auszuyldedeste 12 ¥alug a a

MINaNUUSIaeIMa
= o v szifivilszansmvuaz
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o
R AUISVY P-G NEINH

51U 3.17 MIANHUADITNINUDINTHAANAINUVDITZUY C-G
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@ & Aan ) (% A
RDF-5 AUsEUULNaFing1 ﬂ\i!;lﬂﬂ\‘lﬁl,u MT NN 3.4

M3 3.4 %ﬂﬂﬁﬂﬂaﬂﬁﬂﬁﬁﬂﬂWLﬁanﬂ1W"U@\‘]ﬂﬁNﬁﬁWﬁﬁﬁWHﬁUi%UU CG

p P szausasIMs lvaveunayoinai
MINAani 1IN \
nageol (Nm /hr)
1 wC 130, 170, 210
2 RDF-5/WC (50/50) 130, 170, 210
3 RDF-5/WC (70/30) 130, 170, 210
4 RDF-5 130, 170, 210
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a (] dy a d' d' a o
MsnadeLINaaLds¥oIna ez manidzlunsiauszuy wag v ly
o Aa N ' ~ ] - - ] A
MUUAFIMIZVBINTIAUT UL NAdoUENDTTaULAE 11 9z i1TanfinanaaunaIFoIna
(CH,, CO uag H,) ladadiuiiqe eutumsauquilsinauazdadiunsilousinianio
[ a a a 4 @
unaeandu Tasmsaruauniila-la 1arseudium
MIAnEIdAIIAIUA wiya (Equivalence Ratio : ER) Y9432 U1 Fixed-bed downdraft
o o o o 1 o 1 kg a {
gasifier IAgMANUTUINUTV0IoRI1IN5 IFo 1M ARedaT1d UM 1¥emasves RDF-5 A

[ 9 1% o 4 ~
ANNITAN Taglganuduiusauannsi (3.1) (B.V. Babu, 2004)

ER = [AF-ratio mcasurcd]/ [AF-ratiO stoichiomctric] (3 : 1)
A
e
A [ 1 1 dﬂl a d' 9 [ a 1 [ 1
ER o ’ﬁﬂ’(ff?‘l&'ﬁﬂﬂ1ﬁ¢]0l"]5€]!,‘Wa\TV]]1@]ﬂ1ﬂﬂ1i?ﬂﬂiﬁ@]®ﬁﬂﬁ’)ﬂﬁﬂﬂ1ﬁ
1 dy a A Y = =
G]f]lﬂ)’ﬂLWEI\W]LN11W§JW@@]1U‘V]N‘V]QH@]
. A [ 1 1 dy A A Y [ a
AF-ratio, A9 dadiuoimaaeiemadi lannmsinggg
P ]
AF-ratio . A9 dadiuoimeaeiemaiien ndwedmungui

Y H
Taslun1anguf w3e Theoretical Combustion dadIULINFABIFOINAINH T3]

=) o 9 d'
weaasamuIa ldnnaumsi (3.2)

CHxOy + mO, —> CO, + 0.5xH,0 (3.2)

d'dy A = dy A & ) a 4
11!1/]1! CH. O, 19 g93NNNAY (Generic fomular) YDUFDINA «m”lﬂmﬂmmmiww

Xy U

i
AAaAA U

Y v Y
dailszneumaniintiogludveusomnas uag m AolsumvesvondouiiFomas Avenis
A 9 a D] s ~ A a Y1
o ldinanmswn luifauysal Taeh m = 1+ 0.25x - 0.5y TasimsAauszuuIzaIUgulna1 ER
1 1 Y  Aan c:/ d' 9 S 1 [
98119533 ~0.1- 0.2 NIzVIUMIUNAFIATUNANIZANAaITADINAT ER 081159 0.1 - 0.3
(Reed et al.,1983)
a o [ a Eaul ) a
TumMsauszuY 92INTATIIANISIHMDTA1 9 uaziimsilseueulseiv
[ 49) A A a 9 Aa A a [ 49/ a Y]
AuamvesunmFonasinaala nazdszanimmlumsndaunmdonas Tasrzasiaia

9
Weosaaae 11l
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Y w (3 &’ a

1) Yoyadns M3 InaveudmvoINag
<] Y [ 4] dy a 1 9
MINUdoyacn 1n1g lvavesundFemaslunaazaniog vz ld
AMTUNNUUUABITID9A2852 VY Online

Yy Y
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1n3091/0300A51M3 1A (Gas flow meter) Tnodoyanz

v eD

Bl

. (Y <3 a
measuring system 1981ion5 1M 15NUdoya 30 U1ii/M
o [l Y a A @ (%) dy a A o 4
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(n309i030 3191 3.15 ()
2) MINIZDYFIVOQUHATIMIN (Temperature profile)

a 9 <
Yoyav0IguuYL UM UAAINANTZUY Data loger FITWTONU

v =K 9 Y d'dy 3 A Ao 1 1 a [
Tuindoya lanasanal (ludfiszmunneg 30 W1H) AR WMUIANUFIRING YoUAIRAALDT

dy a o o 1 =2 = a a 4
IFDINAN TUIU 6 AWK U (T1-T6) ﬂ15ﬁﬂ‘]&l1ﬂ1ilﬂﬁﬂuuﬂﬁ\‘l"]ﬁ]\1Qﬂ!’i’i{]ﬂiﬂﬁﬂﬂﬁ@]ﬂﬂﬁ
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a

IOINAT (Temperature profile) za1m13nri l1FeFurennuainauovesguugindums
1 a %) g a a 4 a 1
A9 Glulﬁ'lWﬁ@]LlﬂﬁL%ﬂ!WﬁQ AADAISYSLIAINITILIAUISUY Lﬁmmﬂqmwguﬁwa@a
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091 5ENOVVBINAFDINDY (1993UDIA LAZAHUINITIA g‘ﬂ“l/l 3.13 (v), E‘]J“I/I 3.14)
a d d -4 .g a
3) fn53&ﬂ51$ﬂﬂﬁﬂﬂ§$ﬂi’]Uﬂlﬂﬂ!!ﬂﬁ!‘m’]w‘lﬁﬂ
a s % o & a Ao s A
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uﬂﬁﬂlumgmm (GO) NWUIZUUMANUTLDIALAD IﬂEJGI,G])'Lﬂi'éJQ’JﬂﬂmﬂWW!LﬂﬁLGB@LWENL!‘UU
o . = a s '3 w1 A
poulail (Online portable gas analyser) FLAWITDUATIZHOIAUTZNOVUDINAAAD CO,
., CH,, CO., O, (in3pailoda 317 3.15 (1))
29 4 22 2 3 :
4 Yy Ay v ° ' ] o
G]NilgclﬂfallE]llvﬁ‘Vlulﬂi]'lﬂﬂ'liﬂﬂaf]ﬁll'lﬂ'lu’)mﬂ'lﬂ'lﬂ'ﬂﬂifluell'é)\?l,!ﬂ’ff

Y
[ 4

1FBINAN (Calorific value of syngas) 1Ag 1FANMUEURUT 81989A1UIUIVGUDY Jain et al. (2002)

E4

=
U

€

CV,=> XH, (3.3)

. o 1 a J 6V dy a
Xi= ﬁ@ﬁ’)uiﬂﬁlﬂthﬁi"UBQ@Qﬂﬂi%ﬂ@U!lﬂﬁL%mWﬁﬁ
Y

1 ) a
Hi = manuieuvsaunaiyomad (CO, H,, CH,)

Tag# (CO=13.1 MJ/Nm’, H, = 11.2 MJ/Nm’ 11tag CH, = 37.1 MJ/Nm’)
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U

Y &’ a .
4) M3 1M1 ITINAS (Fuel consumption)
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3.3.5 MSANHUADYIMNVDINTHNAANAINUAUTZUUWA @A aTIIATY (P-G)
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3.3.7 msUszivanssouzszuvalszansmumsHannaIny

a a a a o Y 1 a A a 4
1) UseiulseansmWmMsHaA AU E VY ulﬂllﬂ Useansmmmsnanuned

k2 v
1¥OINAT (Cold gasification efficiency) V04551V C-G 1ag P-G fane bl

J =2

[ v 9 dyd' a a A a [
’J@Iflﬂizﬁﬂﬂ‘llﬂﬂﬂ'lﬁﬁﬂkﬂélu‘Vi’)"’llf)lll“l"l@ Usgiiudszansnmwnswaaune
Y Y =

¥

Y
a o [ 1Y o
wormas Tagvzlddoyai ldvinnmsnaassnidiuin Tasldnuduiusne (Bhattacharya,

2001; Arjharn et al, 2012;2013)

Cold-gas efficiency (77,,) = [Rate of energy carried by syngas]/

[Rate of energy supplied to reactor]

Cold-gas efficiency (77%,) = [Vg X C\/g]/[mFuel x LHV ] (3.4)
Lﬁ'fl
Vv, Ao Flow rate of syngas (Nm’/hr)
CV, Ao Calorific value of syngas (MJ/m’)
mg Ao Fuel consumption (kg/h)
LHV,,, Ao Low heating value of fuel (MJ/kg)

v o J a o Q) Aan o
TaglFanuduiusveumgnsainarauunagilingu Ao Minutillo et al. (2009)

Cold-gas efficiency-plasma (7],) = [Rate of energy carried by syngas]/

[Rate of energy supplied to reactor]

=[V, x CV J/[(mg, x LHV, ) + (Wtorch)] (3.5

A .
Ao Power consumption of the plasma torch
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2) 1WSeufeuaNsTOUZVE95Y U (Operation performance) lALA M5U5IiUA

@ A a s A v 1 J
NAINUANTVDITE VY (Net energy yield) Las WINT1UADT ﬁuq faae Uil

Y
L Wé’qqnﬁnﬂﬁamam’fﬁzuu(MJ/hr)

=[LHV,].[mg,,] (3.6)

F ucl]

" Wd991U4910 Plasma arc 913211 (MJ/hr)
P=VI (3.7)
V=300 volt, I =120 Amp

P=kW (1 kWh=3.6 MJ)

o @ A a o sad a yyd
u Wa\i\i']usua\ulﬂﬁl%alWﬁQﬁ\uﬂj’]g(ﬂﬂNa@]vlﬂﬂﬁﬂ'lggll’lﬁig’lu (MJ/hI‘)

=[CV,]l.[Ve] (3.8)

Y 9 [
= SandmlSinesudaiyemadsemainilowdnszuy (Syngas yield, m N/kg)

=[Vel/[m,,,] (3.9)
o \ o o A a o ¢ & a A v i
" FaaundInuuA e T un e A¥emasniloutnszuy (Energy yield,
MJ/kg)
=[CV, .Vel/ [mg,,] (3.10)
3) UsziiunananAISUoUAIKAD (Yields of cabon residue) (Hakansson, 2007)
Carbon residue = [M x 100]/M,, (3.11)

a 4 A
M = USunamsuounavan (g)

a 4 [ [l A 9
M, = dFnamsveuluaredaneuisual ()
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3.3.8 UsNUANITOULTMITUIAADNVDITZUY

v ' ]
Glueﬁ’u@mwummﬁmuﬁzumﬁamﬁauﬁmﬁnumwuﬁf‘u Glummz@mﬁ'mzﬁw
s 9 Y a 4 Y A a = = 9 1 A
NMTINUVBYAATUNANHAILINADY !Wf)ﬂ']iﬂﬁ%mu!l]ﬁﬂ‘ﬂl“ﬂﬂl] ﬂ']uﬂWiﬂafJﬂﬂﬁﬂﬂiJaW‘H/

ﬁmmuzmqﬁmmé’@u JENINTLVY C-G 1agIzuy P-C

3.3.8.1 msanfSunamazaniinvesveudaNnHATHINMSIANITZUD

4

= a a 4 a d' a K a o =
m3AnyTnauazInNgiasNaNENAATUINANIEUY Tagifny
a A A Y [ dy a J A dy .
winimesnineades deae 1l 1) msdmnizduamsiawnsadwileulueime (Air
a J < . a L4
pollutants) 2) M3 WATITHNANT 1UFUV0UVI (Solid waste pollutans) 3) NTIATIEHNATT 1Y

gl = 2 A I o A
UUNY (Wastewater pollutants) SHFAUNWITTULADT ﬂﬂllﬁﬂ\ﬂu@ﬁ%ﬁ‘ﬂ 3.6
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A a 4 a 1 A o a o ao dy
MTNN 3.6 wwsmmesmmawﬂugﬂmm NMMIVAT T IUUIeH

Y a
BNOINIATYIU /

uunlszianuaiy wisimes 4 o .,
IN309U0AATIEN
a s o A o
InTzviosalsznouund 1030999 Flue Gas Analyzer
a @ A A gy
wanylundm¥eomas laun (Model Testo-350XL)
1 o @ 1 o [l <3 o 1
1&un s0,,NO, NO, (FMIUAI061 12 #2981 1A AR08
3 ) < Y 1 =
1 a59% 119 52802 UAVAIDEN 30 WIT/
Vv v
A59 JUMsIAusLUY 12 %2 109)
- P g A g o 1 o @ A a
AnsgeyMIavMIAani | munudedalagldilugaunaremaniig
Air pollutants

g [ g a
wdeuluunaioinadg
WIS 1TtADsIIATIEH

1 = o da’ a 2
WURSINVIFRINGY (51900
a'lawd, sigeaniu, g Tane

A1)

n3zMIENT0d IS uasNA U taziih
o ' a 7Y A
91 uunIzAEATEd 1Tz Halen
X-ray fluorescence Energy dispersive
spectrometer (Model XGT-5200)
o @ ] o ] < o ]
(F1IUADE1 12 A29819 TaaNUA981
o o g o
1 A59/%2 T34 52 UNVAIBEA 30 UIT/

¥ 0
a5 lumsauszoy 12 $2109)

Solid waste pollutans

R

ANTIZHEINAN 1FURE I
Y
fNATIZFITFOINEL (51909

4 =
anlad, 51903 Y, 519 Ay

a ¢y A
AUATIUAWIATO
X-ray fluorescence Energy dispersive

spectrometer (Model XGT-5200)

J o @ (] o ] < o ]
A199) (F1IUAIDE19 12 §79819 TaNUA981
Y v v
1 a59%3 19 Jumsauszuy 12 ¥ 1u9)
NAFVUMIVLATANIVD (EPA Method 1311)

Taneniinaee a1y
Yo UAYDI USEPA

a saa 7
NWITTNNADINIAUANIIEH

Toxicity characteristic leaching procedure

(rcLp)"”

(F1UIUAIBEN 3 7I0819)

Wastewater pollutants

COD, TKN, HF, Phenol,
HCL, H,S uag langwin

A9

Inziamnasgu”
APHA, AWWA, WEF (2005)
Y v
(F1UIUAIDE1 3 @981 : Y UTeNAANMT
a A ) A
AUITLTVVADILDA 12 §2 119 150

ol A = 4 A
YAETAL AN AUATI 1NN 0 D9 ¥ TN 12)

a I'd a o Y a wa o w
g - ANT1EA 1ag UTEN Hewlfiamanars (szmelne) $1ia
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3.3.8.2 MIANHITNIIOUTMUTUNIAADN
o = a A = d' a d? a
Pnan1sane1lsuatasautaveUTeNNATUIINNITIANTLU D VDI
[ an o'/ [ an o‘/ a [} 1 a 1
N52UIUMTUAFF RSN vazwarauunasiingy vlssiusasinsdanassuanyae
v v Y
N aNyNoud152UY (Emission factor) Vo UFNNATUIINAITHAANE 191U

1) onnmsaaaseuadivluziveanda (o)

Emission factor (Solid waste)

= [Specific Ash Production]x[Concentration of ash] x Time (3.12)

[V 1 a <
Emission factor Ao danmstanassuanygiluewds (gke)
. . v a Y o
Specific ash production Ao 9AIININADIVUNE (kg/hr)
Time Ao nauAUIEUY (hr)

. Yy 9 a 9
Concentration of ash ~ f® ANUUNTUVDIE T WY 11 (mg/kg)
2) onsimsdandasananialuinge

Emission factor (Wastewater)

=[V,x Concentration of pollutant]/[ Total fuel] (3.13)

A
1o
. . =) [ 1 a g’ =S
Emission factor (Wastewater) a9 9as1msdanilassuaiiyluzihinge (g
A a S a A
\a Ao Swesvenind@esivluszuunimsazawy
VoIAdT IWHNMIAUTZVY (10 m’)
. A Y 9 a 3' =
Concentration of pollutant 0 ANUNIUVoIEsNany luiude (mg/1)
A a dy a d' qaj
Total Fuel Ao Uswaveuremasnilouszuunarua

Tugremsiduszuy (k)
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Y \ a <4 & a
3) i’)ﬂ’51ﬂ15ﬂﬁﬂﬂﬁ@ﬂuﬁ‘lﬁl‘kﬂu!!ﬂm‘lﬁﬂ!ﬂﬁ@

Emission factor (Syngas)

= [VSyn x Concentration of emission]/ [Fuel consumption] (3.14)
&
¥\)3)
.. A v U a (2 zﬂy a
Emission factor (Syngas) Ao ansimsvantassuany luunayomnas (g/kg)
A a 4 dy a o T Aag 3
VSyn o ‘]Jii]W]illf‘lﬁl%’ﬂlWﬁﬂﬂ?ﬂﬂNﬂlﬂU (m)
. A ) A o & A 3
Concentration of pollutant Ao ANuANTHas Y U aFemas (mg/m")

A a dy a A aaz’
Total Fuel o ﬂimmmmwm‘wamﬂauﬁzuumwm

Turremsauszuy (k)

(Y o d a d aa
3.3.9 ‘VWN‘11!1!!UU%]@@NT\]Qﬂiﬁﬂﬂ]ﬁﬂi!!ﬁ$ﬂ1§3!ﬂ51$1"i‘ﬂ1x‘iﬁﬂﬂ

o o a d
3.3.9.1 WAHUUVDIAINNAUAFIAAT

'
A o

@ o a J Ao J
AITWAHULUUINADININAUAATTAT Mﬂﬂﬂi%ﬁ\iﬂﬂ/‘l@ AT UIDN
o a S A Sldy 9 a a o Ay Y a
LLUU%WQ@QW1Qﬂm@ﬁ1ﬁ@5W1ﬂH llﬂhﬂ‘izmuwaNamxaxwaawﬁ% AVNNITILAUTISUY
A 9 A 0 s o & a A ¢ ¢
1UDIAU LNONITNIUIY 1) @Qﬂﬂigﬂﬂﬂq}ﬂ\‘luﬂﬁﬁfﬂw\lﬁﬁ o ﬂ'li’]Jf]ull@u’f]ﬂUlG]fﬂ (CO)
= 1 9 [ dal a a A a 24
"laimmu (Hz) UINU (CH4) 2) MANUTDUVDIUNAITOINA LA 3) Uszansammswanund
g a o [ Y  Aan o'/ YV  Aan o'/ 09/’ y
L%@LWQQ (Cold-gas efficiency) AMTUTZUULATSNAFY vagszuunatau N a sl ‘VNﬁ
o a 4 A a 4 a .
ﬂTﬁﬁ%ITQLL‘U‘UQTﬁﬂQWTQﬂm@]ﬁTﬁ@]i %31%’3%ﬂ153m31$WLLUUﬂﬂﬂ@ﬂL%QL@%}UWﬁﬂm (Multiple
linear regression) TagTilsunsunlsae Tsunsy IMP 10 (SAS Institute Inc., Cary, NC, USA)
. & A 3 9 o Y v A @ a v A
(K. ajay et al, 2009) "]f\‘l?J"’lJu@i’)uﬂ"IiﬁiNLL‘]J‘]ﬁ]Tfiﬂﬁllﬂllﬂ msfaaenalsoasy msnaen
o 9y A Y o as . a 4 A Y
@]’JLL‘]JﬁHﬂﬁ?JﬂTiLW@ﬁiNLLUTJﬁ]Tﬁf’NIﬂEJ’J‘ﬁ Stepwise LAZNITAUATITHANUADIAANDU A

weraslu 319 3.19
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[ a 4 4
dwlsoasy : oaasznaunuulszuna 09AUsENRUUVVLENTIG LATTNIIZTAT
o Y  Aan o'/ [ <Y 4 a [
MOUVBITZUVUN ATV AT (BRTINT IMAVLATIFOINA, DATINT
Y
ouFomag)
Y
Y a a a () a
dwlsan : auamtazlsz@niammskaaunmienas (Co, H,, CH,, CV, n.,)
[ [ 4

v A v A o s v 1%
Aamendlsnianuduiusniuaulsaulaemsnagouanaunus

[

NILAUANUFIU 95%

[ A [ 9 as .
Aamendusnaums laels Stepwise

Y

a 4 4
3&?]51814?]31%?]@11@!;?1581&

1) NAEBUANNAAIAAADY
I A 4
2) nageuANNYUIATTVBINNNAAIANADY

Y

IIRAGRN

9
%
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v A %
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o 4

[ o o a I o a o
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Y]

J @ a 1 a a 24 { a A
(Correlation Coefficient) i%‘ﬁ’)Nﬁ’Jllﬂ‘iﬂ’di%@]Nﬂ ﬂ°1Jﬂﬂ!ﬂ1WLL€1$ﬂi$ﬁﬂﬁﬂ1WlLﬂﬁL%@LWﬁﬁﬂ
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s NANHINANUAUNUTAUNIN llagsluvn\iﬂaﬂﬂuﬂ'] R llﬂ'll"U']Glﬂﬂ 0 uaaanysi

v Jdo

o 1 S 1w 1w ] v o Jdo
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2) MIa UV
a o a Y I = v o d @
NTUATICHUUUDADNDULFIULTUNTI D WumMsAnEIANUTUNUTUOIAD
o a Y o Y a A (2 dy a
uilsenu Y taz@unlsedse X Na1g A1 Tﬂﬂﬂmuﬂﬁlwﬂmmwuazﬂﬁzﬁmmmmm%mm

{ I~ [ o a 4 z
A4 Wudrlsary y  uazdinlsdaszio eeadsgnounauuulizuial (Proximate

@

a I
parameters) LAgHUULENT6) (Ultimate parameters) UAZANNITNITIAUIEUY !,‘lJ‘Lm”JLL“]Ji X TWJ

[ 4

ag o ' dy yax . . = = @ Ao % v W
Fmstloudulsmartiez 1973 Stepwise selection avztaonanlsnlanduiusiudiuls

%

tz' 9 1 09/’ % zﬂ' ] 9 1 1 = o
AUUINNFZALNITUNITNOU %Wﬂuu‘ﬂgﬂﬂﬁﬂ‘ﬂ@]'JLL‘]J31/1‘1%1@6@11‘!ﬁ'iJﬂTi’N%%iJﬁ?ﬂ']u']t’J@n

a A 1 a [ v a3 @
lathafiansdwiegluaumsdiedIzmssadonuuuinn naz luvazRerdunnagdoud

A 1 9 1T @ =\ A [ 9 ad v A
mJi‘nag“luammima’nmuﬂﬂmTamﬁngﬂmaaaaﬂa1ﬂﬁnmﬁmmamﬁﬂmaammu

@ a

o & ax dy o I ¥ A a o
DY “If\‘l')‘ﬁﬂWﬁuﬁ]Z‘V]’lGlWll@aiJﬂ'ﬁﬂﬂﬂ@ﬂﬂuﬁllﬂﬁgﬁﬂﬁﬂ'lﬁvnu'lﬂqqq@

a d
3) MIAATHANUAMIAINGEN
a Fe 4 a o
M33ATIZHAINDIAIAADY (Residual Analysis) 11N133ATIEHAS
a 9 a = = dy A 9 a d v ;
an0oe dnsonITan ldvaeriansdl Taslumsfnuifivzidenldmsinszyiaed
® NM3NIIUIAINAIAATOUNIATFIU (Standardized Residuals) 1y
S a 1 A Y A
AUNITOADBIAITUAUNTEVDIAIAAIAAADUNIATTIUTNALALI 0
A
Wniga
I a [ A Y an
e nsnagdeuaNuusaszyeImAaIanasy laglyadanaaeou
Durbin-Watson 1A8927W915941910f1 Durbin-Watson 1A89ziA19¢
Tug9 0-4 dwsuar DW flndnu 2 Wude Hareglugie 1.5 892.5

< A A IS a [ [ J o
i]gL‘]Juﬂim‘lflﬂﬂ]'luﬂﬁ1ﬂlﬂaﬂulﬂuflﬁi$ﬂ‘Ll GLER MUBIUYY,

2550)

(Y o d o o = o
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Y
YoyanuautAvouFonas (quavliauuulszus tazuuUnensig) Yo

e

v

tﬂy a a A Y o A a 1 Y o d' Y 1
IYDIWAY 3 BUA AD ”lmm HAZIFDINAINTUIZHIN RDF — 5: ”I,mm naagIu 50:50 %wt
o QY  Aany ) @ ]
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{ a 4 o a d o o @ Aan )
A13199 3.7 %@g@WWﬂW@Smmgmumammmmmmﬁmmmmzummﬁmﬂm%u

a rfd' 9 a r{d' o
W mesn 1% WITTUODINNIUNY
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3) anzmsiauues IR aF iU ve s vos | 3) UszAntnmnsrannda
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® 53O UFBINAING 3 AN
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1T 1§ U0819419 (Simple linear regression) 1a8141151n51 IMP 10 (SAS Institute Inc., Cary,

NC, USA)
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Component Analysis: PCA) 2219115053 XLSTAT (Version 2013.3.02, Addinsoft, France) ¥
I ax a 4 Aada 9 9 A 9 . .
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Pelletizing machine %992 lAIF0INAIVeE RDF-5 aauaadlugli Taudoindsves RDF-5
= d' c: = 9 ] 4 d' dal =
lvANaN Ty JYa [dURUGUINAIUATY 8 mm x 819 30-40 mm HAZANUFULA
= ' a 3 A = = o & a

Useua 14.32 % (wb) UANNHUMUUGURAY 560 kg/m’ TasionlToumeunuyomasvey
RDF-3 1a RDF-4 a0ANUnumuduiied 213 kg/m’ 4o 55 kg/m’ awday dauanelu

a =

~ < Y dy A A ) Y
MTNN 4.1 lﬁuulﬂqnslfﬂlwa\w&lg RDF-5 Nﬂmﬁuﬂ@]ﬂ’]ﬁﬂ’]ﬂﬂ’]Wﬂ?’]uﬁu’]gﬁmﬂﬂguqll']alsb'!ﬂu

b4

Y
FoINAe d1MSUIUIT810199991N9IUT0U Arjharn et al. (2012; 2013) e3131 vurauaz

{ - a A ) [ QY Aan o . .
mm%ummﬁmwawmmmumwamznm,mﬁc]ﬂ/\lm%ul,mu Fixed-bed down draft gasifier

=

4 2
(VU9 100 kW) 1Fomasdoadvinalaglszuna 40 x 40 mm tazANusu 1Ny 15% (wb)

a 1

4 g g a a Aa A a %] g a g a
111999 1NANUFUVDIFOINAINONTNAADU TLANTAINMNITHAAUN AFOINAIVDITLUL 1FDIWA

v Y
WlanuFugezdanalilsz@ninmvesmsnanudaanns (Dogru, 2000; McKendry, 2002)
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RDF-3
JUN 4.1 dnbaznanenIMYoureINaIey RDF-3, RDF-4 1ag RDF-5

H F4
A13199 4.1 Nﬁﬂﬁﬁﬂ‘]&l'lﬁhﬁﬁﬂ%iﬂ'lEJﬂ'IWGUENL‘d]fE]LWﬁQSUEJZ

Mines RDF-3 RDF-4 RDF-5
mm%yu (%) 14.32 +1.32 1432+1.32 1432+1.32
ANUHUWUY (kg/m') 113 +2.11 55+1.01 560 +2.67
nademadlaomas (mm x mm) 60-200 10-40 ) 8 mm x L 30-40
94A152NOY (Yowt) WaNAAN 96£1.10%, NTZATHLALOUNITAT 4+0.50%,

NUIBIHS) © 1DINAIVEZNS RDF-3, RDF-4 118 RDF-5

Y E4 Y

% a a a J
MIUMINNDITUT AVUNINYDUFOINAIVEZ RDF-5 1ag01909a 101NN
Y 1
WIATFIUAIND (ASTM standards E856-83, 2006) WL W¥oiwavee RDF-5 Miunldluauide
Y < 9 ~ v g ' o
1 Wuldamanassvveademasvezsziani 5 w3e Densified (d-RDF) Aotfuves i
[ Y [ 1 = 4 [ A 9 v
Aunszuaums Tieglugmssauns uazliosdsznouvesiaaiivn ndinnnii 95%
U a3 ) @ O Aan o qaj wva
619 150a dmSunszurumsunasiinduiu auauianianeninaiu

= o v Y

] Ail a I A v A a (2 dy Aa
ﬂ'ﬂiﬁ’iuTLL‘L!‘L!GUE’NLGB’E]LWﬁQL‘]JH’Oﬂ’ﬂi]i]ﬂﬂﬂﬂ’ﬂuﬁ”lﬂig ﬂ?ﬂﬂ?ilﬂﬂuﬂﬁl%ﬂl‘waﬂ1141"’]11.!""’0\1

1 4 Y
=2 @ a

. qaj Aaan A Aa K a A dy dlt: [} g dy a o
Reduction W1 Unseninavuazaiealavunugungil tagiunmdudave usemainuns
o 9 dy A Aa ] ° ] v 1 g a I o YA A
FUANUI DU FIINAINUANUHUMUUA ¥9I91952HNUFomaInn Huwnairlviloendgiau

] -4 a < o I aan { o

Tnarudn 1 luszvunniu mamsgn Indsras ludnsaznu I duraldd§nseri

Y a [ dy a 9 9 1 9 A A A o 19 dy a A
InaunasamaaiosanliUdre danalilszaninmuosszuuiiad uaa uFamasivuin
I A A ] a 9 Yy A 1 Y ' 9
an wselanuruivguanll szldnarlumsgnIndd Tveeinedvernmialnaruiion
o Y a = 1Y = 9 9 o 1 o alay A Y]
Mmlinamsgaasnnuaumelumiuin 3dedlsiaaugavialvyilvdunlasanasau

WINBITY (Barp, 1988; McKendry, 2002)
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[ a [
ﬂ?ﬂNﬂﬂWiﬁﬂH"l"U'ﬂ\‘i %5“]58 1NN LAasAE (2553) msUsTYYUnNd
Aan o . . QIdy a & Y A v '
FWAFUIDY Fixed-bed down draft gasifier IaelH¥oInasvee RDF-5 39 14AT090AUMUY
. . . d! dy a A =W dy
(Briquetting machine) HUFDLNAINUYUIA @ 45 mm x 45-50 mm. YAANULU 11.30 % (wb)
] 3 1 a = = d’ 9 U 9
AUV UILUU 430 kg/m WU?TﬂWﬁLﬂuﬁ%‘UUUlNNﬂQTNLﬁﬂfﬁ Lummﬂmimﬂmmmmuiu
a M 1w R A c?z' zﬂy a S a I [l v A Yo
Lmﬂ;]ﬂimlluﬂam DNNUYDINAIVYL RDF-5 uﬁnuvmmlﬂdwamﬂﬂtﬂuﬁauiﬁmu lll@llﬂﬁ‘ﬂ
% Aa o a 1 a o a
mm%’au%ﬁaaumuaxmﬁm%ﬂﬂu ﬂﬂslf@\‘]V]”I\TﬂWiUl'ﬁaGU@Q@Wﬂ']ﬁﬂ’lﬂclum'lﬂi;]ﬂﬁﬂl N1IAU
VA o & a A a Y A ) o
IEVUADUBDIYIN ﬂﬂ!ﬂ']well@\illﬂﬁl%@!.wa\‘]ﬂWa@]llﬂ HUATNIUIDUAN
Ao e Y= A Y o w v & Aa
1u@1u3%EJum”lﬂﬂﬂ‘lg1Lwaaﬂm@mﬂﬂﬂumﬂ”lﬂslﬂ,%mmﬂlﬂz RDF-5 Glu
[ ) a ' ) dy a 9/ I [ 1 1% .
5$U1Jllﬂﬁclfw1ﬂ"]5u Tﬂﬂauuﬁgmm miu1!,°lfﬁlmmllumtﬂuﬁﬂﬁ’mwmlGluamslmz Blendlng
o Y [ Y o a Y = A 4%‘ A dy a 9
fuel i]%‘nﬂ‘ﬂiz‘ummﬁ%wgﬂ%u 'ﬁ’lll']iﬂLﬂuulﬂﬂﬂ'l\uﬁﬂﬂiﬂ’l‘WiJ'lﬂﬂ\ﬁlu Lummﬂ!f]fmwmhlm
[] a' dy d' ] 1 1 dy a a o Y 1 9 = 3 I
“1521EJL‘W3JWu‘wLmz%m:}wﬁzwawwmwmSl,umnﬂ;]ﬂim Gl‘t/rmimﬂmmmmu !,mzaﬂm]luu
o 1 J o . £ o 1 o W = dy A Aa J o
ﬁﬂﬁ?uﬂ]ﬂ\iﬂ’lﬁ‘]JE]Uﬂ\‘lﬁ'JEI\i (leed carbon) mtﬂuﬁ’mmﬂiy o LT@LWQ\?WN?]’WU@U?]\W]'J@Q
A Yy Y A s A va J ' o =&
LN@N’]UﬂigﬁJjuﬂ'lﬂW'lllﬂiJ L!,mfﬂzwENmaE]m‘iuauvmﬂmﬁuumﬂumwvﬁ (char) G]Niu
O Aany o a 4 [ 4
5$°U1Jﬂiz‘]J’Jumﬁu,ﬂﬁclﬁ/\h,ﬂ“]fusluwnﬂg]ﬂim Fixed-bed downdraft gasiﬁer DIUBITISTAINITD
A [ L8] = 1 a 9 dy a 9 a a 4
Lﬂaaumaﬂmw iNW1J’nm‘imuwnuiﬂﬂiﬁlﬂﬁmgwmqm%ﬁmmmuizuuiﬂmmﬂgﬂim
dy Y
uuvillaa
Y ]
HAAENHAULNNNIINNVDUTDING 0199 9317 4.2 Tasgaauiiania
k2 9
NENINYDUFOINAY RDF-5 Ifgmatdady (WC) ioimasmeay RDFS/WC  (50/50)  1az
dy Aa [ ~ =& = Y ay a o Y
1IN AINE N RDFS/WC (70/30) LEAIAINI1TINN 4.2 mmu“lmw LRI GEUS RINIGN Vl'l(lﬁﬂ'N?J

1 Ay a Y
WHTLLMH%@QW@LWﬁQﬁﬂaQqﬂ

H k4
3NN 4.2 Nﬁﬂﬁﬁﬂ‘hﬂﬁhﬁaﬂmﬁ ﬂ18ﬂ1WGUENL°]d5EJLW5\1

WA
madines RDF-5/WC
RDF-5 wWC RDF5/WC(70/30)
(50/50)

ANUHU MUY (kg/m’) 560 + 1.15 225+ 1.25 392 +1.35 459 + 1.50
VU9 (mm x mm) (P8 mmxL30-40 | 25x30 - -
—T (wb) ar"” 1432 £0.95 12.11 £ 1.21 13.21 + 1.04 13.66 + 1.17
AT (wb) ad” 8.21+1.50 834 +1.11 827 +1.42 8.25 + 1.48

vaowia ;" ar (% MC as received)

@ ad (% MC as air dry basis)
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RDF5/WC(70/30))

RDF-5/WC (50/50)

a

F4
A

[

51l

N4.2 anHUSNNNYNTNVDIUTDINAINI )

u

Der. Weight (%/min)

Der. Weight (%/min)

[ v o o v o
(o] — — wv o (o] — — wv
| | |
[ [ [
2 o
g :
By
..” es383Te
H wy |
5 RETXN .
l | {
| | | | 3 | | | |
I I I I I I I I
(e S S S S () (e () S S S
() [e%0] O <+ (@\] [ o0 O <t (@\]
— —
(%) WSoM (%) WSPM

700

400 500 600

300

200

Temperature (°C)

9
LI¥0INAIVL RDE-5

Y
% TGA vou501mas 104U ta

a 4
AUNTS

N4.3 Wang

514

G
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1) M3ANHINILRLAAMEMIANN3U (TGA) VIFRINAI WC
= ] 9 JgAa a 4
ﬂ15ﬁﬂH1ﬂ']ﬁfJfJfJﬁa"lfJ°ﬂ']\‘]ﬂ'JWlJﬁfJucl‘ﬁﬁﬁﬂTﬁ'JLﬂﬁW%ﬁ!L‘U‘U
<3| 1 g’ @ . [
Thermogravimetric Analysis (TGA) WUNISHEaIN1 N15aAaIv09HINIn (%Weight) Az 31
3’ o . [ A tﬂy a 9 a v o A =
N1TAAUIMUN (%/min) ﬂﬁl!ﬁ'ﬂ\iﬁlu Eﬂ‘ﬂ 4.3 Iﬂﬂl“ﬁ@LWﬁ\illﬂJﬁlJﬂ'la‘]JﬂﬁﬁU 1130 WC UNITLAN

Y [ 1 A A A a & o A
AAWNINANUIDU 2 BN Iﬂﬂﬂ)")\?‘ﬂ 1 ﬂﬂﬂ@ﬂ!‘ﬂﬂhﬂizmm 200-294 °C FuJuUnN1saaIsnIie

U
=

Y ]
Idsuanuseuvesmsnquislivag Tad Tasaziimsgaderimviiniszue 17% wazyiah 2

LT

E4
]

o A a = S @ I @
%zﬁmﬂqumwauﬂizmm 385°C Tﬂﬂﬂzuﬂiﬁqmumﬂumuﬂﬂizmm 55 % Wumseaaioan

A Yo 9 ' o YR Ao ] - A
lll@ulﬂ3“?’]3’]1]3@1!3]@\11115?1@1]“]5@1Qiﬁﬁ’ ﬁ’]ﬁiﬂsﬁj\ﬁﬂuﬂ13ll@ﬂﬁa’]ﬂﬂ’]\iﬂjwuﬁﬂuuﬁlﬂﬂfgﬂ o

a

3‘ v A g { & g ] '
ﬂizmm 70% VOIUIHUNTUAU I@EJ‘W‘]JﬁQ‘mWﬂSJ 410 °C “ﬁ\uﬂu‘lﬂ\‘lGU’E]\?ﬂ15ﬁ'ﬁWFJ"U'OQ’ﬁ'I§ﬂQ3J

U

a a IS ' £ o ¥ 9 a (v
aﬂuuuazﬂawamwgﬂumu C]NL‘]J‘L!aﬂ‘]elﬂwﬂJﬂQﬂﬁLLﬁﬂﬁﬁ1ﬂﬂNﬂ’ﬂMi’0u"lJ’O\‘IUliJQﬂWa’iJG]ﬁ
Ay v Y 9 = A o = DX A
Nﬁ‘ﬂllﬂu’d’ﬁlﬂﬂaﬂﬂﬂﬂﬂ1iﬁﬂblW]N'I‘L!iﬂ (Barneto et al.,, 2010, 2011) IMNUUDILUUINISINY

a = 3 ' g’ o A = A 1w
Qﬂlﬂ@}lﬁ\iﬂ\i 500-600 °C ﬂ‘wmmmuﬂmmﬁﬁ"luumigﬂaﬂuuﬂm Iﬂﬂﬂ\?‘ﬂl‘ﬂ'lﬂll 20%

U

o %

{ a a J.
u’lﬂuﬂﬁﬂaﬂ!ﬁa@@ﬂuLlﬁ@\‘lﬂﬂﬁﬂuﬂlﬂuﬁ’lﬁﬂﬁa’lﬂ@'ﬂqﬂﬁﬂﬂ NYAUNYUYAULA Zﬁ'ﬁﬂuuﬂ%ﬂﬁ

v
1 A

adludomasld (@eandeatual % A15usUAINI HAL %I fTlA1 ~ 17.19% uag ~ 2.74%

u

a1y uaad 13 luasan 4.3)
2) MsAn¥IMIPREAAIEMINNNTOU (TGA) VBUFRINAIVEZ RDF-5
9
) (% a <3 1 ]
F1U 1IN VEE RDE-5 AU IMIUANTaI8NIanNNTou 2 %29
] [ [ 1 <3 [ b [ 1 [ 1 Y]
ruReIN tazuenNnuegaviu laFanumn Faudasnimsnauiuszrdedag 2 nquyan
Yy v A 2 a J a A dy a
laun 1) nguwaniillumsietivag Taa vazaag lad uaz 2) NGUWAIAN LHBININIFOINGS

~ J a  d @ ~ a A do
Yy RDF-5 Uosnalsznevvosnaraanduvan (~95 %wt) HASHIAENITSATHLAZOUNTYING
v

[
1 [ = = o £

3 I J [ Y a0
allu']ﬂlaﬂlllu’ﬂ\iﬂﬂjgﬂﬂ‘llﬁ@Q(N5 %owt) ﬁTWﬁ‘JJGluGBNLLiﬂVIQﬂmng TUMITFUTIUINUN

Uszunal 40% miu@maa1tmNﬂ’;m%’amm?n@fuﬁqmwgﬁﬂazmm 200 °C 1azdegaLeai
Y

a o [ @ { 9 {
gaUNQN 395 °C cmamw dﬁaﬂﬂf{mﬂumqmﬂmﬂamammmﬂﬁrﬂu"lﬁ ANSVY NN A0

q

T
Jugran ﬂWi!mﬂfff’ﬁﬁl‘Vﬂﬂﬂ’Nlﬁ’E]’L!iﬂﬂ‘ﬂﬁﬂ ﬂ’é)‘l]i gUIU 60% mmumumimu 'W‘U“I/I

o—

UNANYII 400-420 °C mutﬂummLﬂumiﬂ@aﬁmwmwmaﬁﬂ (Dalai et al., 2009)

Q U

wmmﬂuuwum ’Lﬂ“ﬁuﬂi] 11?11‘?]\1‘1/]‘]Ji U 20% L!JJ’Nf]mWﬂ 129D \1

U U

a

600 °C meﬁqﬁ'aumﬂumwﬁamﬁahlﬂmﬂmmwnnﬂmagaﬁumamﬂuwmwm RDF-5

U

J @
(% MTUDUAINT LAY %Lﬁ'] A1~ 8.3% taE ~ 10.15% AUAIAY Llﬁ@\‘]llﬁéluﬂ'ﬁ']\iﬂ 4.3) Wa

v Y
H&Tiaoande R UMIANETARILL (Dalai et al., 2009; Galvagno et al., 2009) fittaaa it

a

Y ! A YA Ao
RDF-5 Usznou lidredrundosaars languugiidwazgumngiye

U
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4.1.1.2 wamsAnaNTAMIUANvaABINAS
msAnEIaNITANINATUUYINAIVEL RDE-5 WC RDE-5/WC  (50/50)
ay RDF-5'WC  (70/30) Ysznoulidae arnudeu osddseneuuuvilssuia uay

4 a [ A a a M Yo dy
’éNﬂ‘IJi%ﬂf)‘ULL‘U‘ULLfJﬂ‘]J'iﬁﬂﬂl‘mﬂ aataaalu 15199 4.3 LLﬂ%f’)‘ﬁ‘U'IEJNa”JLﬂ'i1$ﬁllﬂﬂx‘lﬁﬂvlﬂu

A = wa Y s a L a
A1TNN 4.3 Naﬂ15ﬁﬂﬂ’lﬁllﬂ@]ﬂ1”@@ﬂﬂ§$ﬂ@ﬂ1ﬂ1\1lﬂllGU'ENLGHE]W‘IEN

a 4
WaUAIIEH
319MT ‘V‘Hiﬁjmﬂi’ RDF-5 RDF-5
RDF-5 wC
/WC(50/50) /WC(70/30)
manudou (Mikg) ar”’ 2247+1.12 15.53+1.89 19.01 = 1.45 2038+ 1.35
oufilsznou Anudanug (MIkg) ad” 24.91 = 1.45 1635+ 1.56 20.63+1.72 2234+1.85
wuuszinm AITLNY (Wi%, db)” 81.57 +2.45 80.17 £2.57 80.87 192 81.15+1.87
(Wt%, db) AT VBUA (wt%, db) 8.3+ 1.41 17.19 + 1.41 12.74 + 1.41 10.96 = 1.41
181 (wt%, db) 10.15+0.01 2.7440.01 6.44+0.01 7.92+0.01
M3V (C) 5520+ 2.11 49.93 + 1.41 52.57 £2.05 53.62+2.11
, laTasion (1) 8.76+0.12 8.05+0.23 8.41£0.25 8.55+0.25
o9nlsznou
TuTlasiou ) 0.71+0.01 0.52+0.01 0.62+0.02 0.66 = 0.04
LUVLYNTA » >
Fales (s) 0.77 £ 0.03 0.09 =0.02 0.43 £0.02 0.57+0.03
(W%, db) =
29AFIU (O) 24.41£0.11 38.67+0.22 31.53£0.24 2821+0.27
Generic foﬂnula CH19500.33 CHI.‘)]OD 97 CHI QIOO 44 CHI 9000 A0
519 Tangntin ozgiitiion (AD 5.054+0.30 1.056 = 0.02 3.055+0.15 3.855+0.13
sndan unnFon (Ca) 33335+ 0.30 4.838+0.20 19.086 % 0.50 24.786 + 0.50
TI9AABTY TsuamFon (K) 3.195 +0.21 6.596 +0.01 4.896 + 0.01 4216+ 0.01
(g/kg, db) Tasi@on (Na) ND® 2.170 £ 0.05 1.085 % 0.02 0.651 =0.02
wundliFon (Mg) ND 1.210+0.03 0.605 +0.02 0.363 +0.02
Woawesd (P) 2.985+0.12 0.959 = 0.02 1.972+0.21 2.377+0.20
Fanou (Si) 23.966 + 1.20 7.196 +0.52 15.581 £2.25 18.935+1.25
Tmifion (Ti) 4.505 +0.22 1.546 + 0.04 3.026+0.11 3.618+0.11
Man (Fe) 18.708 + 1.35 ND 9.354+1.35 13.095 = 1.43
Tasifiew (Cr) 0.130 +0.02 ND 0.065+0.02 0.091 + 0.00
1lson (Hg) 0.131 +0.03 ND 0.066 + 0.01 0.092 +0.01
Hunna (Ni) 0.333 £ 0.01 ND 0.166 % 0.05 0.233 +£0.04
Az (Pb) 0.139 = 0.02 0.040 = 0.01 0.089 +0.01 0.109 = 0.03
uaaiion (Cd) 0.003 + 0.00 ND 0.002 + 0.00 0.002 = 0.00
N94A4 (Cu) 0.325 +0.01 ND 0.162 +0.04 0.227 +0.03
139MHd (Mn) 0.383 +0.02 0.680 = 0.01 0.532 = 0.05 0.472 % 0.05
danzd (Zn) 0.753 £0.02 ND 0.376 +0.02 0.527 +0.03
Tuseu (Br) 0.023 + 0.00 ND 0.011 = 0.00 0.016 = 0.00
AARIU (CI) 6.915+0.51 1,355+ 0.24 4.135+041 5247 +0.45

vimewie : " ar (% MC as received)

)

ad (% MC as air dry basis)

? db (% as dry basis)

“ND (Not detected) (Limit of Detection =5 ppm or 5 mg/g)
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Jd
1) aandszneuuuulszuias (Proximate Value)
= 4 dy a [
NaN1sANEI109AsE VLUV SE NIV VO UFDINDIVEL RDE-5 AdLLEAd
d‘ 1 zﬂy a =\ wad'd 1 zﬂ' = [ Y dy a Y Y 1
Tu @1519% 4.3 WU ¥eIWas RDF-5  dpaautananiuiofeuminudomas ldaiua
waeu Taedininnudon (LHY) uazdSuaesssmegand Ap 22.47 Mikg uag 81.57 %
o w A = = [ dy a Sh:'d 1w o w oﬂj dy 1
ARy WerlSsumeunuwemas lINT (mMiny 15.53 MI/kg 1ag 80.17% Aua1ay 19t A
9 A 1 dy @ A dy a = a I 4 o
ANNTBUNYINNH dWioNMFBINAIVsz INa1adnilueaAszneuran (Narukawa et
al., 1996; Piao et al., 2000; Caputo et al., 2002; Diaz et al., 2006).
1 9 dy a Y < ' a Y Ay v
MaNuTouveuFama uaaaliriuilsSunaanudeunldannsen
Y A 9 ~ ' 9 o q U ' 9 Ao o
lud nFenasnuidaatldesoonuvazimnlud azgnih Imduuvasanudoundianglums
Aa Aaaa = a 9] dal a o Y 4 A g Y v
malnsegamalilumrdaunsdomas naziliesndseneundumsszmelasuanu

v A9

9 { I %) g a 1 I g a 9 4 a
Founlasuglliduunmyemas ed1elsnagemaavey RDF-5 dalidedns ioaninidsuia

Y A 4 o § a 9 I gy 4 a A 9 o Y a
BN (<10.15%) WenlFoviisunuremas 1 (~2.74%) NetiFormdaniiiigeazi liian

4 4
v K

1 9 [} A 9 o = 9 Y o 1 = ] [
F2UVADUNI9GI0TN (HBIINA IR INTANd 1000 1T UM LAz ioonTsiums 1z aj
) Y { [ a 4 v S I
awsnindwenanszuu Idiu idnazaueglualjnsel azvasudaiudeunaeiuid
A YY) I 9 1 a [} 2] A A
Waow (slag) enasusaudnuwiudouvuialvngvzlaresniens lvavesuna niofn
~ 1 < =& 1 a [ 9 .
Fon 1132 DU gnUden (block) B9z luamnsoduszuuae 1114 (Arjham etal., 2013)
Y Y v
FMTUFoINAINaNTTHI19 RDF-5 uay iFomnas idu Adaaiuaien
[ { I~ 1 4 a . 1 ] a
Fam319% 4.3 uaaa 1 MINauFomas (Blending fuel) 3 iaiusisandSunandiasld
% o w { [ a )  an n'/
Feazannioud luilynuazdedinaneasuilynudmasnlums@ussuuunadinduld
= & A dy a 9 A A o i 4 @ =
onilszmIniieae Womas I ¥io WC Idad1uv03mIsuoUAIAIF (~ 17.19%) FINTHEN
& a o 4 A o J o . 9 2 a A
oA umsiiydaaIuveIA15 VO UAIAIGY (Fixed carbon) 1 gaUUINIAY AD RDF-5
[ 1 4 Y] [ [ 4 [
(@ATIUMTVOUAIATY ~ 8.3%), RDF-5/WC (50/50) (AAaIUMSUOUAIAD ~ 12.74 %) LA
o 1 4 @ A 45/ A Aa 4 Y] A ]
RDF-5/WC (70/30) (7AeIUAITUBUAIAT ~ 10.96%) 1BIFDINAINNAITUDUAIAIFI 1HBHIY
Yy v A s A A va J ' P &
nszuaumMaE lud udrvgnaunaeasvounguantiaiuoums (char) Feluszoy
[ q'; a 4 . . 1 4 4
nszuIuMsunagilndulunlfnsal Fixed-bed downdraft gasifier 01U%1592 A 1015 01AADU
o Y a Y A 4 2
faaldde szanunsaduszuy ldiadesungavy
Jd =
2) asnszneunuunenSinasig (Ultimate value)
Y
HANIAATIZH IR 1TZ A VUUVUEN TN VDUFOINAIVEZ RDF-5 WU
a A 4 1 dy a 9 £ 9 [ a 4
HlSumsigmsvou nazsig lalasnuganan iyomas il FedoandoanunanIs A1z H

J A ' dy a = a  of J [ = a
p9nlsenaunuulssum LuﬁNﬂ'lﬂ'J'lLGIf’é]!,Wﬁ\‘1"1]ﬂ%ﬁJWﬁWﬁﬁﬂlﬂu@ﬁﬂﬂigﬂﬂﬂﬂaﬂ BIWATAN
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1 [l 4 4 I o 1 { I (7]
daulvg Aeens laTasmsvou msveuuas lalasnuwiusiguaniszgnasuldidlunne
dy a aaa =1 )  Aany q'.: .
womad lasgnsegariall lunszuiumsunadilingu (Caputo et al., 2002; Diaz et al., 2006).
' I dy a = o 4 ' dy a 9
619 15N@ 1WeIm@svez RDF-5 isigdalesqe ndusemasll we
= Y1 A A c; =) = (% 1 a a a o o [
uane I NHFuadn winSeufeunuauiuigiueg (~ 0.7 - 4.0 %wo) dM5SuRans
a L4 o zﬂy a dy I A A
W1 lavigniin luyoinasves RDF-5 wunisiuileuman (Fe) ganga Av 18.708 gkg
k4 Y
Y a v W [ [ J
94 ¥1IND1BIMUMITIABUAY 20 F1TOUATIAINDIANT The Agency for Toxic Substances
and Disease Registry (ATSDR, 2003a, 2003b, 2003c, 2005) (8UAUN 1 As, DBUALTN 2 Pb, OUAL
v A Y| Pl dy a =\ v W
AuN 3 Hg uazouauh 7 cd) agllai Wemaswez RDF-5 §Tanzniinduasie awsiens
a A A uazl dy 3 1A A dy ~ <} Y 1 u’j S 9
3 ¥HUAAD A8 Pb Hg ttay Cd Metmiunilsmamsduilowsuantioamiiuuazinioy
I 9

nMAIATgIUneg Isddmuadmsusoinas RDF (A11a5514 RDF w09y 151 Cr < 0.2
g/kg, Hg < 0.002 g/kg, Pb < 0.02 g/kg, Cd < 0.01 ttag Cl < 50 g/kg) (Nithikul et al., 2011)

0911 dy | = [ ﬁy a

nefl manfSeufeunuunasgiuveusemacvezvelszine Ine Tag
Yy Aa v A Bldy a I dy a a A
919DININITIUVRINGY T530Ugad AT uN TdFamasvez i udomainaunurodsa Ao

a o a o a 4 o W
U3HN SCleco Services Co., Ltd Moldusimijusuud Ing $10a (un19u) (SIAM CEMENT
a v == = o w ~ <3 Y dy a
GROUP) uazu3sn fifile Indu $10a (TPIPL) 13190 4.4 1514 141 u¥eimasvee RDE-5
I 4 v a v A g o a =
Wuldamunasiniasgiu TaewunlsuaTavgminiilusuasio uaz Usuusianaeiu
luiRumndiviua
] 4 g a 1
Tud1uv9999AY T2 NO ULV VUINTIAVOUFDINAINAUTZH I

IJa

Y ' v v
RDE-5 uag toma 18 du ndadiuaian (15199 4.3) Tasldnsiunamudaa i uaag

a [

< 1 g a 4 a A 4 =
T a1 Mmsweausenas (Blending fuel) Taelsyomas s dfdsuadanles aaesu uay

o 1 o o @ A ' a g A
Tawzwuﬂmm A1 lIH‘]J‘L!G]’JNﬁlJi]$Mﬁ’)uﬂf'ﬁﬂiuﬂ'ﬁﬁﬂﬂ'NML%M%HW@Q?H??J@WHG],ULGABEJLWQ\1

] v
va A A [ 2

1 I Y
Fanoudnniliuesitmsdfiia Adeuldiui ldumsdamademasazeraluilegiulu

IiN"MQ@ﬁﬁ’iﬂiﬁJ
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1 Y
MINN 44 mmgmﬁumﬁmwawazﬂmm 3 (RDF-3) $1994910 SCleco Services Co., Ltd

o SCleco Services usEn fiile Twau RDF-3 ¥

AUAUDUN

: Co.,Ltd 31n@ (TPIPL) 1ay RDF-5"
Manuiou (Kealkg) > 4,500 >3, 500 > 5,000
Manuiou (Mi/kg) > 18,700 > 14,500 22,470
A (Wt%, wb) ar' <20 % <35% 14.32
AQDIU (C1) <1% <0.5% 0.691
Falos (S) <1% - 0.774
YT Tanzniin ¥ <1% - 0.222
% 19 - 15 10.15

nnawa: " ar (% MC as received)

) = ao A
wamsane luauiten

3) 2 o = ' o A ﬂ o
ﬂﬁll"lmiﬁﬁ&’ﬁuﬂ NUIUDI NATIN % wt ‘U'fNﬂ'q%Iﬁﬁ%ﬂuﬂVlL UHTOUATIY

ng dy a [ 9J a O Aan o‘/ [V

natlunszurumandandsnulaglsma Tuladunadingu Igansveslany
wﬁ'ﬂdau“lmjﬂzagﬂmﬁﬁ (Marrero et al., 2004; Vervaeke et al., 2005; Kwak et al., 2006) ”fllg]fﬁ/ﬂi
Y] 4 1 3 9 1 1 1 v o =
Famlasozegluzll SO, (andee) uazeglugll H,S V19dIu dIUVRIIRTNIVDIAABTU 929N

= 4 3 dy Y a d? Qo’ a
Lﬂﬁﬂu@ﬁﬂﬂigﬂﬂﬂﬂlugﬂmﬂﬂﬁ1§ HCI 'i/]\1‘LWI1ﬂ{luﬂi$‘U'JL!fniLNTleNLﬂﬂ‘lJuf’Jﬂ!{]N@nﬁ]&ﬂﬂ

q

] ]
=1

J v J a a A Aaa = a J
ﬂ”ISWf’Ji‘JJﬁ’JL‘]Juﬁﬁ"lﬂ’t’)ﬂﬂ“Bu ﬂ”liﬂ’)‘]Jﬂ‘JJﬂTiLﬂﬂ“lﬂﬂ@ﬂ“BUﬂﬂﬂQ’ﬂ A9 NITININYUNHUFINI

q

oA I { § a 1
850 °C Taemwizodnssanuiluaisniimsduilou vzdoaldqunigil gand 1,000 °C (Malkow,

2003)

2
=

& awv I ° a v yq ¥ a 9 A
G]fﬂuam’mau Lﬂuﬂ?‘iu’lWﬁ’lﬁiﬂ!ﬂNﬂﬁ’lNﬁﬂuN11%1WLﬂﬂﬂ1iLW1th3JGUU$‘V]

1 @ 2]

QuUHNFITIWAUNTZVIUMSUAF AT Famniszilumungufuazd199emuauiden
] ddyl 1 a Y <= 2 o w A
Huuna Tu Tagtissaanmsianassuainy 188 aziiludnuuimaniesmssidavez ian
1 a A Y Y 9 :JI dy = o v 9
Pgmimsianddesuanudunadonlddosas Melisrwaunanmsiny gnivaneluiide

MIUTziuLaNyFUIAAONUDITLUY
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4.1.2 msanmaniAvosyarloaridena (Waste reject)

4.1.2.1 wamﬁﬁmgmaﬁﬂixnammgadaﬂmﬁaﬁa (Waste reject)
yarlovido (Waste reject) ﬁamymﬂzy,avlafmﬂﬂﬁxmuﬂﬁﬁhuﬂﬂﬂi'?uwé’q
voeszuuthiavezAe35MsuuwFanatazdinin (MBT, Mechanical and Biological Waste
Treatment) 494AUILNOUNAINNAIY 01N IHHWAAAN AHATLAY LABAN 819/1174 ey Tane

a A d A [ A
IWHOUUNTY 199 AT NN 4.5 uaxmuﬁmiu g‘ﬂ‘ﬂ 4.4

A s 1 A Qy .
MINN 4.5 @\‘]ﬂ‘ﬂigﬂ’ﬂ‘ﬂﬁNﬂluﬂgjﬁvjﬂﬂmt‘lﬂﬂﬂ (Waste reject)

paR1l3znell daaIu (Wt%) NUBLTE)
IEWa@An (HDPE, LDPE, PE, PET, PS) 68.76 £ 2.11 e Ingd 18
IAENEANY / IAEENA / 1AyAeuily 13.21+0.15 wn Tt 18
1A 2.99+0.25 wn Indila
IABENY 1119 2444012 wn Tt 18
ey lfunadn 2.36+0.35 wn Tl 18
wpozgiiionosn 732+1.15 ' Ingd Tl 14
ey Tany (a3e, Faned) 1.41 +0.24 i ndl a8
IAHAY NTIA U 1.10+0.12 o Tt 1314
LAY 0.41 % 0.04 i Tt 118

100 30
O
- 80 s g

°\° €

= 60 20 §
= aa
540 + =3
B - 10 ™
20 + &
BN E
0 fpesatt I- .......... :-' %ee } } 0 E,

200 300 400 500 600 700
Temperature (°C)

ANHULNINYNN Thermogravimetric Analysis (TGA)

{ o Qy a 4
JU 44 dnyaznemenmuoyareuiaona (Waste reject) AZWaIATIEH TGA
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Y 4

WwelienlTsufioun1unauiuInTgIuues ASTM  standards  E856-83

' 1o I 4 a [ 1 { ° 1
(2006) WU Waste reject s uiuisomasve: (daadr1uiiwInil1ad1na1 95%wt

S A

4 S J (IR J dy a
penlsgnouranvale uag Teuuniddziu) vaz lumunaiuasgrusenasves lu

Yy a A

Uszma Ineluilagiiuguiu (81989010 M15190 4.4) Gana1? Waste reject d9dnagniinlal

sdalugriuziifluvezyadesligadesamundnimmsdely  ed1elsnamiula

U

s ' ’ . v ~ I Y & a
@Qﬂﬂi%ﬂ@ﬂﬁ?uﬁlﬁiyﬂl@\i Waste reject Lﬂu?ﬁﬂﬂﬁWNWﬁﬂlWWq‘WNqﬂ LﬂuWﬁT@]ﬂ 69% 030311

A =2 A Y A ° o w Vo A o o
ApNIzAY 13% einun Tunszawnsmhuniidaniugiumswaanasanu 1a
4.1.2.2 MsfAnIMItesaaIan1aNNNIeu (TGA) Yo Waste reject

) o 1 Y ya a 4
ﬁTVii‘]_lﬂ15ﬁﬂ‘]°:l'lﬂ'lfiﬂ@ﬂﬁa'lfJ‘V]']Qﬂ')'lll5@‘14%81“]5’3%ﬂ']5'3lﬂ5']3ﬂul|1|

Y Y
Thermogravimetric Analysis (TGA) UAZUAAIAIHAVDINITAAUININUALDATINITAAUINIIN

Y

@ 1 [ { 1 1 o o 1 9 v :
YDIAIDYY (muﬁﬂﬂugﬂﬁ 4.4) WU H¥NTanaueiviin 2 ¥198280 U FaaaInans
[ 1 (% 1 (% 9 1 1 1 a 9 [
HAUNUITHINITG 2 DUKan llﬂl,!,ﬂ ﬂ’q@J‘W’JﬂLGBaQIQﬁLLﬁ%ﬂQNWﬁWﬁGlﬂ (flﬂ’ﬂllﬂﬁ?ﬂﬂll

Y v v Y
IFINAIVEY RDF-5) A1 ulusissniigargia ssimsgapdeimiiniszuia 30% ms

u
'
a =<

9 A 9y A A {
Lmﬂamﬂmﬂﬂmmau%Liuﬁuﬁqmwguﬂizmm 200 °C Llagﬁ\‘ﬁ!ﬂﬂ@ﬂﬁ@m?fﬂll 275 °C %3

Q U

1]
Y o o ' = ]

Qdy Y ' @ { o | A
Qmﬂgﬂ\luﬁ@ﬂﬂé}ﬂﬁﬂﬂ"]ﬂ’)ﬁﬂ'lil!@]ﬂﬁﬁ?t’l"llﬂﬂ’)ﬁﬂﬁlﬂullu ﬁTHTlJﬂfﬂﬁﬂﬁflﬁlﬂuﬂﬂﬁﬂhﬂ'lill@ﬂ

v Y v v
aaeneanuseunIniiga Aolszuia 50% vouhminsudu nulgungise 350-460 °C

U
4 Y

[ dyd ] A d ' a Y o ' o o
°])”NuLﬂuﬂi’Nﬂ!ﬂuﬂWit’lﬂﬁlﬁa18ﬂlﬂﬁWﬁWﬁ'@ﬂ (Dalai et al., 2009) HaIINUUNUI UTHUNUD
[} 1 . S d‘d’ Y a = a oy 9 d‘
AIDYNN Waste reject UAIAINN 20% LNUINYUNRHNITFIDI 600 °C USunavesimidng
A |dy = ' A d a adaa v . A ngy 9 o
waqmaaaguuﬁmmmumLﬂumiauumwmgiu Waste reject Nﬁﬂllﬂuﬁ’ﬂﬂﬂa@\‘]ﬂ‘u

A3ANYINFIUNT (Dalai et al., 2009; Galvagno et al., 2009) NtaAd 11711491 RDF 130 Waste

. 4 v =8 ya Ao a
reject 1sznou ldredmndesanie ldngungiiduazgurgiig

QU U

=3 %

HAMSANEIUANTANIINENW nuUlsza uazuuuuensig agyl 13

d' o [ A a Y . d‘d 49) d' dgj 1 YA
13190 4.6 ﬁ”l‘l’iSﬂﬂmﬁﬁ\l‘]_lﬁTINﬂWﬂTW’O‘ﬁ“]JTEJ]lﬂ’N Waste reject AUANUFUNNUVUAINA I

Pl
=

AANUAUUUGIY
4.1.2.3 wamsanvgaauiamaniivesyarloamaofia (Waste reject)
d
1) esndsznevuvuilszanas (Proximate Value)
A s , ' X Ay v 0w
1109910 09dsznoudIulnaves Waste reject 91 lauainlsaiiia
g a [l
YYZNNAUALFINN (MBT plant) 1T umaradin 69% 5090911A0n0T2A1Y 13% 9dIna
. A a A A o A Aa ™

Waste reject 3J‘]JS§J”I£1!€‘T”ISS$MEJ€IQ (~ 89%) Waeufu¥amasrInIan i (Raveendran et

al., 1995; Arjharn et al., 2012)
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k4 4
v A

1 [ 1 4 LY U
M9t WU Waste reject NAAAIUUDIAITUDUAIAIZINGT (~10.87 %)
) 4 1
HoNeUNUIFOINE 182 RDF-5 (~ 8.3%) 11199910 Waste reject UNTZA1Y HAZIABFINIAA1
< s A & Yo Ay P o & 1 A gy & & a
Wueenisenou Fududed iHosnle asuounead tudrungrelmileyomasniu
9y Y A 7 A A wa d ' s £
nszuaumMaE lud udrvgnaunaemsvouniinududmiuniuans (char) Feluszuuy
[ o a 4 1 4 4
nszuIuMsunagilindulungnsel Fixed-bed downdraft gasifier 0141592 A 1150IAADU
[} Y a 9 = Q' dg}
faaldde sxanmsaduszuy ldadesuingay
Y 1
UONNIUTINDIAINIIN D UVDY Waste reject HiA1F3 (23.93 MI/kg) ¥4
3 v YA 1 1 dy a a .
Wudiiswenanuawnsalumawn ndiiagenindemasdinoga (<20 Mi/kg) (Arjharn et al.,
2012) 1A Waste reject 71 10910M3ANEIDU (21-30 MJ/kg) (Nithikul et al., 2011) AANNTOUN
dy I a A v . & A 9
gatiornilunan191n13uuved HDPE uay LDPE Niodly Waste reject 341A1ANNIT0U
o w . 1 <3 [ Aa
Uszana 45 uag 40 MJ/kg MMUSIRU (Montejo et al., 2011) 9819 lsna1m wudsuiaudigs (8
4 Y] c; a 4 3 v 0 v
Wt%) LAZAISUBUAIAIAT (3 wt%) HaveIn15ansiznuuudseuavemduieinlusering
Aa o Y v & A A . A A FY =
MaauszUUIuTuIzdoasy il uniabitionnly Waste reject UUTuand1ge Tagl
= "9 a 9 1 =] a 9 [ Y
msfnmuNSInsuaigani 5% sl Temanamdvasnialuazgaduluan ladwe
(McKendry, 2002; Arjharh, 2013)
Jd A
2) asnszneuuuuNenIINas1g (Ultimate Value)
a 4 Y I 1 o I Y]
M3AnTIEHIUDLENTIaUaaliiu 519asuou (C) Wusgwran
T Waste reject (~ 59%) 5898391178 1a1aT1aU (~ 11%) 1119491131 Waste reject HWA1AAN
I 4 o & a 1 1A 4 =1 o o [
Wuesndsznounan Fanaradndiulvgifioas lalasaisuou 519 2 519 Junumdingyse
a [ g a ¢  Aan o'./
MINAALNEBINES TUATEUIUMTUNEFIIAYY (Caputo et al, 2002; Diaz et al, 2006;
Arjharn et al., 2012)
9 o a o o . Ay
FMTUNaNITAATIZH laveriinlu Waste reject wumsvuitlouvos
. 91 . = o Ay 1 @ £ '
Y94 Fe Cr Hg Ni tag Pb 119111 Waste reject azi Tangninluiloued luseduniia uans
o I o a ) [ Y Any ) o Y J o 1 dy
udagaudmiunszuaumsunadilinguazinlvmsilanildesves Tareniinimanil
1 A v 3 9 Y & A
aﬂﬁQ’E)fJNiﬂﬂLu@QiﬂﬂQﬂﬂ‘iJl,ﬂ‘]J]l’ﬂuLi]”l (Marrero et al., 2004; Vervaeke et al., 2006) 6aUN13

s1eauniia inudesmuavesnisglsduazemwsinm dmSumsilanay (Pinto et al., 2008)
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MINN 4.6 NamiﬁﬂmﬁnﬁmmgaNaﬂmﬁam (Waste reject)
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3193 nnes HRATIZH
Al AT (wi%, wb) 10 £1.02 25+1.08 40 £1.42
, s 272.17 353.54
NNMINN ANMUHUMUY (kg/m’) 190.80+ 1.44
+1.56 +1.52
YUIA (mm x mm) 5-110 5-110 5-110
AR (W%, wb) ar' 10+£1.22 25+1.54 40 £1.55
ANLAL (wi%, wb) ad’ 8.18 £1.20 8.18 +1.32 8.18 £0.77
MANusou (MIkg) ar 21.93+0.24 18.27 £0.15 14.77 +0.14
parlsenou MANusou MIkg) ad 23.60 £2.14
nuvuilseana ITLNY (Wt%, db) 80.80 +2.78
(W%, db) AT VOUAIAT (W%, db) 10.87 +£0.15
181 (Wt%, db) 833 £0.43
CRGHEERNY Miueu (C) 59.11+0.13
upvuilszana laTasiou (1) 10.76 +0.05
(W%, db) Tulasau (N) 0.73 +0.04
Fawles (S) 0.10+0.01
519 larigHiin pzqiltiiay (Al) 3.224+0.03
sadan lail uAQLFeN (Ca) 53.722+£0.01
HaYTIAADIU Tilsunanien (K) 1.59 +0.03
(g/kg, db) Woawosa (P) 1.684 + 0.04
Fanou (Si) 7.852 +0.06
Tidion (Ti) 7.124 £ 0.04
1Man (Fe) 1.597 +0.09
Tasliew (Cr) 0.093 + 0.00
50 (Hg) 0.080 + 0.00
unna (Ni) 1.165 +0.02
mf% (Pb) 0.069 +0.00
uaatiion (Cd) ND
AaIU (CI) 5.092 +0.08

) .
nawia ;" ar (% MC as received)

@ ad (% MC as air dry basis)

Y db (% as dry basis)

“ND (Not detected) (Limit of Detection =5 ppm or 5 mg/g)



130

= = tg
4.2 HAaMSANHUTDYTNINUDINITHANNAINHIINTBINAIVEE RDF-5 NUSLTUY
w Al
unasWntY (C-G)
= v Y dyd Y o w 9 dy a Y Aoy
msanu lurivedl ANY1 MIAATINNAVDINT 1HFDINAIVEL RDF-5 IUTLUUUN AN
o av g ] o a 1 o 4 a I
gy (udteillddydnual -G) Tasaudgiuin maiuemasiwiadszanldunily
dadunay ludnyae Blending fuel 9z sz vuLRadilingu eansoduldedruatosnin
A 4%’ A dy a 9 ] A é’ ~ ] 1 1 dy a o Y a
VINTIVU 111099 1AFDINAQ 13T DL F 1NN NUNUAZFDIINNTEHIUTINAS uazi1 ldnans
1 a A ¥ Y g a I~
mamanusou uaznamaw i lussuu laaseuu msanui ldsomauiu 4 Usznn lu
AINATDY 1D WC, RDF-5/WC (50/50), RDF-5/WC (70/30) az RDF-5 lagiinmsnaaeaui
Y
8931013 Imaveaufa¥emaaluszduaa 9 3 52U Ae 130 Nm'hr, 170 Nm'/hr
(ag 210 Nm'/hr
3 dy = v 9 dy 9 Y a
Wl wansAnp1vesiadeil Uszneulldre 1) msnszaedrvesquugilum
a 4 a 4 4 [ 491 a a Jd (a J [
Unsal 2) WalAIIzHiedRlsznoUveUNMFOINGS 3) HamsIATIEHUTIIBMTHazHY

a A a 4 { a [V 1 Y
4) Usg@nFmmmsnanunai¥einad (Gasification efficiency) A4518azideane 1

% a d
4.2.1 m‘snﬁzi)mmmmqmﬂgﬁlmmﬂgmm (Temperature profile)

a )

Y 9 Y
msAneIguugiveundFemaazsuvesgurginielumindaunadomas

P
a K

4 a aaa A A a 24 § a 1 @
L“Wdf]f]‘ﬁ'lﬂflﬂﬂﬂiEJ'IQTMWLﬂ1]‘1/1!ﬂﬂﬂluiul@ﬂWﬁﬁ!Lﬂﬁl%ﬂlWﬁ\? Mi%zmmqmw dl| Tﬂﬂ?ﬂ
4

UNYUN 6 FUANNGI AB T,, T,, T, T,, T, AT, cdﬁaﬁmmqqmﬂizazé’wﬁq (ANUFIN

e oD

AUVUAIAIGAIUAIIAT) 1NIRD 660, 1060, 1460, 1860, 2280 Laz 2700 HaAWAT AWE 1AL

a [ 4 a o 1 4 Y . . 1<
T@ﬂqmwgmmuﬂm%mm%Qﬂuuﬁmmnmgﬁmmaizuu Online Measuring System !‘lJ‘Ll

< Y [ A AN o < o (] a ~ :JI
MINUVBDYAADLUDINUDATINITINUAIDYIN 30 IUIN/ATI

F4 4

o A @ a a L4

MU ﬂTiﬂ58QWEIGI'JGUENQQJWQ?JGI,HLGHTJQﬂim (Temperature proﬁle) LGAREATNIAIGN

a 4 Aaaa %
19113911V Fixed bed down draft gasfication MUNHPVBAYNTO1QUMANVRITEV UL

any ) A A £ & 1 A a dgl <
FNATU Ao NITYLNIU T1-T3 Gmgﬂummqaﬁmwummgm ﬂiZU’Juﬂ'ﬁﬂlﬂﬂ"ULﬁ]Z!ﬂu

[ . a ~ 1 9 4; = I~/ [} ~ dy

BINVON Drying zone BUNHUIRNAIADUVINA folszunu 100-200 °C L‘}Jumﬁme%uGlu

4 a o w 1 1 { I Aaaa
ieInaIgni1daesn NTzezANgeTeHIN N3282ANNGS T3-T4 T4 Zone voalATen

. . . . ! A < { ' [ '
Pyrolysis W?'ﬂ Distillation FINQUNHU 200-500 °C ﬂl@ﬂllﬂl\?ﬁﬁ’iﬁ@@QﬂTﬂﬁﬁQﬁ]TﬂﬂTiN”lu

dydd 4 1 B o aa [ . .
NITUIUNITUNAD msuau‘lugﬂmu %mzmﬂgﬂmm"luhu Reduction (tag Combustion

~ 1 I ~ 9 3 Y A
HAZ NIZYSANUPITSHIN T4-T5 Lﬂuﬂﬂmﬁ@u@]ﬂ']ﬁlm']ﬁl@'] Lﬂlﬁ’ijbli] Heat Hearth ¥i15® Hot

U

a =

{ a I ] { ' T
Zone MAAINNTZVIUNS Combustion Lﬂu%ﬁﬁﬁqmﬂﬂﬂﬁﬂﬁﬂ UANTEHNIN 1,100-1,500 °C

u U Q
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{ ' [ ' [ {
naz N5zezANGITLHIN T5-T6 921 TUTI909 Reduction  Zone  uAa5ouNHILNININ

a 1

Combustion Zone ﬂ$ﬁ11ﬁlﬁﬂﬂﬁﬁ§m Reduction Tﬂﬂﬂzﬁqmwﬂmzmw 500-9000C

u

Y
S 1

I 32 o o 3 a A A A a AA ]
@EJNuliﬂﬂ AU ITULBDWAINUFDIIINUDIDINIANIN UIDBDLWAINUAITNUHUULUU

o a Y =% 1 9 a 1 dy a A 9 o
A1 ﬁ]glﬂﬂﬂ1im1vl‘ﬂlli’3m53 mimmwa“lmmwgmm Zone N g (FDINAITINID Vlllﬁ‘]_l

a

9 v Y zﬂy A Ao ] dy a o 1 a 4
ulll“V]@‘L!) az lun1ensaIn U FIRLNANUAITN T ULUUGN (IYDINAIDALNY DN nzareihaw
Y 1
DALUNY L%ﬂlWﬁﬁﬂlﬂ%éjﬂLLﬂﬂ ﬂWﬂﬁgﬂﬂuﬁﬂl!ﬂﬂ) @Qﬂ%ﬁ%ﬂﬁ??ﬂﬂl@iﬂTﬂWﬁﬁlﬂﬂ N1TDWBYNAIY
9 [ ' 9 1 Y A 42‘ a 1 Aa S 1 o
iau%mﬂu'lﬂamwm %mwaﬁlﬁﬂmwmummqmwﬂ"uﬁlu Zone A1199) ‘llf)\u@l'lﬂj;]ﬂﬁﬂlﬂﬂ'lgn

(Arjharn et al., 2012, 2013)

k2
a 9 a

3 dy v A Y o d' a [ d‘ z:i
netl el I deyaguuglmasninnsiauss uuaeiilos NszezANga
1 dy a 0911 d‘ a d‘ [ [ dy a u’j
A9 T,-T, VOUFOINAINT 4 Uzian NN5IAUTZUDNOATING 10N dIFoINaINg
3 52@U A0 130 Nm'/hr, 170 Nm'/hr 482 210 Nm'/hr MM IANNAUWUTIEHINNT

4 ad o 2 o 44
asuudasguuginnadyulue auszezanuge awaaslu 319 4.5 Faawisoagy

Y
gﬂzm‘u (Pattern) U®3 Temperature Profile 1&aano lail Ao
4 a I 4 a { 1 4 {

1) Womas We : dhudemaanianumuiuiuioes (~225 kg/m) Tiiuiuay

[ ' 1 g a 1% 3 @ Y a A 4 ] < <
%@Q'JWQ?$1’T'J’I\1L%@LW?IQQQ ANUU aﬂ‘ngfﬂiﬂ5$i]’lEJGI'JGU@QQNWQN%QLWN%U@&’IQi?@ﬁQ MU

a

lannAiszezanuge TI-T3 (1FUANUFIFNUUGAYDUAT) 1100 T1 Tgurgiimasaoudig
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3) L%i’)ﬁ/\lﬁ\ﬁlﬂg RDF-5/WC (70/30) : L‘Viullﬂgllfﬂ PAATIUVDIUBDINAY RDF-5
42} 1 Y 1 A dgl 3 & Y v A Y
UINVU ileNNﬁiﬂﬂﬂ’nuﬂunluulwuqxﬁlu (~459 kg/m’) BAFDAAADINU AD NITWIANNTOU
] Y a J a dy 9 v o 3 9 A A A
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4) 1FOINAIVEL RDF-5 : 11H23910TANUARUIMUUGININ (=560 kg/m’) NIN

o

AW5oUIN Combustion Zone #1180 Fehrldgangilugisusnaeudiediuin T1-12
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NNTEUIUNIT Combustion Lﬁ@d1ﬂ£ﬂ1ﬁﬁﬂﬂ§t’lﬂ!iﬂﬂ‘] 1911 (Higman & Van der Burgt, 2008;
Arjharn et al., 2012)
dyw = Y a A o (24 dy a A d?
uaﬂmﬂummu”lmw NITAUTSUY !JJf]’f)ﬂi”lﬂﬁhlﬁaﬂJﬂQLLﬂﬁL%”ﬂLWﬁQLW‘JJQQGIJH
= 9 1 Y a A d? 9 09/' dy A a a L4
vuurTauNnIngavgi luaes iy gavudie Matinisngangiluadnssige uay
< S a Aaaa = a [ dy a a 1
W’BJWHJTZﬂzlﬂuwaﬂﬁ@ﬂWiLﬂﬂﬂgﬂﬁfJ'l’QiLl‘H!,ﬂll UAagNITINALUNTLIBDINAIFUANING 114

Reduction zone (Arjharn et al., 2012, 2013)
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AagunIN (4.1)
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cC+0 - CO (4.2)

2H, + 0, = 2H,0 (4.3)
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52UUANTUNTLUIULAAEIAYY (Zainal, 2002; Vervaeke et al.; 200; Bhattacharya et al., 2007;
Arjharn et al., 2012)
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AunmassunmFonasinaala Tuudvesmstuioulinunma

o o A dy a =) 4 1 [~
dmiuMiyem@asvez RDF-5 wud Hdsmavesmisnazdugaunuag ludull

E) dy a A a Y A dya Y dy a [
A TU U UFDINA IO U ’E]‘ﬁ‘iﬂflulﬂ”ﬂ IHBDN mﬂmi‘wﬂamumﬂﬂmmwmwm"lwam”lu
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1 d' 1 Y a [} = 2K 9 =\ = Y 1 qaz’ d' YA
ABDIUDI mwa“lwmimmmu"lumaﬂi AIINMsAueenlasenss maiwnma‘lwaawm
di} a £ 1 Y a 1 o = 9 a 4 YA
wonds Fedawalmnanisneniuszuy Taena ldmsaudieenainaidinsal aas1dd
a Y A A "9 1 [ 1 9 ~ a 4 vAa di} a
ﬂim1miﬂﬁlﬂﬂﬂﬁi@1mu@ﬂﬂ31 FATIUIDINATUNITUATICUAU TV UAVDIUYDLNAILU Y
Y qul dy a o =2 9 dy a A [
sz (191 ~10.15%) N3U NANAYTIUDATINITAND 199N VOILTBINGY RDF-5 Uyauninu
{ @ (24 ng [ o w
22.31% 20.15% 21.46% (i:] ﬂ']ﬁNﬁ 4.8) 11!@@5'1ﬂ15ﬂ"|311’iﬁ‘1]@\1llﬂﬁ1/]\1 3 3¥AU fuaaY
& =3 9 o 1 09/’ v 1 Y A a 4 = I Yy
FINTTAUDTVTUIUUVDYAIT EN?Nwa“lwqmﬁualmmﬂgﬂﬁmaﬂm mmmﬂuﬁmﬁuwﬂﬁu

a ' L 4 1 4
Ysmnaduuazms Tuszuuge iesnnduuazmsgown Ind ladoe
4.2.4 UszanEmnmswanuda¥enas (Gasification efficiency)

a a a (7 dy Aa Y I =K A
ﬂ53ﬁﬂﬁﬂ’lWﬂ’lﬁWﬁﬁlLﬂﬁL“ﬁ@LWﬁﬂ LLE‘T@NGlmviuaQﬂammmmslumﬂﬂaﬂugﬂ
@ { 1 4 a 3 I 2] J a 4 I ¥ :
wasnunazauegluromasnds hhiduunadomasiamnsom Ind 1@ (Combusible gas)

{ a a a ] § a
Tuseuy C-G 15190 4.8 uaanalseanTmmmsHaauLne¥oInas (Cold-gas efficiency

a A a

1 dy a 2 Pl 9 |9
ncg ) ﬂjaﬂgmﬂizmm%amm C]f\“lﬁéﬂﬂ’lWﬁ'JﬂJllﬂ'ﬂ LL‘L!'JTL!?J"UENﬂﬁ&’ﬁ'ﬂ‘ﬁﬂ?Wﬂ’lﬁWﬁ@]LLﬂﬁ

v Y ]
A K =

g a 4 a 09/' Q' -4 4 Y] [ [
FDINAIVDIUFDINAIT 4 UTZIAN LNV 09MIINT IHaveunaiuIY Fiadoandoari

a U 9 (9 dy a v 9 A 09/’ dy = A
HAYDIPUN N HAAININIDUVYDILNETLTDLUNEA “lumeuaﬂmum ‘le‘luﬁﬁqﬂi"lﬂaw’ﬂﬂﬂblﬂ
E4
aago 11l
dy a A Ay a YA I dy A Aa @
1) wainad WC: Lummﬂwmwaﬂmamﬂuwmwawummmm:ﬁuﬂ‘u

)  Aan v = 1 9 a ~ 1 Aa A a Y dy a A
seuuunaFlingue BedwalimsauszuusuiEey wuNYseaninmmsHaaLnaFeImas f

[

k4 [ 1
s2AUAIIMI Inaveufmyemasi 210 Nm'/hr Taswui1 1, I 71.18% Feaeandeany
ﬂu%%&lﬁuﬂ (Zainal et al. 2002; Arjharh et al, 2012)

2) 1¥0INad RDF-5/WC (50/50) : WuNszanSmmmsnanunaiaomas n

[

@ (94 da' A A 3 < 9 A =1 o dy a 9
nﬂuamwmﬂwammme%’amaw 210 Nm'/hr afadtanioy LiJ@mEJ’Uﬂ“lJW@LWﬁ@VbJ Iﬂﬂ

Wy 1, A1 64.09%

v
a =

Y 9
3) 1¥BINAY RDF-5/WC (70/30) : WUNUseanSnnmsnaauddisoinag o

Y Y

Y] [ dy A A 3 [ £ d' = @ dy a
5$ﬂﬂﬂﬁ§1ﬂ1§ul°ﬁﬁ"ll’f)\1LLﬂZ‘THﬂ’JLWﬁQVI 210 Nm'/hr Q0398139410 “BQLN@W]EJUﬂ“]JL%@LW@QIbJ
Y

A a

{ ' 1 & o @
HAZIFRINAINANN 50:50  (%wt)  TABWIN T, A1 40.30% FeNaeAndodny Haves

v
o

o (94 dy a [ 9 [ dy A Ao
@Qﬂﬂigﬂﬂﬂﬂlﬂﬁllﬂﬁ!%’@!waﬁ (e AANUIDUUBDUNTLYDINAY NUAIA

=S 1

mshwarauuingeluszuy ¢-G azlidgielinsmugumngilumn

a ' 2 4 . o & a4 3
Ugnsaigeldedesinga Feezdwaldgunimvesnademas ingaaula
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dy a d' a A = [
4) 1 ¥DINAIVYL RDF-5 L‘LlE]\‘liﬂﬂﬂﬁlﬂ‘l&i%ﬂllllllllﬂ’ﬂlllﬁﬂEli AUNINLUNE

A A Ao = 9 Aa A a 4 dy A o ] [ 1
FoInaal@1un Waawa il se@nTnnnIsHAALNEFINAIAININIFUN Y TagnyI T]Cg

AN 4.8 AT UUTZANTMWAMTHAANAINUVDITEUY C-G

S5 AUNNUOWAT | s5zANTam

dasmsly | dasims - 5 -
52191 Flow 2 . M54 (mg/Nm’) MIHAALNE

P . FoInas naa Y g oo
WeIWae | (Nm'/hr) 1N18900 . ' LYRINAN (%)

(kg/hr) (kg/hr) ms AU
V)
(A]) (ncg)
130 71.65 2.15 3.00 10.56 1232 | 50.14+0.41
wC 170 98.50 3.11 3.16 14.77 1695 | 59.26+0.62
210 120.50 4.10 3.40 23.8 2461 | 71.18+0.44
130 58.30 4.56 7.82 8.14 9.22 57.52+0.41
RDF-5
170 74.30 5.34 7.19 14.75 15.12 60.34 +0.37
/WC(50/50)

210 90.93 5.87 6.46 21.01 21.45 64.09 £ 0.83
RDF-5 130 72.33 8.67 11.98 6.97 7.81 36.93 +£0.32
/WC(70/30) 170 98.65 7.8 11.18 10.31 10.45 37.70 £0.17
210 126.90 11.03 11.12 11.72 21.65 | 40.30+0.52
130 80.67 14.23 2231 20.23 2123 | 26.10+0.21
RDF-5 170 102.05 20.56 20.15 27.2 25.12 | 26.61 +0.41
210 115.12 24.71 21.46 313 28.1 30.74 +0.35

4.3 Namﬁﬁnmzaﬁmmwmmmiwaﬂwé’aammm%mawm RDF-5 U352 UY

o aa o
naauRasHn Ty (P-G)
= = a (% =S [T o
MIANHUTDITAINVBINITNAANSINUINVEE Taema Tu Tadwarauunagsiingy Tag
o 1 A v 9 &£ 9 [ A dy A A a (9% dy A Ao
MNINAADIRII91N1HIT0 4.2 ¥1d TasrzAndandamasnaiunsananud aFemaIng
= 9 1 3 a a [ dy a d' d‘ [
Aunm (Hanuiouninnil 4.0 MI/Nm’ ansonaalSinavewnddomasgeiganons
[ { Y] a Q'J
A3 IMaveNaNnIzAy 210 Nm'/hr uazauisaauszuy laadesd 12 ¥31u9) Taeldve
2 v
#3191 1591Wag RDF-5/WC (70/30) innumunz auiiga
= v Y dy o [y [ A [ A o a 9
msanm luiideilaziivuailadanisnaasumioudu Aoinisiauszuy laslds

[

1¥PINaY RDF-5/WC (70/30) 1oas1ms 1dFemaauniiu Uszana 127 kg/hr USudasins lua
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o A a Vo oA o 3 \ Y o 9 ¢ g
VDIUNTIFDLNAN ININUNTEAY 210 Nm ' /hr !Wli]gequwaqq'luﬂ')'lui'ﬂuﬁnﬂwa'Iﬁll'l@'liﬂ!ﬂu

Y ] Y  an ) . . . £ d'dyd 1
anusousielunszuIumMsunagilingu (Plasma-assisted ~ gasification) Faluniizeuni
E2
Ao ldd
130 U318 70% V0IMAIGIgAvBITEUY (50 kW)

[ 4

AANYA P-G) 1agN1TNAaIn N UANAIIUN

g

9 an o'.;
sTUUNAITUILN AT LIATY N

4

9y A 1w a o
ﬂﬂuﬂl']igﬂﬂﬂﬂ‘ﬂlﬂ'lﬂﬂ 36 ﬂIﬂ’JGW]

Y E2) [
v A

A < a 1 A A @ = = a d? @
99 UMTIAUTEUUABLIND ‘VN‘L!LW@‘]SJ@Qﬂuﬂ'311]Lﬁﬂﬁ"IfJVlfJ'lﬂlﬂﬂslluﬂ‘Uﬁgcﬂﬂwa']ﬁﬂJﬂl

J a {o o <3| 1
9150 14 dpwAuszULAfaIgeagaitlunau minmuguszuy Taemslasenszua Il
[ Y { 1 (Y4 o o { o
1Ny 120 A ﬁﬂ'l']ﬂ@]']\?ﬁﬂﬂ 300 V uagninua LLﬁQﬂuﬂJ@Qﬂ']ﬂ‘lﬁﬁ 7 bar Tﬂﬂul,@s]}ﬂ']ﬂ"lﬁﬂﬂaﬂ\‘l
a o % o s A A
ﬂ']ﬁﬂﬁ%fﬂTﬂﬂlﬂﬂqmﬁﬂuiﬂlﬂqwa']ﬁﬂ']@']gﬂ AL AN ‘ﬁ?\‘]ﬁ?@]ﬂﬂﬁ%ﬁﬂﬂlﬁﬂﬁﬂﬂ?ﬂﬁ‘uﬂﬂﬂ'\ﬁl‘wn

q

a a S OV A o 1 Aa A a [ [ A 9
@mﬁﬂﬂﬂlulﬂ”lﬂaﬂiml!ﬂﬁ'wLﬂG]fUGIﬂﬂi%ﬁﬂ‘ﬁﬂ?Wﬂ?iNﬁ@lwaNTu uagwawuqmmﬂmm

Q U

9
szuu mamsanyl ansoasl1dasaelai

>500°C 30.0

> 1700 °C > 1000 °C 0.0

0 40 80 120 160 20.0 24.0 (cm)

@ 4 a J
() ANYULUDINAITYIDITA V) N1INITSINYYUNHNUUVDINAANIDIA

U

5101 4.8 AnBAZYOINAIENIDITALALYUNNINNATEIINMIIAUTZUY 36 kW

o J
4.3.1 wamﬁnixmsjmmmqmﬂgﬁ‘lmmﬂﬁnsm (Temperature profile)

= c?/l a a (94 dy a A a aan A
msAnyIFuYoIgurginelummaaunddonas imessuelgnsegumaiii
a d?} a [ dy a A A [ 9 4 I~ 9 1
navu I waaunaFeIma iamiundsnuanuieunnaIauIelsa Wuanusouse
1 g a 3 I~ g a { 1
awnsoagl 181 iem@s RDF-5/WC (70/30) Fadudomnasfilinnunuintiuga (459 kg/m’)

= a ¥ a & vy T A A A
Gluﬂiﬂ!ﬂ’]ilﬂui%ﬂﬂ C-G MINIANUIDUIN Combustion zone Lﬂﬂ“lluvlﬂ“]ﬂ LLALNBDUNITINY

4
a =2

anufouninnaranuin lazdanaligungiiqeiulunn Tyuvesniswn Iud a1ng1li 4.9

G

=l = ) @ a ~ = U [ A
L‘]JifJ']JWIfJTJLle!ﬂ”ISﬂi%i]Wﬁ’J"’U’ENQmﬁ{]mﬂiﬂﬁmﬂﬂizﬁ’ﬂﬂizﬂﬁ C-G nu 5¢UU P-G Taed

[ a

] Y
T1 SaiigavgiIndiResiu 35-50 °C 1oaINIFOINAIH UL ATIW3OUIIN Combustion

[
=KX A

' b4 '
Tiawnsourna Aszau T2 gungioin ~85°C (P-G) winduiilu ~ 150 °C (C-G) nagfiszau
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a A -4 I { [ a
T3 QuuglaIn ~ 700 °C (C-G) MnAuily ~800 °C (P-G) nazNszal T4-TS guugiaIN
A ¥ I~ < 1 A ]
~ 800 °C (C-G) tiuauily ~ 1,000 °C (P-G) tiu g uiiuanudeuliiuszuudrenarau
' Y a Y [ 9 a ) Y d?l
(plasma arc) ¥e 1HnanmsnIaNuion uazmanemanuioulumnlinsal lduniu
1099 1AR R UINNNAINT O UINNATTNIDITA AD AIKUI Combustion zone
= Y Aan o'/ d' [ dy = 1 A d!
AUNYBHUBINTZUIUMIUNATWAYY NTzAUTIZYNIT8nI1 Hot zone 30 Heat haerth &9
Y

v 4
dhulfasonmennuieunazanueuiinaiutizgmirl1Flul §sngannudoululyy

. . &£ g A a J %] Ay a aa
Reduction t1az 1 Pyrolysis Gﬁﬂlﬂui“ﬁu‘ﬂlﬂﬂ@Qﬂﬂ5$ﬂ@ﬂﬂlﬂﬂl!ﬂﬁ!sﬁﬂlwa\iﬁqﬂﬂ UNHUN

-4 a 4 [} g a -4
qiu Uraldinaesdlsznovvesunm¥omac laaTu (Arjharn et al., 2012)

1200

1000 —+

o
(=]
S
|
I

Temperature (°C)
IN o
S S
) s
| |
T T

[\®]
(=l
(=)
|
I

0 : : : '

0.5 1.0 1.5 2.0 2.5 3.0
Distance from the reference (m)

A @ a a t4 (=~ = 1
71N 4.9 waminszaedivesgungiilumlgnsal (Temperature profile) fTouimenszrig

MIAUTEVY C-G AUV P-G

a d d 4 &’ a
4.3.2 MRz HenlsEne Ve N T FOINGS

J 2] dy a ' @ A
@Qﬂﬂigﬂﬂﬂﬂlflﬁlmﬁl%mWﬂQ FEHINTEUY C-G Uagigul P-G ﬂﬂllﬁﬂﬂiugﬂﬂ
VoA s o L 2 ' < Yo A o A Y}
4.10 WU Hosndsenevveana COH, CH, LW?JﬂJiJ@EJNLW‘L!Ulﬂ%'ﬂL%H IUBUNIIINUANNNIDY
Y & g a 4 A o J

Tdnuszuy Fuilullawaudgiu de Welmunwdsnuanuieuninnarauiorsa aAnuiou

a 4 dgl A [ [ (2 dy a 9 U 4 9
“l,mm‘ﬂ;]ﬂimqwu Z‘ﬁll"IiﬂLWNﬁﬂﬁ?H%@QLLﬂﬁL%@LWﬁQqﬂ TﬂEJW‘]J’J”I p9AlsenouveILNd

iFoIwas CO H, uag CH, 910 9.3 7.71 uag 6.78 (%vol) tinduilu 15.80, 13.43 1az7.38 (%vol)

] v
= =

o w & 1Y aw a 1 a a oA
AMUSD Fedeandoanuauiteou 1 ldesuen gaungiluanlgnssingaazneminizez
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I a1 a aaa =\ a 94 dy a a 1 .
L'iJ‘L!Wﬂﬂ@@ﬂ15!ﬂﬂﬂ§]ﬂiﬂﬁgm‘ﬂmu HAZMITINALNTLEDINAIBUAN N Tu Reduction zone

(Higman & Van der Burgt, 2008; Arjharn et al., 2012, 2013)

24
B cG
20 +
2 [ ] P-G
>
X 16
=
2
E 12
=
3
=
S 8
3
&}
4
0 1 1 —
CO Ho CHgy O2 CO2

] Y
31 4.10 eafUsznOUVOIAMFRING A1 TEHANTZVY C-G 1AZTZUD P-G

= = = w (4 Q‘J
4.4 Nﬁﬂ1‘§ﬁﬂH]!ﬂﬁﬂU!ﬂﬂUﬁNﬂiﬁu%ﬂ]ﬁﬂaﬂ‘wa\‘i\‘i1“531]”!!?!@"??‘]!?]‘]51! (C-G)
o o o
pusTUUNaaunasnty (P-G)

Han1sANY S oI NeUAUITOULAIUAITHNAANS I TLHINITLVY C-G
AITEUY P-G sauaadly a13199 4.9 TagnsdinsAuIzuY P-G N3 1o UNaINUINTe UL
~ % a [ 4 a I 1 o 4 1 ) Y 1w
AN Y 36 nlavea (Usziwduaindanuainnarauieisaaedilualamidy

[ 2

~129.6 MJ/hr) uaiimsaruauiladedumiounu fe toudsoimwauninu (126.90 kg/hr) 1oy
v 24 tﬂy a 1w 3 = a <3| v dy a
AVANEATINT IMaveuN @ FoMaunInu (210 Nm'/hr) galsziiuiundsunndomas

W5V VIY (~ 2587.31 MJ/hr)
NAMTAIUIY BATIAIUNGUINT (Equivalence ratio: ER) Hudludasiaiusening

2 v Y v
H93187U 010F : 1¥BINAT N 199349 (actual A:F ratio) 99 6ATIAIUDINA : (¥DINAINADINT
A

Tunsien Indfauysal (Stoichiometric A:F ratio) ¥9INTIAUTYUULIFOINAIVDY RDF-5 A0

1 o

tﬂy a Y o os/l = Y A [ A
L‘B@!Wﬂ\iulhfffﬂ IMNY 70:30 (%owt) M 52UU C-G Uazgszuy P-G ‘JJslﬂmﬂENﬂuiﬂﬂ D ER

M1 0.18 FeirlinsAnyinisldanufouninwarant e guugil gauaInvesuna

dil a Aa A a 9 dy a (=1 [ d‘!
NS LazlseANTNINVINMTHAALNALFDINGY Iﬂﬂllllll:ﬂi]i]ﬂ@uuﬁllﬂ’lu
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]
9 [

a I o Ay Y & Aa (2 dy a A
Waﬂ1§‘]J5$LNHLTJHWQQQTUT]%@%WT‘I?%‘U‘U ANHITUTEUY P-G BIFTTMWITONAALUNTLBDINAIN

= A

A 9 1A 3 a I J @ 2 dy a
HATNNNIDUFINI AD 6.88 MIJ/Nm B uNoUszl i uAINa I UV ILN TITBING

v
a

A A 9 ~ Voo ~ =& Aa o A A 9

‘V]Wﬂ@]llﬂ TUAUNINY 1445 MI/hr 1umm$%§$uu C-G BINAAUNTIYDIWAINUATIAIINIOU
= 3% A A g ' o o & a A a Y Ao

WY 4.96 MJ/Nm "JNL?J'ﬂﬂiglllulﬂuﬂ'l‘waQQTHGIJ@QLLﬂﬁL"BE]LWﬁQT]Na@Ulﬂ ATUAUNNUY 1,042

& = = Y Y 9 ' o o
MlJ/hr IﬂEJHJ'E]!‘].]ﬁfJ‘UL‘VIfJ‘UfnﬁGlGD'ﬂ'J']iJ3?)1!ﬂWﬂWﬁ']ﬁ'iJ']W']iﬂ“]f']fﬂu’igU‘U aMIvUTEUY P-G
<3 Y 1 Y o Y 1% 2 dy A A a Y d? [ 1 o [
L‘W‘L!Ulﬂ'n fﬂgﬁﬁclﬁﬂ'lﬂlﬁ Wa\‘N']u‘ll@\‘llLﬂﬁLG]ff’)LW'ﬁ\‘]ﬂWaﬁulﬂQf\?sllu DATTITIUNAINTUIINUN T
zﬂy a 1 dy a A 9 dg’ = 1 9 a A a 24 zﬂy a A d?
IFDINAIADITDLNAINLVITE VY gRAUU ‘0\'1?NWﬁﬁh"iﬂﬁgﬁ‘ﬂﬁﬂWWﬂWﬁWﬁﬂLlﬂﬁl%@LWﬁﬂ WUV U
A o Aoy U A 1w o Aany U A
~13% A9 JEUD N FHIAFUIA T]Cg N 40.30% Lag STUUNAAN N A TN IAFUTA T]Cg

WA 53.21%

A13199 49 M3 oUMIUENTTOUSMINAANAITUTEHINTZU C-G Ilagsul P-G

niimes 52U C-G 32U P-G
Sasmslfiaomas (kg/hr) 126.9 + 1.07 1269+ 1.12
S31MInAd (ke/hr) 14.23 £0.35 14.23 £ 0.45
dasimsaudienn (%) 11.12 £ 0.56 11.12 £ 0.45
52021215719 (hr) 12 12
Manudouveusomas (MJ/kg) 20.38 £0.13 20.38 £0.18
Wi udomaudsz (MJ/hr) 2587.31+£2.11 | 2587.31+2.57
NHIUINNAANID1F (MJ/hr) - 129.6
Samms Inavoaufasomas (Nm’/hr) 210 210
I T ety AN (LHV, MJ/Nm’) 4.96 +0.22 6.88 +0.28
wﬁwmmmuﬁﬁﬁ:mwﬁaﬁwaﬂ'lé"ﬁ'amazmmgm (MJ/hr) 1042 +2.89 1445 £2.76
Sasrdmnliunsudadomaviemasitiszuy (Volume Syngas yield, Nm’/kg) 1.66 £0.10 1.66 £0.10
Samdnmsanufmdomadomaidisz (Energy yield, MJ/kg) 8.22+0.31 1139 +0.56
UszANTMNYBITZUY (%) (Cold-gas Efficiency) (1)) 40.30 +0.41 53.21+0.58

d [<J dy a o L4
03ROV UNTIFOINAITUATIZH

CO (%vol) 9.37 +0.40 15.80 £0.88
H, (%vol) 7.13 +£0.31 13.43 £0.56
CH4(%V01) 6.78 £0.21 7.38 +0.34
o, (%vol) 0.64 £ 0.02 0.57 £ 0.04
Co, (%vol) 9.70 £ 0.93 9.46 + 0.95
% MIVoUAIHAD (Yields of cabon residue) 36.81+1.76 21.90+ 1.63

AUMWUDIURE

Y13 (mg/Nm’) 10.33 + 1.03 56+1.12

Ysinafus (mgNm') 20.11 £2.15 7.85 + 1.02

YSinamsuazius (mgNm) 30.44 +2.98 13.45+1.23
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)

4.5 wamsanw1dszansmnNannaInHVITTUUNAIaINa s T uaons
0o W . d'd tg w L
YA Waste reject NNANNYUIZAVAIY

Y] a a d
4.5.1 m‘iﬂ‘iz%]ﬂﬂ?ﬂl@&@ﬂ!ﬂ{]ﬁlﬂlﬂ]ﬂ{]ﬂ‘im (Temperature profile)

v o J J A aAA a d?l a 4
MsaNuduRusIznIImalasunlasgunginnevulumlgnsaluazsvey

=1

ANugs Taedngungin 6 FuANUF Ao T1 T2 T3 T4 TS uag T6 H9iA1g99IN52039190

Y

Qe

Y () 1 d' d' Y ] a A 1 d‘ a d? d! Y 1
(ANUFANINAHUWIRIgAUA1uA) 1eRvz IdTzyFrevesl nsera1es Minatudelaun
Tosumsouua (Drying zone) Twru In1s 15 (Pyrolysis zone) Taun151m1 1415l (Combustion
zone) ez TrusanYFuY (Reduction zone)
v 9
1AM5auszUUTae 1Y Reject waste NANUFU 3 5TAU (10% 25% LAY 40% wb)
Y @ a a Jd o 9 A
awsaaglldiimanszaedrvesgquuginielualinsel deuaaslani gui 4.10
4 1 [ o T W [
Taaolinmsldnaraursielunszuiumsunagdilindy nuIdnyuLNITNTZIAIVD

A 9 = v A a ng; A dy dy a
m‘ViﬂiJMLLH’JIHMiui’INLﬂﬂ’Jﬂuﬂ@ qmwgmﬂlunﬂ%u T1-T6 9ZaAAUNDAIINBUUDUTDINA

U

Bl

a

Y v Y E4 ]
1 TaoNgangiivzAnes geiuandumua T1-T2 $29filiguugltiosnd 200 °C Fauaag

Q U

o))

2 Y . . A da & a Y
NBINNITID VLTI (Rajvanshl, 1986) mmwuﬂmg‘luwmwmﬂzgﬂmmiauwmazimwﬂ
Y
pon 11/ 1u Taudl
o 3 a a P d? (] < ) ] I
wmmﬂuuqmwgmmgmﬂgnsmmmm@mﬁ'ml,i’gmﬂml,mm T3-T4 %3!1J‘Ll
o dy a < A a [l dal = 1
NITNAUTANIYUDIUBDLINAILUN maﬂizmumi‘lWTs"lacmslumm Llﬁ$hﬂ1iﬂﬁﬂﬂﬁ@ﬁlﬁﬁ
& ' g 1 o s s s 4 A v
IEINY Gmmuimy%zgﬂu ﬂqmmﬁllaimmiuau ﬂ?‘iﬂﬂuklﬂ’é)’f]ﬂll%ﬂ Lagng maa”hmww

Arundlua e ¥50 (Char) 13 (Rajvanshi, 1986)
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1200
—A— 10 wt% (wb)
1000 -+
--0-- 25 wt% (wb)
O 800 —+ -840 wt% (wb)
°
2 600 -
g
5
S 400 +
200 —+
0 I I I I
0.5 1.0 1.5 2.0 2.5 3.0

Distance from the reference (m)

{ Y a a L4
g‘ﬂﬁ 4.11 wamﬁﬂﬁzmammmqmwgﬂmmﬂgﬂﬁm (Temperature profile) YD Waste reject
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a

ogj dy Aa 4 A d? ) 1 & ) ==
muqmwamﬂmumﬂgﬂimﬁ]zmumuqmﬂmﬂmnmuﬁ T4-T5 FUYURWHUING

U

P A &
mstlousimauazanudousinwaravionsa it 1 FaduIsunisiw v vio

'
a A

3 ' <3| ' ! aaa
Combustion zone mﬂuuGlfnqugﬁmlmlml,ﬂum&ﬁ@mwﬂuaﬂmmmmﬂﬂgﬂ'ifnﬂﬂmm

U QU
v

Y & J ] A o Aaaa 1 » A a 9 o ] A A A AA '
I9U ‘ﬂ)’\‘lL‘IJL!GD"J\‘WI&Iﬂ']ﬁVIT]_]J;]ﬂﬁfJ']ﬁgﬂ'J'N!LﬂﬁVlWﬁﬂﬂTﬂT“BUQTUUUﬂUﬂTHV]LWﬁ@ UIBDNLIYININ

o a 4 s o a ] 4

Reduction zone Mlvtimsnaamsueuweuen lad (co) uaz (1) Taena lilgungilugiei
ﬂ?iﬁ%%@;ﬁﬂﬂ”l 500 °C (Kirubakaran et al., 2009)

@ a a 4
wamim*zmﬂmmmqmwgﬂmmﬂgﬂim (Temperature profile) YD Waste reject
[ dy =\ 1 % a M) I [ o ) @
WU ANUFULNAADNTUIUNISUNTFWAF WY HoE19N1n Iﬂﬂﬂ?blﬂﬁ']ﬁﬁ‘ﬂﬁgﬂﬂ
[V o'./ dal dy a 9 1 a . .
uﬂﬁ%mﬂ%utmullﬁam mm%uﬂlmwamamaﬂmﬂu 20% (wb) (Rajvanshi, 1986) 9310113

a 1

k4 v Y
W%ﬁmWNﬁGU’ENﬂ’NﬂJ‘dBuGU’EN Waste reject G]@5ﬂ‘1§ﬂl$ﬂﬁﬂi$ﬂ18£§l”3ﬂlﬂﬂqm1’iﬂuu NWUN ﬁmm%u

i
a =

1 g 1 ~
10% (wb) v2 Ivgaungiigegad 1,100 °C lugreamawn Ind Fuilurrediinmstlounaramn

U £ Q

a 4 1A g g 3 o
W 1 lwanlnasl usiiio Waste reject Unmdugadu ilu 25% uaz 40% (wb) vz ld

a = o w I a
mwgmﬂmﬂizmm 850 °C (12%) 99 650 °C (26%) 9118191 Tuauiluasa Msilou

o)

A Aa dy I M 9 o [ & Aan o A =\
@]Qﬂﬂ‘ﬂhﬂ’ﬂh%ﬂgﬂ!tﬂﬂﬂ%LﬂullﬂklilulﬂﬁTﬂi‘Uﬂi%ﬂ?ﬂﬂ1illﬂﬁ‘ﬂ$7\llﬂ°ﬁu LUBNIINUNIT

ade

= 9 @ :’ a o Y a ' =~ o @ o
gqudsanudonlldunsszmaimnmnu i Idgamgil liguiisanodmsvnisi
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a a Q) Aan o 1 <] 1 0 o w
Ugnsewnasihntu od1elsnaw msldunasnnudouneuenninwarauiilndedina

Y dy Y a 9
ﬂ?ﬂﬂ]WﬂJ%uﬂJ@\i’JﬁQﬂﬂaﬂa\ﬂﬂ
WA <4 &' a
4.5.2 AUANUAUVIIUNAITBINAN

9 Y
msauszuulumsnaaoll é’mwmﬁ”lwammuﬁ"m%mamazé’mwmﬁﬁaLfﬁaaﬂ

] 9 4 v 9 k4
gIAIUANNATZAY 210 Nm'/hr 4@z 14% MUS18U 9190 WU MInuIuUeInIusuvea

v
2 a A a a

Y
agAvaziinalidasimsldiagaunuiu 91nmsfiuim dasidrufiouny (Equivalence

. P o 1 1 o 1 dy A Aq Y a . ]
ratio: ER) FuiudninaiusesuIng oas1aiu 010a : 1oinaan 149349 (actual A:F ratio) ¢19
I ] g a { 4
8a31d U0 1A : tFowasnAsen1s Tunswn Indauysel (stoichiometric A:F ratio) Y99n13
a A . 2// dy =1 Y A [} A 1w
AUSEUUN Reject waste N9 3 AU (10% 25% 40% wb) H1nalReenuuin e ER (M1ny

o 9 o g 1 () Aa a
0.16 0.16 0.17 mud ey Fei I awnsodnumavesnNuFUAsnaIn LA ALaz Tz ANT AN
a 9] [] o A
manaauna'ld laslidiladeousuniu
dy . 1 a 24 dy a A a 9y
HaUean N 1Y Waste reject AoSunaveaunayemasnnan lauaasly a3

a A 1

{ 1 g [ 1 [ { 9 [l @ a
ﬁ 4.10 ‘W“LI’JW]’NllGAIJ’H"]J’OQ’JG]’L]@U3JNﬁ’ﬂﬂNlﬂﬂﬁ’ﬂﬂmﬂWWﬂJﬂ\iLLﬂﬁﬁulﬂﬂﬁlN%ﬂﬁ]u ﬂiiﬂm CcO

Q

Y 4 H
A =2

1 Y 1
UABAA ~ 31 % (HBANUFUFIVUIN 10-30% (wb) USH1 CO Nanadtiorndieaniain

Y

'
a =2

v Y
MsANTUYIANHUIINYRIIngaAY Feih lninansanasvesnuaunelum uazdana
A a a E4 4 a a A a ¥ <

155w 0, i 1 luanlnsaivosas iWedsuim 0, Yesaslsum co Minatundosas

9 [ 9 a Al v dy @ a c’dy
aw ldde Tuneaseiudin Usuna B, szlisduaseauanuiuvesingau dsingnmseiil
I A 9 A ~ g; ) o Aa A ¥ dy
Juldawiaaiesninlimnnnedviunszuiunmswan H, #adfi ldannisnaassil

Y] Y YR~ .
APANADINUNAIIUYDA Zainal et al. (2001) and Sharma (2008) N1t Fadlunuaulauin
o [ 4 v 1Y Y Aan o‘/ o a
d 5y CH, 1oannms lwarauswnuunasinduia 1 lddsua cH, gaun (11 %vol)
A o v A . ' ] a dy 1
WofeunuFimaa (< 5 %vol) (Kim et al, 2013) 0619 15na1w YSua CH, Hiazanaind1s
oA A & 5 d' v
ADIHDAUNDANNFUFITY Taommizi 40% (wb) 9 19 CH, Uszunm 4 % vol
Y 9 dy a A 9 = Ay VA [ '
ui A mFomasn ldazinnuuilslsmaunnuasu uaiiof1uIaruIAInY

) . (2 dy a 1 = A dal A dy
FoU (Calorific value : LHV) U9Undi¥omad wuazlaunuuuionusiuaaad ae CH,
2 o o o ' Y} Ay v Ay Ya Y o Aw
Wudwalsndnlumssvuamanudoun 1ot wansnaaosin lananuaoandoanuIuIe

A 09}/ A, = ~ A dy = o Y
NWIUNT (Sharma, 2008) UONIINUU WormstdSeuneunauFUReINUY ﬂ”IiGlGIﬁNaWﬁll"l

a 2 9

1 @ an v o @ . Y o dy A ) 1
53“11!ﬂﬁgﬂquﬂ'ﬁllﬂﬁm%llﬂ%ua']ﬂiﬂ Waste reject Glﬁllﬂﬁl"]f@lwaQﬂuﬂ’]ﬂj'lllﬁﬂuqflﬂq']ﬂ 12
Y 1 Y
NAFONAIFINIANA1D9 ¥iA (Arjharn et al., 2012) 13191 AIANNTBUITARRAAN DAY
2 2o ~ o w o Yo A s W Ay ' ¥ vy
f:f'\i"llu LW]ﬂUQ/{Z’fQLWENW@ﬁ']wﬁﬂu'lklﬂﬁl‘]fﬂﬂlﬂiﬂﬁﬂuﬁ!lﬂﬁ PIADINITIATIAITNIDUBDYINUDY

Uszana 42 MI/Nm® (Quakk et al, 1999) msulaguiasvesaanudeun lddmsun
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dy 1 Y ] 1< a a J [ Y
ANUFUARAY WRzTumgraunnravesgurgimelumlgasandundn mslewaramn

o

9 a s (A ad ~ 9 I o
M lgamginielumge dU5Sinadianasou leoou naz Tuanaignaszqu fuswauin

Q

A o a

o aan a [ dy A Aa . 1 <
mlnlisasimanalfnsoguaznaaunaiemasniigunIn (Janajreh et al., 2013) 9619 150

a
Ed
=

=\ (dy A dy @ a A
f ﬂSWﬂaﬂ1iﬂ!‘L!ﬁ]gaﬂaQL?J’E]ﬂ'ﬂ?J"]fU"UEN’N]QﬂULW?JGUH
4.5.3 msisedivaussouzvesszuy

NaNIUTLNUANTTOULYRITLUY AaadluAIT 19N 4.10 FaAAIAUITIOULVD
[V o o [ a 9) . I dy a 1 1
szyynaauNaslinsud msunsaussuy lnoly Waste reject 1H1F0nas Wyl A
. YY) 1 dy A dy I~ dg/ 1 . A 9 =
Syngas yield 1 IFHARUATAINNNFY BIANVFUTAININUY A1 Syngas vield N Az iA1anas
a =] 3 A A dy A 42}
Taolin1anada1n 2.26 09 1.47 Nm'/kg #ioanaddszunn 35% WoanuFunuIuIn
I . a 42) A Y Yo a A
10 % (wb) 11111 40% (wb) M13AAAIYDY Syngas yield NAYUILBININGNIINI TFTngAUN
A -4 I~ 1 [ 2 o Y] 1 1
IWNAUIN 93 ke/hr 11U 143 ke/hr @IUAT Energy yield FIA1UIUNIINBATIFIUTLHIN
[ A A [} [ d,; a [} [ 9o a (= 9 =\ @ [
wasnuntoglunnaremasnednsims Iiagay wunduua TiuldlumaRendu uaanas
: ;| ? 13 o
DE1UINNIUTLUY 62% NUBANVFURVVUIN 10% (whb) 111 40% (wb)
Aa A a (94 dy a & a
Uszansmmveamanaaunayornasdalsziiulugilves Cold gas efficiency
1 d' dy .é' a a a 9 dy a ~ dy
M., lasnuinanuyugavulszantmwmswaaunmyomasszanadlash ANUFUVDY

] Y ' Y ]
Waste reject 1181 10% (wb) Hfi1 1), Uszunas 80.10% hoANUFUANGIVUT 40% (wb) fi1

N, eanaundelszuiol 4520% FaaeAndeeiuauIseves Jayah (2003) aldagla

]
4 Y
Y A

Aa A a [ g a [l 1 g 4 a f A A
UszANFTAMMIHAAUNNFOINGINZTUBGAUAIANNTUVOUFOINEY TatIFoINAINAUFUFI
=\ a a a (94 dy a o 1 a a A dy A )
azdszanimmusamInaaunaematdl Tagalssansnininanasil s nuiou

U o 9 o,; [ 3 = (= 9 =\ o o 0 Aan o
vndaugmir I ldszmeni aniudslddianuiewisswedmsunszurunmsunagindu

(Arjharn et al., 2013)

«Ld‘eoﬂya'w

' < Y1 & an 9
@EJNUlSﬂWm LLN311U5$UUWﬁTﬁNWLLﬂﬁcﬂwlﬂGﬁu SINKNT u@]ﬂ%WﬂJWﬁQQ]uHﬂTﬂ

aQ

Y a

@ ' Vool [ { a a a a %)
‘lﬁlﬂ‘]_ligﬂ‘ﬂ (~129.6 MlJ/hr) LL@]WU’JWﬂTWﬁQﬂHﬁNa@ﬂﬂﬁWﬁ wazdszansninmsnanaune

L)

' Y
a AaA Y

Y Y o 4 A Yy o A A = o P
l'ldanasaulidre fetiiieann launawemasntiasnnudeumuiy Tagaziinlndifes
[ 4 a q'/ 1 &V  Aan q'.l Y
s ldwsamassivian lUnlessuuudadWingu (Arham et al, 2012) #aMsNAaBaH

Y o a A a 2] dy a ] = @ @ Ao A
Taamdanu vaziszd@niammsnaaunmyomas lusruferduiuvesaulsedu

(Zhang et al., 2012)
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4.5.4 PSnamsuaziu

(]

a o 1 @ 1 a Y Aany o
”IJﬁJ']ﬂWniLLanUﬁ‘UﬂU"ITIﬁW ﬂJj\E)ﬂ']ﬁLﬂLlig‘U‘U‘ll@\'iﬂﬁ%ﬂﬂuﬂﬁl!ﬂﬁ“}ﬁ"hﬂ%uuﬁz
o (9 til a 9 4 = ) (2 dy A Aa 4 1 4y 1
miumﬂm%mmﬂﬂiwﬂiziﬂw w1ﬂaJﬂﬁumﬂﬁwmwmmmmaxvJuﬂmﬂeuqq T AING
y A A | ¢ Y o q YUY Ao 0 Ao v
Gl‘ﬁ Lﬂiﬁ)\‘lmﬂﬁvlﬂu NIDIATOIYUA Lﬁ‘c’J‘VHlelﬂ ‘I/]ﬂ?iﬁ’EN3J5Uu%f)uﬂﬁﬂWﬂ’)HJﬁ%@Wﬂﬂ%U“B@u
£ £
INUUUN (Cao et al., 2006)
d' a 4 1 [ dy a d‘ dy 1 [ d‘w [
AT NN 4.10 meﬂﬁmmmmaxvJuGl,uuﬂﬁwmwammmGvussmﬂu NIANAIIIN
[ 1 o [ . .
UATHIUATEUIUMITIIANNAZ1AN A TALA Water scrubber, Chiller scrubber Liag Fabric
Y I 1 Aa 4 1 A d? [l [
filter (Q\‘lf‘lﬁﬁN) Waf‘lﬁ'ﬂﬂa@\‘lllﬁﬂﬂ1ﬁlﬁu31ﬂiiﬂﬂﬁ/ﬂﬂm$PJH%%LWM%M?J?JN“B@L‘DH ‘ﬂﬁ%lﬂm

[ d’ dy Q‘ dg} d' o 9 ¢ A 42’ d‘ Qd’
3.7 M UDANNTUIWNUYUIIN 10-40 %(wb) ?HWIG]‘VW]ﬂfl’f‘1/]15&‘1/‘!11ﬂluﬁ]ﬁ]tu@ﬂﬂiﬂﬂqmﬂ{]iﬂﬂ

Q

a

o Y  Aan o 4 1 1 = ~
anaanmelua Taem T lunszurumsunadilingu msuazdudiunisazgnmngungi
A v o (24 dy a 1 < A a £ J ~
g9 uazmdeundiu llnuunademas od1elsnaw iegungiveunianas Fuiunsdives
. A dy a J IR A 42’ A = 4
Waste reject NHAMUFUFL Usmamsuazduislisgeliuiosnniimsmimsson lain
9 a J 1 AN Y o ] . = 1 3
szundeeas USuamsuazAuin lavas91nkIu Fabric filtler 3A152%719 1.14 mg/Nm
§ 4 o W Q'I a 14 1 { 9
118%5.35 mg/Nm' 1010%U 10 1ag 40% (wb) mudwy Taena luUsmamsuazduilaan
O Aany o a1 [
sruuunasinFunuy Ivaaseglinuviny 50-500 mg/Nm3 (Kaupp and Goss, 1981; Reed and

y 2 1 1% @ a o a a3
Bryant, 1978) @ﬁuﬂg VAaNHUSUDIINAD N1TDDNUDY ANNITNITNNIU me%m‘imu

@ 1 a 4 . a A o w J 1 dgl 1o 4
§I9YULALAANTIEN (Devi et al., 2003) ﬂig’dﬂ‘ﬁﬂWWﬂﬁﬂﬁ]ﬂﬂﬁ!m$PJ‘L! YuounUesnlszney

U

Y
a 4 1 d o (2] a
uazdSuavesmsuazdu naggunssidinnuazeraunmyoiwasitaonldaiu (Phuphuakrat
og.: da/ ' & Aan o A g}dy a o Ao
et al, 2010) TumsnaaensatnuNseuunaraunasiinsun lsiausonaaunaninnu

azaamnadisanadnsums lnumnIessudnannszua 1 (Bhattacharya et al., 2001)
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{ a & Aan o o w
A13199 410 MsUsziuausTOULVOITTUUNA TN AE AT (P-G) lumsian Waste reject

ANUFUVDAUTDINGS (W%, wb)

RERITI
10 25 40
Equivalence ratio (ER) 0.16 0.16 0.17
Sanims 1 aemas (ke/hr) 92.8+1.01 110.50 + 1.12 143 +£1.29
gas1mstnat (kg/hr) 12.95 +0.32 15.74 + 0.34 20.23+ 0.42
8031MTAU (%owt) 13.95+0.21 14.25+0.24 14.15+ 0.20
CO (%vol) 12.88 +0.11 11.82+0.14 8.90 +0.11
H, (%vol) 13.53 +0.42 14.29 +0.48 15.18 +0.42
CH, (%vol) 11.61 £0.12 9.25+0.16 4.01£0.11
0, (%vol) 0.57£0.08 0.67+0.11 0.95+0.14
Co, (%vol) 10.89 £ 0.45 13.64 £ 0.51 14.74 £0. 45
ManudouvesdaFomay 8.26 +0.11 7.25+0.14 4.82+0.12
(LHV, MJ/Nm’)
Sandnlsinasumiomausomasd 2.26 +0.03 1.93 +0.03 1.47 £0.03
191320 (Volume Syngas yield, Nm3/kg)
Sandumd e iomaunsemad 18.68 + 0.44 13.96 +0.53 7.08 + 0.45
191521 (Energy yield, MJ/kg)
wimeaFemaudizuy (MJ/hr) 2036.29 +2.95 2019.03 +2.54 2112.61 +£2.43
WAINUDINWA D15 A (MI/hr) 129.6 +1.52 129.6 + 1.52 129.6 +1.52

o [23 dy a A
NAINUUDAUUNTLTBDLNAIN

naa lanan1zuIATgIU (MJ/hr)

1734.08 £1.82

1521.99 £1.77

1013.13 £1.42

Uszaninmuesssuy 80.1+0.21 70.90 +0.19 4520 +£0.22
(Cold-gas Efficiency) (77.)
% A UOUALNAD 15.11+1.33 23.85+1.41 34.5242.52
(Yields of cabon residue)
ﬂmﬂqwmﬂﬂllﬁ)ﬁ
USumms (mg/Nm’) 9.7+0.01 16.6+0.21 32.6+0.23
USinadus (mg/Nm’) 1.840.11 14.7+0.22 20.8 +0.24
Ysunamsuagusin (mg/Nm) 11.50 £0.21 31.3+0.30 53.4+031
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4.6 HAMIANHIATNITOUSNIIMIUTINAADY

09; a 4 @ o <}
°1umu%ummmn‘mu5xumﬁamﬁ@uamiﬂumwu 1ummzzﬁaanu"lﬁ'mmamu

Y Y a A Y £ ) a = = Y £y 1 Aa
VYA UNANHAIULLINADY gyazgnindszivlSoumeuteya arumstasadassuaniy/

u U

a 9y ! & Ay v 1 dy
AUITTOUSNNAUINAOY TEHINITEVUY C-G UagiguU P-G “]NiJ‘ll’é]ﬁi‘]Jﬂ\iﬁE]‘lﬂu

a

4.6.1 NaNSANIENITOUTMIGUNIAGONIZLY C-G NUIZVY P-G

Aa a a [ 9 ¢
NMInaaovlszaninnMsHannasay Iaelyssuy C-G nlSesumeunuszuy
Y I I Y Y o { a a a @ 1
P-G uaaalmmudaanwduld1ddundsau Tasnlseaninmumsnaanasauiiai
=1 = [ d,; a A A [} == ~ o = 1 9 ]
MevReadu¥emasiivIaduq ed1a lsnansnaziiimaluTagdananunldlumsdans
o ~ = a A A A a d%l 3 a [ 9 1 @
oz JnTdunozAn¥IlTIIaas g AveUFINNATVUIINTUADUNITHAANAIITUAISTUN Y
3 Y A Y o [ [ a A Y ]
wathie I ilunuamedmsutlesiu nazaruguuanisdunadouse
a 4 A A a dgl 9 dy a
NANISAATICHUANENAATVUIINTLVY C-G UaZIZUY P-G 910N15 I FIF0INAS
1 Y] ] Y $ g 9 f a
RDF-5/WC (70/30) Tugilanee asae i 1) wamsiaunsaduilouluunadoma (Syngas

Y 1 94 a a 3 A dy (24 dy a
pollutants) "lmm UNEFNANY ’mmawym@mmummﬂwﬂuu,ﬂauclmmm%mwm 2) N3

v Y
=

a 4 [ . A AN a 1 9 o
'JLﬂﬁW%WiJaﬁ’]ﬁquﬂﬂlﬂﬂlﬁN (Solid waste pollutans) Gluwu%ﬁnmwumm MU Lag 3)
£

'
AN a

a Jd oy 1 { a
MIAATIZTHNAET 1T (Wastewater pollutants) TUNUABEITUANHA1E MNAVINTZVY
o 24 dy a Yo 1 dy
Manuazoraunayomas amnsoagl laasae 1

v & o
4.6.1.1 uaasluud¥aINag
a s & a (94 dy a I~ a a dy Y
nMsauazrunavany luunaFomas azlumsusziunanyiosdy
~ A o 4] g a ¢ A a [ [} ng dy
lunsainiwnadomad 1 lddse Temhinonaandsauas 1 Wailorvazdrenstlvoans
o 4 o () g a 4 a
M1 155 Tosi Tunisanuiou GhwdaFewas i uNenann11udou) o
) Y ¥ '
1$uTlasasunonannszualdih Tasasanudomasduardniely dalaeiialidudn
] P o A a Y o~ o w A A o o w o
ATzUIUMI 195z Teriannuna¥omad desliszuuniavanye1nd tieninsiiiaun e

= 1 A [ 1 1 Sa A I~ Y A o o (% 9 ddy A
lordte nounvzdanldsegusserma eene lsndioiludotududmsums ldmaTuladiiive
o w a a (94 dy a KX I A Ao &
faavez lueuiaa mMsdsuiuasvany luunadomas 3uiluseanduilu

o [ 1 dy a (24 dy a [ []
ﬁmiummmgmmmmiﬂugﬂaumwﬂuuﬂm%mwm Elﬂulllﬂ‘ﬂﬂ;]

9
[

= o Y a 14 a ~ XK Y ' Qy =
m@]i;ﬂ;mmmmmmmmwﬂ@ Gluﬂu’)i]ﬂu %\ﬂﬁlﬁﬂ@]i§1uﬂ’)°ﬂﬂMﬂ1iﬂﬂﬂﬂﬂﬂ@1ﬂ1ﬁ!ﬁﬂﬂ1ﬂ
Yy a = Ao o 9 o w 3 ' Y 1
mumyjav]aﬂ DINOINTU mumy,avlaammmmi!m"lwm Gluﬂﬁﬂ"ﬁ]ﬂ%l}ﬁﬁ]@ﬂ@%m 1 AU Le
1a o ' v LY~ 3 A A =) a
lllllﬂu 50 AUNDIU (I URI1VUIA 1 mmﬂummmaﬂmqwﬂﬁwﬂgiummgm) IﬂEJﬂJE‘T”ISEJaW'H

a d‘ o Y 1Y d‘ = 1 a 1
9 WYUA Vl@jﬂﬂ”l‘l’iuﬂll’MTMN"l@]iﬂTu aanaaely 15190 4.11 i]1ﬂﬂ1§ﬁﬂ1&l"lW‘]J’JT1J§3ﬂﬂWJu
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ng 1 1 I'd { o
az00d (TSP) SO, NOx N3l 55U C-G 1ag 551UV P-G UAeg lunaniivua uag
dmsulaviewiin 3 ¥Ha a329 liwy (Hg, Cd, Pb)
0911 dy a d A 1 = a
Nt 3 Ws1aes Ae AN ULE, HCI wag a15isznevlasondy
1 o a Jd 1 a 1 1 @ [ a 1
li'lasimsinsign (NVA) uaemnsaesuienu 11 1490 sanufiunasulsdududsunaru
[ dy A & 1 4 1 [+ zﬂy a a9 A
az00d TUUNAFINGY FUHUI 99T NoUVBIH Az 003 TUUNAIFRINANAIIDY 1109910
Y Y
UAAFBINGD 1A HIUATSUIUMTHIANNALDIADT 4 TUADY IALN Water scrubber Chiller
. =2 & Iy (a ' A o 3 dy =
scrubber W@z Fabric filter ) BaumalniiSunadundnn siatlunsaivesansilsznen HCL

A & & A o daa < s o v
LS ﬁ’lﬁﬂﬁgﬂﬂﬂulﬂ'ﬂﬂﬂcﬁu Glf\uﬂuﬁ'lfiWﬁﬁﬂmm‘VliJ Cl L‘]Ju’mmmu Gluﬂizu:lumi LN’l]l’Vill

4
a 1 =~

dy a d'd [ Y a a qaj ] ]
wornaanilgugiigandt 850 °C vz lineliinaasszneulaeendu ntigives cl danlng
: i J { : iy v
gnasrannlugyd HOl Fedudeulwinde (ms1ei 412 4.13) Fawanisdnen latinanw
Y [ av A

ﬁa@ﬂamﬂmmmaﬁuq (Malkow, 2003; Moustakas, et al. 2005; Bert et al, 2006)

[ I o o 0 an o 9

6191508 dmSunszuumsunagilingy msauguaszuIumsw lud

a

1 I 1 o a 4 1 I o
Tntigauugiige liisailunaddemsiaeaisuaiivoug wu eymavina@nveslanzniin
1o A 1 9 a =2 g o 1
uadeansnan lavzNikasonsas1a laoendu/musu (Cu, Fe, Zn, Al, Cr, Mn) Fuiudns g

171501 (Catalyze) voamsa319lavondu/yusu (Bert et al, 2006)
9 o IS Yy 9 AA A o A Y
d11sunsdlves ANdNdY SO, way NO,  NNUTumd iosaay
9 Ay a o @ a =K A Y a a a
ATZUIUMTIH MM TIAFDINAUDITZVY C-G 3105 u1ae1ma elinaldifaesuany 2 vila
9 B I [
Hlulsuaidinn FeaeandodnuauIfedus (Larson, 1998; Stiegel, 2001 ; Arena, 2012;
Seggiani et al., 2012)
QS.II Y o w 4 =) O’ H 1 H
matl lunsaimaiihunadomad i 1dse Teand o1vaznanaesluld neg
a Y o w Y [ I o I Y 9
augulsuaeimalumswn Indedeiina1d od1alsna ervduiludesaruguanudvas
a 1 a a d' a 9Jq Y Y d’ a a a dy
pongudunuluuSnaNRan s vl ilosas eaana lNMIINAAITUANY 2 Fiiail
(UNATNT WY tazaay, 2547) Taena lnmsiia SO, nag No_tiielunszuaumsen Tndilu
1A AIAUNITN (4.1) (4.2) 1Az (4.3)

nalnmsiia SO,;

— SO, (4.1)

— 2NO (4.2)



nalnnsina NO,;

NO+'%0,—> NO

2
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(4.3)

lunsalueenisina NO_ (Wa5uv03 NO 1az NO,) iadenilsfe oongiau

a

waz luTasnulueimeaundivszsaudartunaduluasneon lad (NO) taz Tulasiau

4 a 4 a { a 3 Y a a
lavonloaszinatnuluninuigurgiige No, il Tumsnugumsifaasuaiy NOx

Tunszurumaen vl ensuiludesmruquaanginladrInlddi guuginladlgaudund

1,371 °C i Indianududuves NO g494 1,000 ppm (U s Wiy tagamg, 2547)

uazl dy I a Aaaa Aq ¥ < .
MU NOx mﬁﬁmmﬂmﬂﬂgﬂimﬁum Plasma arc 1/]1615 010 11U Carrier

) Jd @ [l a I 4 Y Y1
gas ﬂﬁLLﬁﬂs&]’JLLaw\lfJ‘ﬁJ@am\‘ifd’mmmﬂu’aaﬂ”lcmmmvluimmullﬂ HNIITUU C-G Loy P-G

IS 9 o v (a ] < o A A oA A
L‘]Juﬂﬁmﬂ‘ﬂiﬂuﬁﬂ1’J$ﬂ1iiﬂﬂﬂﬂiu1m’01ﬂ1ﬁ LLG]EJEJNhliﬂ@niJﬂfJilllEﬂﬂWﬂTﬁ‘ﬂma’O NONIS

Tdnlgasendu s N vudmldidaiivesnledvedamos uazoonladvedlulason’d

Y @ Ao ] dy a
qoANADINU OA)O2 WENQﬂG]TJi]W‘UGLULLﬂﬁLGHﬂLWﬁQ

A a Jd & a 3 dy a
MINN 4.11 wamsasInaserunguans luunayomas

- B 5]1‘!\311‘!Nﬂﬂ1§ﬂ§3§]5}ﬂ ®
WINUNDT UA3IgIu
32U C-G I2UU P-G

Usunafuazens (TSP) " : (mg/Nm’) 2.65 0.91 laitfiu 400
SO, (ppm) 35.00 12.15 Taisiu 30
NOXx as NO, (ppm) 12.05 24.05 TaisAu 250
Hg (mg/Nm’) ND¥ ND 13isiu 0.05
Cd (mg/Nm’) ND ND Taiinw 0.5
Pb : (mg/Nm’) ND ND Tapw 15
HCL: (ppm) N/AY N/A T 136

' = . 1a
ANNUAVUAT (Opacity) (%) N/A N/A Tairiu 20
m31/5znev laeendu (PCDD/PCDFs )

: (PCDD/Fs as Toxic Equivalent ; [-TEQ) N/A N/A Taithu 0.5

a ' Y a a 7 |a o ' {
g« USinadu d19Bsmnmamsinszdlsmamsagiu (15199 4.9)

o a A v 4 o 2
@ TJ3$ﬂ’lﬁﬂigmi'J\?ﬂiWﬂ']ﬂiﬁjﬁn%1ﬂllﬁ$ﬁﬁllﬂﬂﬁﬂn lg@\i ﬂ’]ﬁuﬂm’]ﬂiﬁ’]uﬂ')ﬂﬂﬂﬂ'ﬁﬂﬁﬂﬂ'ﬂ\?

amedsnnmmuryados Ysgmalussnannguny @ 127 aeuiiey 87 4 319099

WUNB 16 NINYPIAN 2553

“ ND: Not detected (Limit of Detection = 5 ppm or 5 mg/g)

“ N/A: Not analysis
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o (% @ a [} [ 4 a 09/'
dmsuTaviewiin 3 ¥Ha Ao He, Cd uag Pb a329 lunuluunayemas i
= Y Aany o W Aan o 1 I a J A
A5 STUVUNASTATY vag szuunaaunasiasy o190 Tumsdasienilsua
o caw A qu A A A S A . .
Tavigninluauldel 19aTe9uens12H A9 X-ray fluorescence energy  dispersive
spectrometer (Model XGT-5200) %93 detection limit g9 (Limit of Detection = 5 ppm or 5 mg/g)
1] S I I [ o
aunsnszyaMuEuTuYessg la luseaunlesidu Teormiuaungliasin binu Tanewin
A dy 4] dy a 1 I o a dy a Y Lﬂy A A 9
Mudleuluunmyomnas agralsna Tavzwiin 3 ¥ilail wulsnatdesluyomaasudu
0911 dy A a Jd a 1 dy a A 9 a
N Wenannms T eHUsIaa1sa1eg lusemaasuau vazilsuw
v Y Y 9
a159199 fgnarawu ludimin uia¥emas uaziudo WSy C-G 1agIzUD P-G 929N
o A 4 a 1 [ 1 a
sz Ravganiams uazlsziiuliedlugddasinmsiantldeouaiy (Emission factor)
v Y [ 1
e (ATu-ansuanenlandase)/(d Tansudeamasnilewdnszuy) wWeldaiuisad iy
LaLAAAIN NOANTTUVBIATANeY 1
(¥} d LY
4.6.1.2 auqganIaves 519oan lai Javizwiin naznaosu
Y] o [ 4 ]
mitaiauganlaves soan lail lanewiin azaaoiu sy C-G
FaTagn s nu wad1saee gnasany lughdmingads 87.15% 509091170 ATIINL
[ 491 a g’ S = A 9 £
Tuunendmas (~0.07%) asranulutinde (<3.02%) uaz Va1sNgyIe (~9.68%) Joa®a
I [ 4 o =S Y  Aan o £
Wuauganiaves smoan lau Tanemin tazaaoiu Tuszuunaranunasilngu ¥9lae
AN WU wad15a e gaasranulugiidmiingeds 92.60% sesasuiie asrawnlu
[ Ay a oy = d'
UNTFDINEI (~%0.04) A329WU TUIIUTY (~1.27%) Hag eI NGYNIY (~4.83%)
a v dy 9 [ a v d' t& 9 1 a
NUATel FoandeInUIUITedUY FaladgUlunszurunisnae
[ Y  Aan ) v W 1] 1 1 ]
wasnuIasldma TuTadunadilingu dginsveslanemindiulugazeglubd (Marrero et
A v 09/’ ] <3 1 (94
al., 2004; Vervaeke et al., 2005; Kwak et al., 2006) 84 11/a3niudasiuldn ssuuwaranuna
Fndu ansoasglveswamsdiulvgldeglugilveudmiin (Moustakas et al., 2005; Bert
et al., 2006,) (Ojha et al., 2012; Yoon et al., 2013)
o & Y
4.6.1.3 asuanibaug lugiivae
v I Y
Poyan1319 4.12 15190 4.14 udasens luinde dmsu COD, TKN,
Phenols Bagnilsziiiuldeglugildnsimstanildosuaiiy (Emission factor) 1128 (nSu-a13
A A U a [ dy A A 9 1 = [ og.: dy A v 09//
yanunilanlaes)/(Alansuoamasnilowdnszuy) huReddu Nail 1518991091 vaeINa
a & = = A v 9 ' ' I
4 wiail Widaunsodisugiuvesdrsisuduld msizedlugdvesarsisenon eg1alsng
<3 Y = dy y = > 1
Tagnmsaiu 1dnszun P-G Imsduilouveswamslugiiudedinii szvy -G

Faoandoanudeyai ldeTuie T ineunth Ao vamsdmIngdmsvszuy P-G vzasgilu
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A 1A A

9 2 g Y1 oy a P { .
101 (~92.60%) “ﬁﬂlﬂuulﬂ31ﬁ1§1uu1 NWITNADTNAUNYAND COD (Chemical oxygen demand)

q

d! 1 = a a0 d' [l g’ =
‘?IN‘U\‘]‘]Jf)ﬂf]\‘]ﬂ’?ﬂllﬁﬂﬂiﬂllagﬂﬁﬁ%ﬁwﬂl@\i?ﬂiﬂu‘ﬂﬁﬂﬁN‘] ﬂ@giuu%ﬁﬂ YOI UY C-G

{ o L4 @
MINTN 4,12 duganiaves s1oa lall Tangmiin wazaaeiuluszuy C-G

Y Y anududuarsuaivvieon
ANUTUTUENT . . L
%30 9ns1Nsanilaseuaiiy (Emission factor) ”
Usziam vafigyud — ——— —
Bmiin uReYeINGY Wi qYn10
(g/kg)

(g/kg) (mg/kg) (mg/kg) (g/kg)

Al 3.855 2.88 9.61 3.15 0.960
Ca 24.786 23.24 14.58 84.44 1.444
K 4216 3.16 9.74 ND 1.043
Na 0.651 0.54 0.18 ND 0.106
Mg 0.363 0.21 1.30 ND 0.151
P 2.377 2.01 0.00 ND 0.367
Si 18.935 16.97 18.91 ND 1.944
Ti 3.618 3.33 ND ND 0.288
Fe 13.095 12.25 0.28 9.48 0.831
Cr 0.091 0.09 ND ND 0.003
Hg 0.092 0.07 ND ND 0.018
Ni 0.233 0.17 ND 1.30 0.057
Pb 0.109 0.09 ND 0.99 0.023
Cd 0.002 0.00 ND 0.27 0.001
Cu 0.227 0.19 ND 0.34 0.034
Mn 0.472 0.32 ND 0.77 0.148
Zn 0.527 0.39 1.14 21.05 0.114
Br 0.016 0.01 ND ND 0.002
Cl 0.526 2.88 0.30 2,258.70 0.106
dadau (%) 87.23 0.07 3.02 9.68

] Fi v
e ;" wiamsvaiynazanluyemausudu

v ka2 1l
@ Fasimstanilaseuaiiy (Emission factor) = [N3aesuanynlanase]/ [Alansudomasn deowdnszuu]

“ ND: Not detected (Limit of Detection =5 ppm or 5 mg/g)



A15199 4.13

@ 4 o
AuRaUIAUDY 5IMoam laul lanewin uazaaesuluszuy P-G
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ANUTUT U VATV IEN

ANUINTUAS . . ' _
%30 onsimstanilaesuaiiy (Emission factor)”
Usziam vafigyud " — ——— —
Bmiin uReYaINGY Wiy qYn10
(g/kg)
(g/kg) (mg/kg) (mg/kg) (g/kg)

Al 3.855 3.17 6.80 1.17 0.68
Ca 24.786 23.58 16.23 ND 1.19
K 4216 4.02 1.68 ND 0.19
Na 0.651 0.62 ND ND 0.03
Mg 0363 0.33 ND ND 0.04
P 2.377 2.09 ND ND 0.28
Si 18.935 18.41 431 ND 0.52
Ti 3.618 3.59 0.00 ND 0.02
Fe 13.095 12.48 0.16 1.58 0.62
Cr 0.091 0.08 ND ND 0.01
Hg 0.092 0.08 ND ND 0.01
Ni 0.233 0.21 ND ND 0.02
Pb 0.109 0.11 ND ND 0.00
Cd 0.002 0.00 ND 0.16 0.00
Cu 0.227 0.22 ND 0.24 0.00
Mn 0.472 0.41 ND 0.32 0.06
/n 0.527 0.42 0.71 1.83 0.10
Br 0.016 0.02 ND ND 0.00
Cl 0.526 422 0.10 993.82 0.03

dadu (%) 93.87 0.04 1.27 4.83

] Fi 1
nanewie ;O wiamsvaiynazanludemausudu

v 3 ]
@ gasimsvanilassnaiy (Emission factor) = [Mraasuanynlanilass]/ [Alansudsamash Howtnszuy]

“' ND: Not detected (Limit of Detection =5 ppm or 5 mg/g)
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oy a A = a A A a
asluiudennudnyia Ao TKN (Total Kjeldahl Nitrogen) 130151101
a 4 = W Aan o
TuTasnulugdvesarssuniduazuenTuie Tulasu Tunszuiumsunasiindu
J { a < { ' 2] < 1 [} aw J
pensznovvns N ludemdwdsazgnlasuldodlugdune NH, Hudulng (luauived
] a o 1 o U 1
1114%3m512Mens521919 NH;-N AU Oragnic-N) misaamisilaaildaesgusseinis nisaa
a 9 AAAa YA A A a A v W a dy 9/dQ‘ d? 9
waiy AealintenldReszuy Scrubber Mominilsz@nsnmmmsaniuasyiail lAagaIu doq
1% Acid scrubber (Lemmens et al., 2007) A15NATI199DNFUAAD Phenols Fa1/5z1iin'ldna
a o A [ YY) 9 (94 zﬂy a o o [ A [ zﬂy a
YsuamsngnanivlannunaiFomas d1msn H2S a599 lny 010iie991In I 1F0INaa

A Y A (Aa @ 7o ) [ o w oal A A a d?l Y Aan o
suauldsnasamosa ﬁﬁ’i5°]Jﬂ']i1J']‘]Jﬂﬁ"]31uu1lﬁﬂﬂlﬂﬂﬂlu1uigﬂﬂllﬂﬁ“]fwmslfu qIWITD

A
v o 9 Y

9 o . . a a o
Glﬁlm‘izuaumiumﬂm AUAIYTEUY Chemical coagulation ﬁﬂigﬁﬂ‘ﬁﬂ'l‘v‘lﬂ'liﬂ'lu@ 63%

a 4

o 5% A a A o w OBJ’ [ 4 9 o w
A1MIU COD (MWIFNUNT NUYY, 2550) L!,azﬂ’JiL‘WNi%U’Umi‘]JTUWUu‘HmLﬁ’BSlWmi“m‘mma

q

' b
a13NUseansnmuingsulua1sngu Phenols ttaz TKN

[ 9
MING 4.14 9n3Mstlanaveuany (Emission factor) Tugihinde

- anududuasuaiylugihinde (gke)
GARFTGITYY
321U C-G 521U P-G
COD 23.3002 14.039
TKN 2.3206 2.010
H,S ND ND
Phenols 1.1981 0.835

o A A A
nanewia ;- wiamsvaiynazanludemausudu
v y v
@ §asimstanilaesuaiiy (Emission factor) = [WIagsuanynlanlass]/ [dTansuwamaen tewtnszuu]

“ ND: Not detected (Limit of Detection = 0.03 ppm)

4.6.2 NAMSANBITNITOULNIFINIAGOUVDITZUD P-G ABNISHIDA Waste reject NI

ANNTUIZAVAG

o X A
4.6.2.1 wamslunda¥oinas
= ) A o o a2 . =
NANISANEINS M5V P-G LW’é)ﬂmmJ“aNfJElmaf]i/N 139 Waste reject N
Y
mm%umm (10, 25, 40% (wb)) ttazMIN15asIIALaz ey vaas Tugﬂmq FULABINY

[ q 9 a Y Y] 24 dy a an 9
Aunsal lswaanew (RDF-5 W@ Ulll) wamamammwmmuﬂm%mwmGlum‘wwmu

[

Q' 9 (% d‘ 1 a 1 [ dy a @
ganaoy auand iy @519 4.15 WuN ﬂimmazamvJu“luuﬂm%mwm HYs AR

%

& & a 4 g - @ e o
ﬂﬂﬁJ%lﬂUW’ﬂLW’dﬂ GKQLUU“ﬂﬂWNﬂﬂWﬂﬂWﬁﬂ! Lla$WUﬂ1§ﬂULﬂ@uﬂJ@QIa‘ﬁgT‘iUﬂGlullﬂﬁ
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k2 v I
IFOINAIAIBIUAY Ao Hg 1Ay Cd (0.038 0.634 mg/Nm’) 1 liAuUNMATFIURIua &9
A0ANADITUIVBVD Bert et al, (2006) 1 laa51a1 Ao m3ldnnudouninnaraungislu

[ a a o 1 o w <3 1
szu dawalnguugii luanlnsalge nazgiesdauamsvuiamana1es (H1aoe, azeodlo
9 o 2 ~
vypauaas) ansoannnuludleuluudayomasld
[l (24 = Y A zﬂy dy a A d?
Tudruvesund so, NO_linualtiuanauiionusu vousomaunuiy
I 2 A vAa . A~ dy =
p10iluld 1491 lesnnamanian1an1enIm ¥o9 Waste reject NIANUTUFI vzl

4 1 [
wuugelu Jsdewaldomea lvaruluszun1dendadi o, negluhlgnsen lados

d‘ a ¢ o a R
AT NN 4.15 Waﬂ'ﬁg’ljjfﬂjl‘ﬂj']gwLlﬂﬁllawycluuﬂﬁﬁfalwaq

i'luxi'luwﬁﬂ'ﬁﬂi'ﬁ]":]}ﬂ
mimes (ANUBUUDIBOINAS (wi%.wb) nasgu”
10 25 40
Ysmaruazeos (TSP) " : (mg/Nm’) 13.47 38.40 49.71 Tainiu 400
SO, (ppm) 25.12 20.35 20.11 Tsihu 30
NOx as NO, (ppm) 10.12 9.45 9.45 TaisAv 250
Hg (mg/Nm’) ND? ND 0.038 13isAv 0.05
Cd (mg/Nm’) ND ND ND Tsdnu 0.5
Pb : (mg/Nm’) ND ND 0.634 Tapu 1.5
HCL: (ppm) NAY N/A N/A T3y 136
AAUAVLAS (Opacity) (%) N/A N/A N/A TaisAn 20
m31sznoulaeendy (PCDD/PCDFs )
N/A N/A N/A
: (PCDD/Fs as Toxic Equivalent ; I-TEQ) Taithu 0.5

a ' a a 7 1a ¢ ' {
weig - " USinadu d198smnmamsinszdlsmams ey (13190 4.9)
v 1 k4
@ Jszmiensznsminenssssumanazdunaden 5o MuannsgunUAuMIdesi
pmAdsnnaIEyades Uszmalussfoaun @ 127 asuiies 87 3 5150991

HWUNYI 16 NINHIAN 2553

“ ND: Not detected (Limit of Detection =5 ppm or 5 mg/g)

“ N/A: Not analysis
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[ d %
4.6.2.2 auganIavel 51ndantlai lavizniin naznassu
@ J o = [ =
augawIaved s1gdanlail Tanzmin uaznaesu Awaadly n1313
£ g 9 OV Aany o A o w A dy [ & g a
4.18 Fuumsldszvunarauunadilingy memdavesinnuduaieg suiluliawaud
F4
g Ae msdulugezgnuulugiidimin uanui anwsuvesingau na lasaseaiums
9 Y = . dy £ 1 A a
aggilveanamslugiiomiin Tagh Waste reject AUAUGI ~40% (wb) FaNUN YszdnTain
v & @ ' d Y 4

Tunsaninuuadsglidmiinezlianiosas (60.60%) iionSeuiouny Waste reject N

ANUFUAIAD 10 % (wb) UAZ 25% (wb) WUNIAIBYUBUMININTTZAL 89.08, 77.06 %

E4 E4
% %

AUAIAY N9

[

~ A & o a ' Y a ~ 9 A 9
Howilewnananuiuluingay szdwalinanmsgadeanuiouie 114
v '
fumsszmeti Jei Idgamngidiag
9} . . . d‘ o o d'd dal
M3 195211 Plasma-assisted gasification IWBNIAVIENUANUFUG (~40%
o & @ a 4 a
(wb)) Suudessz s Taemmizansilsznou lavendu iosnngaurgiilu Tawwm ludveuan
a 7o % a [} a 1

UHnsald (~700 °C) Famsadars lasengu/fusu aziimsaialugiguugiszning

] Ada 9 A [} 1 A ~
200-650 °C  TagB19QUNYUNUNTAIININ AD FIITLHIN 200-450 °C LAz INNgAN

a d A d a IS
dszua 300 °C Taena lnAe e1setunidviianas 15a 19U NaCl w3 HCl Taanailu Cl,
A~ a o 09/1 v v W 1 Aaaa A ' a Aaaa a I
iWelivonFau nasnniu Clazsawiinuausslgnierlanzi laemsinalgnset el
. . A . . (] ==} 1 1 &
Chlorinated aromatics %30 Dioxins/furans 08191509 CI mu“lﬁﬂggﬂmnwu”lugﬂ HCI %4
& Jd a = 2 = Ay v = Y o ao A

Yudouluiude (15197 4.19) Fawan15Any1n 14 a1udeandoanuIIUITBDUY

(Malkow, 2003; Moustakas, et al. 2005; Bert et al, 2006)

{ @ 4 @ {
MINT 4.16 AUHANIAVBI T1oaA1 latl TangniinuazAaes 1 (Waste reject ANUFU 10 %, wb)

Y Y ANUTUTUETNATiHVIREN
ANUANIUET . . , _ 0
I 150 9n51MsUanlasenany (Emission factor)
Yszian wayv i — —7— —
11U UNAFING Hude qayrg
(g/kg)
(g/kg) (mg/kg) (mg/kg) (g/kg)
Al 3.224 2.92 0.04 247.76 0.06
Ca 53.722 50.37 14.92 0.00 3.34
Cl 5.092 2.65 3.43 1,742.50 0.70
Cr 0.093 0.06 0.21 0.04 0.03
Fe 1.597 1.48 0.37 ND 0.12
Hg 0.080 0.07 ND ND 0.01
K 1.596 1.49 0.47 ND 0.10
Ni 1.165 0.95 1.10 ND 0.22
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{ @ 4 o g
MINN 416 duganIaves sioan lav Tavgmiinuaznaos u (Waste reject ANWTU 10 %, wb)

(n9)
Y Y AN uTuaIVaNEVIeeN
ANUUNUVUET . . , - 0
- v 0 130 0n51N15Uanllasesuaiy (Emission factor)
Yszian walyv I — —5—— —
11U LAEFOINGS Hude qyrg
(g/kg)

(g/kg) (mg/kg) (mg/kg) (g/kg)
P 1.684 1.38 2.65 ND 0.30
Pb 0.069 0.06 0.00 1.94 0.01
Si 7.852 6.97 231 ND 0.87
Ti 7.124 5.81 4.96 ND 1.31
dndiu (%) 89.08 0.04 2.39 8.49

] Fa I
naneie ;" wiamsvaiynazanludemausudu

v I v
@ §asimsvani/desuaiiy (Emission factor) = [NIagsuanyNlandass]/ [Alansusamai tewtnszuu]

' ND: Not detected (Limit of Detection =5 ppm or 5 mg/g)

{ @ 4 @ {
MINT 4.17 quganIaved 51noan larl Tangniinuazaaeiu (Waste reject 1WA 25%, wb)

vy AN uTUEIVaNEVIReN
ANUANIUET . . , - 0
- vi5e o5 1N15Uantlaseuaiy (Emission factor)
Usziam VANHY U — 7 —
OINHN LAWY Wae Yy
(g/kg)

(g/kg) (mg/kg) (mg/kg) (g/kg)

Al 3.224 2.8814 0.041 ND 0.343
Ca 53.722 45.8181 31.109 ND 7.873
Cl 5.092 1.4853 3.933 2,461.54 1.141
Cr 0.093 0.0465 0.371 ND 0.046
Fe 1.597 1.1889 2325 ND 0.406
Hg 0.080 0.0598 ND ND 0.020
K 1.596 1.3381 0.764 ND 0.257
Ni 1.165 0.6325 1.225 ND 0.532
p 1.684 1.2035 0.665 ND 0.480
Pb 0.069 0.0548 0.000 2.00 0.013
Si 7.852 5.5201 13.850 ND 2318
Ti 7.124 3.9594 19.825 ND 3.145
qAdaIU (%) 77.06 0.09 2.96 19.90

] Fi v
e ;" wiamsvaiynazanlusemausudu

v Fa 1
@ Fasimstanilaseuaiiy (Emission factor) = [WIaesuanyilaniase]/[A lansSudeamasi Hdoudszuu]

' ND: Not detected (Limit of Detection = 5 ppm or 5 mg/g)
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{ @ 4 @ {
MINA 418 duganIaved 51oan lall Tanzvinuaznaeiu (Waste reject AWFU 40%, wb)

Y Y anududuarsuaivvieon
ANUMVNTUES . , - 0
I 150 0n51NsUantlaeeuaiy (Emission factor)
Uszian NanyUII — — .
Wvin UNEFINGY Wude qanme
(g/kg)

(g/kg) (mg/kg) (mg/kg) (g/kg)

Al 3.224 2.530 3.128 ND 0.691
Ca 53.722 37.736 1.437 ND 15.985
cl 5.092 0.166 6.591 3,938.46 0.981
Cr 0.093 0.030 14.607 ND 0.048
Fe 1.597 1.049 7.473 ND 0.540
Hg 0.080 0.056 0.074 ND 0.017
K 1.596 0.883 4.740 ND 0.709
Ni 1.165 0.466 13.420 ND 0.686
P 1.684 0.900 3.352 ND 0.781
Pb 0.069 0.045 0.932 2.89 0.016
Si 7.852 5.337 6.947 ND 2.508
Ti 7.124 3.757 10.387 ND 3.357
dadIu (%) 63.57 0.10 4.73 31.60

o A A A
j P VRITING IS mamaua‘wyﬂﬁmﬁuGlumfmwm!,iamu

v y v
@ §asimsvanilaesuaiiy (Emission factor) = [WIagsuanynlandass]/ [dlansuwamaen tewtnszuu]

“ ND: Not detected (Limit of Detection =5 ppm or 5 mg/g)

o A ? o
4.6.2.3 arsnanbawu lugiinge

Y A

Y I
Poya M15197 4.19 uarasas luiude @115 COD, TKN, Phenols #9490

Usziiiuldeglugidnsinisandosnaniy (Emission factor) W18 (NFu-d15uanyh
1 a @ dy A A 9 ] = [ < Y a P

lanlase)/(dTansugemasnflowdszon) wuRerdu Taenmsaumulddn msilnes &
' = J o 3 o = = Y A A o o

svendennuantsnluinde (Cop) wuFanunga Tagiuud Tuuliaige ileidnvey

. A tﬂy d? QSJI dyw A o w A dy <3| Y o w

Waste reject NUANUFUNINYY NS UTDININMIMTAVE: NTANNFUGI Wudesing
1A o g9y A a a 7q ¥ Y & A Yo &

pggei 19 liennsamugamgi luendgnsel Idga 18 aiinaldimsduilouveseunia

1 4 dy a = 1 Y 3‘ S dgl
a199 Tunnayemasgs Wawaliumsazanlnindeunuu
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[ 9
MINN 4.19 9nsMstlanaveuany (Emission factor) Tugihinde

ﬂmm%’u%’umimﬁy1u§ﬂlfwgﬁﬂ (g/kg)
TTNANY (Waste reject mm%ywhqq)
10 wt% (wb) 25 wt% (wb) 40 wt% (wb)
COD 95.53 117.97 133.48
TKN 0.70 1.30 2.19
H,S ND ND ND
Phenols 0.85 1.02 1.33

m a A A
naneia ;" wiamsvaiynazanludgemausudu
v I v
@ §asimsvani/desuaiiy (Emission factor) = [NIagsuanNlandass]/ [Alansusamaei tewtnszuu]

“ ND: Not detected (Limit of Detection = 0.03 ppm)

a d aa A a A A
4.6.3 ﬂ'lﬁ'J!ﬂ51$1’i‘ﬂ1\‘iﬁ'ﬂﬂ!ﬁﬂﬂi%!uuﬂﬁﬂ‘ﬂﬁﬂ!nﬂé}ﬂu

a d
4.63.1 myynnzviveyalaald PCA n3auieuszuy C-G nag P-G
9 Ay a a = =) 1
1NMINAgoU I wFoINGs RDF-5/WC (70/30) AUszUUSeuneusE g
a a Q' o C3 { 1 <
T¢UU C-G uag P-G uazﬂizmumwyﬁmmgau LLa$Vl1ﬁNﬂﬁ3J3ﬁﬁWisluW’J‘fljﬂﬁINTLllﬂ U
= 1 1 ] [ 9 g/} = 1 I
mmwsammamimuimymag”lugﬂsumgm MNTUVDITEVY C-G Uagszuy P-G ’E)EJN]l'iﬂ
a A 9 a A 9 [l [ A dgl = Y o 9
f LW’E)THﬁ”I?J”Iiﬂ’]JiSLJJ‘L!WE]G]ﬂﬁﬂJ‘U’ﬂQ?JaﬁWi Ulﬂ@ﬂ”l\islfﬂﬁ]uu”lﬂﬂ\iﬁllu ﬁ]ﬂﬂuﬁlﬂyﬁiﬂ
a 4 aa a J v o v . . .
ﬁlﬂiwﬁﬂNﬁfmIﬂEJGlGIB)‘}ﬂTSilﬂﬁwﬁﬂﬁﬂ'wﬂﬂuﬁmﬂg (Principle Component Analysis: PCA)
] 9 E4
eANYINITINAvDIToYa HetleTuengAnssuvessiangulanemin dan1lal uas

v 9 9 2 9 v
anosu Tgzildn 1dun vasshidudloulwdimin duiloulunfmemas duilourh

U

I

= 1 1 Y  Aan o )  Aan o
i@e uazaunaaviie 1seuluszuuunagsasu (C-G) HazsTUUNadu N as WLy (P-G)

U 9
14

TRFauIINgadu
a 4 ' a ' o Y 4
HAN153ATIZH PCA WU WRANssNY0sI9ngu Tarzwin dan ladl
A Aa A a a 9 A ¥ &
wazAaeiu Nuod 1uArBINaY RDF-5/WC (70/30) (FHAUIDAIUNTZUIUMITNNANNTOUIN
9 9
52UV C-G wag 5311 P-G 9znsznieai leglugilais Taun dudleuludimin duidloulu
o A a A S A = ! ° J o Y
uharomas Judlewinde vazlivisdiugamie Tasawnsadwunesdsznovnanld 2
9
J J Y J a
penlsznou Ao PC1 waz PC2 Tagpsnilsznounan 2 osdlsznoudl efuteanuuisilsiula
QSI’ [ A A a 9
Naviun 91.39% awdaslu 31 4.12 Taefl PC1 waz PC2 oFuneanunilsisiuld 66.38%

o o

v 9
18% 25.01% MWD Taenud1 PCl duiusnu nguvesnadsnluiouludimin
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[ d' tﬂy (2 zﬂy a 1 d' 1 I'4 [ % &Y
nguveswamsnlulouunmyemas uaz druiguriell druesdlszney PC2 duiusiy
1 tﬂ' tﬂy oy =S
nauveawadsndutleulurinde
v v
13 1 J [
welagl1di PC 2 esddsznou aunsouenanvazuesdoyalamou
as/‘ Lﬂ' a t:' d! (% oy % . @ I'4
NIvua Taelan1sa 15199 4.20 Fauaaedaderiimiin (Factor loadings) nuesnlsznou
<3 1 ] ] d o Y] g a
3111891 Factor loadings Y09 PC1 UANUFNHUT U vaesd1miin vassudadamad uag
v v Y Y [l
wamsAIUNGYKIY F9A1 Factor loadings HA1G (V17D 0.806 0.901 1az 0.939 14l 1o
a 1 9 (% 4 {
#sINdoyaauganIad1svesIangy laveniin 6an1laul nazaaeiu(@13197 4.13)
3 Yo ' A v o ¢ A N A v =2 A Y}
Wi IddFanuin woanssuvessig lavzwiin oan laul IwgAnssuiindieaas Ao wulud
o [ g a 1 { 1 1% @ 4
wiin Tunnawemas tazundugaymieluvagi PC2 A1 Factor loadings Y99 ANNFUWUS
Y 1 2} A & oA . 1w 4 a Y a
NUNguuaas 1 Ude &3A1 Factor loadings 1111 0.989 G305 U18 HIMY WOANTINVDIFIA
3’ =\ = 1 [ I~ v o w
Tutinde 519AADIUAINAAD Factor loadings 1uiladed gy
AT 0UINAVDINITAUATIZHNINADA PCA  w19Furetiiman 1811

o v A 1 ; a A 9 ~ a =\
mﬂﬂiznaﬂamwuﬂwmgclumammmagﬂﬂizi{}u‘ﬂqmwﬂqumﬂizmumiqmmﬂﬂu

U

= 1

a [ dy a [l [l 1 9 o (] 9 I
wnaaunayenas diulvyazaseglugilveunimin Yursaivszegluziioraeeily
1 < 1 1 2] dy ll [
azovsduvaan vdivedluaniuzazeoslouna (vapor) nazduitlouedluunaiou
o o ) A <3 ' £ 3 Ay 1A o A
dmsusgaasiu vziosnnilusiglunge Tany suiluas i ldedes awnsoaaiednile
<3| < &Y an Y = 1 4
Whule1dsaiss Tunszuaumsunagilingu aaesu szuldaeulieglugilves HCl Falinaw
A9ANA0INUUITBVDI Helble et al. (1995); Marrero et al. (2004); Vervaeke et al. (2005);
Kwak et al. (2006); Pinto et al. (2007)
:// dy ~ A Y 1 Y £ 3
Wadl asigayme aunseesuielan eglugilveudiass Fagninueazay
o o 1 { g 3 a =)
Tszuwiniafe Cyclone Colloctor DA UBYMAVIIAENLIN 811 azood lound 819
] ' J 4 a
grinuazauluszu Fabric filker aaoavulimsazanluszuy (Me 11d2) 1esdronisiay

] Y o a 4 d' o ] dy d‘ a vad
ITUY lliJ"lﬂ‘VlTﬂﬁ’JLFIinﬂiJaﬁ’ﬁV]@ﬁl@mﬁgﬁiJiu 2 AN UIY L‘LJE’N‘IUVIN‘]JQ]‘]JGINﬂ’NiJ

9
v A 1

v 3 @ ' & o oA I Y o w Y a I Y a aw
gao1nIuN1TNUA20619 Fedenailudesinaldauised ed1alsng 81989017804
¢ o 1w 1 %
Vervaeke et al., (2006) (482 Lemmens et al. (2007) “ﬁﬁﬂ"lﬁ}ﬁj:ﬂﬂﬁﬂﬁ’msu’eNmiﬂixi]w{ﬂ’J"U@\i
Tanzmindrulvgnoodluglvoudr dadiuneglugdveudiminazivinnii uazil
' I % v g
vnduihuduun (Fly ash) Fagniniu131u Cyclone uag Filter
[ == av dy Y o ] = Y A =1 =~
96191508 Tunuideil TagsandrdadiumsgudedooiionlTouiou
o A A a N Y ' R Y VoA A
AunasIny naasigaude mamsal ldNanazavegluszun Fedeandsed Nlwilou
9 7 dy a K a Y = o a 1A 9 Y Y
dosluunmyomas Jedsziuldnvzings Inavesarsuany llgdunadonIddosun

- Aav A YA o 1 Y Ay o A 3 A I a v A 9 =}
ATUNMNTIUIVYDUE ulﬂﬂuauﬂWizUﬂlLﬂﬁ%WLﬂ%uﬂ@L‘IJ1!33UUVliJﬂ'J’lllUJuﬂJﬁﬁﬂ’UﬁQlwﬂaﬂll y
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Y]

mslantdesuaiugdunadonluszauidmin (Larson, 1998; Stiegel, 2001 ; Malkow, 2003;

Arena, 2012; Li et al., 2012; Seggiani et al., 2012)

ajiTaemwsauie mstidnvezdlenszurunmsninnuioudwalil
USnamsnsznevessig lugguliiensy ualasagunigainlngdedluglveudmin uas
wud m3ldszuy PG emsansgvesanslugdidminldunndr sudunadiilesan

E4 v
vams lugdil aunsodiva ladhendwanylugloug

6
01 O CG
C
5 O P-G
4 ﬂ*
9
. t
> Cl
3 O
a 2 -+
(@)
-
1 1
Cr, Hg, Ni, P, Cd, Ca
. Fe Si Si
Pb, Ti, Mn, Zn
0 Tp 2o R B
Na, Mg o @ 1o)) %K Ca
‘ Al Al
-1
-3 -2 -1 0 1 2 3 4 5 6

PC1 (66.38 %)

a L4 J [ @ 1 o
Eﬂﬁ 4.12 Wﬁﬂ1531ﬂ51$1’iﬁ]\1ﬂﬂi$ﬂ6‘ﬂﬁﬁﬂ (PCA) SUENﬂTiﬂiﬁﬂEJGI’J“UE]\‘lﬁWﬂﬂ’q&liﬁ'ﬂ%‘ﬂuﬂ

@ J =)
ﬁ)aﬂﬂ,iﬂ UAZNADITU

A U @ g} o . Ay v a Jd o o
M3 420 flaverimin (Factor loading) M ldanmsnszialsznoud1nny (PCA) upIns

@ 1 @ [ J
ﬂi%%18@]3ﬂl@ﬂﬁ1ﬂﬂ@hiﬁﬂ$‘l’iuﬂ f]ﬂﬂ?lliﬂ Lla$ﬂﬁfﬁu

AN PC1 PC2 PC3 PC4
Bin 0.806 0.012 0.181 0.001
RN 0.901 0.000 0.070 0.029
v 0.009 0.989 0.002 0.000
druiiqame 0.939 0.000 0.019 0.041
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a [ Y ° v (Y A A a o
4.63.2 mydmnzvideyalagly PCA dmsuifadunnuduremasiuszuy P-G
Y v k4
nnmInagon1HFoinas Wase reject AW 10 25 40 %wb 1AUTZU
A A A o @ {1 <3 '
P-G uazilszluvanydunaden waziiaugaudadsluiadefidiuu iudanImsu
[l 1 1 9 [] ] (] Sa A Y a a
vamsdulngatedlugilvoud wuiu odrelsnd e ldaunsnlsalungAnssuveua
9 1 o A dgl = Y o Y a 4 aa 9 a Y
a13 Idederanunngsvu 39 IdhdeyamnInngineadalagldnisinsgiasgney
] 4 4
@1Aey (Principle Component Analysis: PCA) Lﬁﬂﬁﬂﬂ1ﬂ1ii’mﬁ’(]ﬂl@\‘]"fljﬁ)§a NSRS TRIS
a J o o 4 1 ' 1 { 1
WRANIINVEIEINgY Tanzmin dam la uazaassiu Tgylane ldun vamsnluilou
- w 4o d 2 . d . < &
Tudmin Pudloulundasemas Yudlowsinde nazdrungayme Tidanuuinsadu
a 4 ' o J @ 9y
HAN133ATIZH PCA WU Tasansaswunesnlsznonwan1d 2
F4
s 4 Y < a
pen1lsznou An PC1 uay PC2 Tagasnllsznoumnan 2 esdllsznouil esuieanuuisisiuld
3 @ A A a Y
Narua 89.56% asuanaalu 517 4.13 Tagh PC1 oz PC2 o5 u1eanuulsisn’la 62.45%

[4 J

o w J o @ 1 { & Y o
inag 25.11% auaiay Iﬂﬂ‘WU’N PCI duWUTNY ﬂ’qumawamiﬁﬂmﬂauimmwuﬂ nay

Q

A dy 2] dal a v A 1 J v o Jdo
yosuamsidudlonundiyemas uay drungyniell davesdlsznon PC2 duiiusiy
1 d' dy g’ =S oﬂj dy Y J 1Y

nguvoswamsidudlouliniudes Metiagllan pc 2 esdllszney amnsavenanyuz0q
Y Y A 09./} A A A
Joya laneunavun Taieioisan a15190 4.21

: [ 091 o . o J < 1

é]?ﬂuﬁﬂﬂﬂi]ﬁ]EJU”lﬁuﬂ (Factor loadings) ﬂﬂﬂﬂﬂﬂi$ﬂﬂﬂmuuligf’ﬂ Factor

Y v
loadings ¥4 PC1 HAnwduiusiu vaesidwin uaasusasomas naguamsaiuigy
] Y

19 Tuvaig PC2 Tis Factor loadings ¥09 Anuduius funguuaais luiude

[ a 1

o & & & =
natag1 Taen1nsdu Ao ANUFUVBITAYAVIENING 10 D3 40% wt (wb)
(B 1 Aa o 1 1 Y a A A v g R
ludewadenganssunisnszaeal ligzlunuaie uddnzllsmanamaiunan dalag
ajdde misidavezdrenszuauminuanuioudwwaliiUSuamsnszaevessia ligsl

Na199) ua TagagdsiganIngidsedlugdveudivmin



166

5
ol O MC @ 10% (wb)
4 1 O MC @25% (wb)
A MC @ 40% (wb)
~ 3 T
B at
-
g 2 a© /L
(a\]
2
1 4
Al, Cr, Fe, Hg, K, Ni, P, Pb, Si, Ti Ca
O 0 S | | —O R
cen iRt Ca  Ca
-1
2 -1 0 1 2 3 4 5 6

PC1 (62.45 %)

{ a 4 J @ % J o
E‘llﬁ 4.13 ... HaN15AAIIZHeeAlsEnoUYAn (PCA) ‘UENfﬂﬁﬂ§$ﬂ18@]3qlﬂﬂﬁ1@!ﬂij‘hjﬁﬁ$ﬁuﬂ

[ J = @ a . A dy
oanlsa uazﬂa@su“lumqﬂu Waste reject NAINFU 10 25 11ag 40% (wb)

A @ 3’ o . { a Jd v o
519N 421 U993 m1in (Factor loading) ﬁ”léfmﬂm‘nmiwwmﬂizﬂaumﬂty (PCA) ¥939M13

% 1 Y [ J { §
N3zeR1v09519Ng N Tarizniin 6an 15a uazaaesulu Waste reject NAMWFY

10 25 uag 40% (wb)
AN PC1 PC2 PC3 PC4
Bmin 0.858 0.000 0.017 0.124
uSEoma 0.531 0.023 0.434 0.012
v 0.013 0.977 0.009 0.001
qynY 0.733 0.000 0.186 0.080
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4.6.4 MINATDUMITEaZASAKZTHINIINID

4 a L4 a @ a '
Lﬁﬂ\‘lélj?fﬁmﬂfnﬁ'J!,ﬂ3']ZﬁLLﬁW‘]Ji%llluﬂ"l'iﬂﬁ%‘ﬂWfJ@]'JllﬂGllf)\iﬁWﬁiJaW‘H WU UaeT

7

drulugazasdreglugdausudimin miniasanludunistidauanslugiidimin

[

1] ' 4
awrsadanis ladwniglou saldniniu awisoii il 19se Toni Tasldnauiuieag

q

4 v
Y ! Y v A

A o o Y 2 o & Y a = o A ' Yy A
@L!"]Tnlﬂu']ﬁﬂﬂﬂﬁﬁ?ﬂllﬂ MU ﬂﬂﬂT!ﬂuﬁ@QWﬁnﬁm'lﬂQIa‘ﬂ%‘ﬂuﬂﬂﬁgﬁl@g‘lum'l NTIVITD

q

9 v
1 a

Y Y
gnrzazatellgmsduioudedanindon 1wy au uvauhidmiau wieirldaulade

Tagmwizee1989 Taneniinillinpo123 (As, Cd, Hg, Pb) &9lunlasugdlUawmanandy

4
~

[ 4 [} J 3’ Y a 4 [}
pazamsadzanlusunmenysduazdaninld nisimsizimsszazateTanzwiin
Y a o v 9 a
A18ITNIINATOUATNUINTTIUUOI US.EPA  taziinmsnaaoun1sve laneniindlo33

.. .o . : 4 [ { {
Toxicity Characteristic Leaching Procedure (TCLP) %4 lanasauanslunisiai 4.22 uazaisen

1 Y 9 dy A A a 9 = )
4.23 Taewu uur Tud1ve usoInaINa UL UUAI8 2 UY P-G 321ns¥eazals lanswiin
vy o & o o ' - )

ponu latfesnd uernilumsizmsnsgilvesTanzviin uazdawni Fe uag Zn Huua Ty
A Y 1 o A 1 I
Nazgnazazate 1ad1en1 Taneniindue (Rocea et al, 2012) 9619 1509 HANMITNATOUNS

Fzaza1eved lanemiinynsig da lunuiunagiuivue

1 Y
M319N 4.22 Nﬁﬂﬂﬁ@ﬂﬂ?i%zﬁzﬁﬂﬂl@ﬁlﬁﬁ VBIUFOIND RDF-5/WC (70/30)

=
WSeueuseuy C-G uag P-G

519 52UV C-G 52UV C-G wasgiu
Fe 61.7 44.1 Taisviua
Cr 0.097 0.08 5

Hg ND ND laisvua
Ni 0.292 0.245 laisviua
Pb 0.265 0.019 5

cd 0.035 0.002 1

Cu 1.040 0.12 liigvua
Mn 11.17 1.78 laisviua
Zn 12.68 4.59 laisviua

naoma : " AAI§IUAIM US.EPA : Toxicity Characteristic Leaching Procedure (TCLP)
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[ [ 2
M 423 HANATOUMIBLATABVDUNT Waste reject U Waste reject NANUFUA

y 9 @
AMduIUv03 larzniin (mg/l) o
V133U

519 MC @10 %wb MC @25 %wb MC @40 %wb
Cr 0.09 0.11 0.28 5
Fe 67.80 82.34 92.00 lifvua
Hg ND ND 0.12 Tiifmua
Ni 0.38 0.45 0.61 Tiifmua
Pb 036 1.32 1.74 5

e ; fhmm;f;mmu US.EPA : Toxicity Characteristic Leaching Procedure (TCLP)

o d o v
4.7 !!‘]J'Uﬂ1@?)\‘]7]1\‘]ﬂtﬁﬂﬂ1ﬁﬂiﬁ1ﬁ5ﬂﬂ]5ﬂi$lflu5$‘ﬂﬂ
Tumsshunuiassnuadiacmans dmsumsineagannuesuiayemasi lasu
ludslszansamuesmswaauna azuiailu 2 ngu A 1) M3 laslFaaauiiaanms

k4
a Jd o

1 v W a 4 Y 1w
’Jlﬂi1$1/i1/]QLL‘]J“]J‘]J‘i%SJWmLmZLLfJﬂﬁ1@ FINUNUANHUSUDNINITIAUISUY cdﬁq"l,mm ’Oﬁﬁﬂﬁ‘ﬂﬂu

[ a

0AY (Fuel) HazdnI1MItlousInea (Flow) @1HSUMSAUTZUY C-G 1ag 2) Msiue lag

Q

L) [ a

Y

[ o a 1 ARA 4 a
l¥manusuvesiagaudmiumsauszuy P-G Tagnguusnaz 1935 512 HIUUDAD DI
Y oA Iama o a 9y 1 ]
dunrga naznquNaeI9z 1935 1A T HIVV AN IFUTUDE1991Y

Y 1

dsumsaduuuiiassuuuoanouFudunygu Jvuaousuduainmsaendoya
[ a 4 [ [ a o
aulivasy (esllsznoununuensIAAUANYUEMIAUIZUY tazeenlsznouny Uiz
[ [} a H [ ] Jd o 1 [ o [ { [} 4 o‘/ I
AuanbueNsAuszUY) AlanuduiusnuedelivedidgyNszaunndenu 95%0u

[ 4 a Aa a Aa [ a 4

AUMNVOINAFOINAL (CO, H,, CH,) wazdiz@ninimmsnaaund (M.,) #AaMIAATIZY

Y v ]
avduRusaanatl uaaaluasnan 4.24 tag 13199 4.25

{ @ a J [ a { v o J
@]'liNﬁ 4.24 GI’JLHJTE’Jﬁi$ﬂ1ﬂﬂﬁﬂﬂi$ﬂ@’ﬂl!ﬂﬂl!&lﬂ‘ﬁ1ﬂﬂ‘]Jﬁﬂ‘Hﬂ!%fﬂimuigﬁJ‘U ﬁﬁmmanwuﬁ
[ A A ® A a 9 1 A v o W ~ [ A o
ﬂﬂﬂmﬂ1wuﬁ$ﬂi$ﬁﬂ‘ﬁﬂ'lW"UfJ\i!lﬂfff‘ﬂWﬁﬁllﬂ DYNUUITINYNIEAUANNITON U

95%

Predicted Parameter Predicting Parameter (R)

CO AC (-0.967), FC (0.967), VM (0.967), LHV (-0.967), Flow (0.218)

H, AC (-0.771), FC (0.771), VM (0.771), LHV (-0.771), Flow (0.200)

CH, AC (0.942), FC (-0.941), VM (-0.942), LHV (0.942), Flow (0.335), Fuel (0.238)
CcvV AC (-0.261), FC (0.261), VM (0.261), LHV (0.261), Flow (0.851), Fuel (0.600)

MNee AC (-0.618), FC (0.618), VM (0.618), LHV (0.619), Flow (0.402)
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A @ a J v w a Ao v o
MINN 425 AwdsoaszannesndsznounuudsznaunuanyueMSAUIZUY NUANUTUAUS

'
[ I

fuganmuazlszaninmueaunainan 1@ ednedifoddaisauanuieiu

95%
Predicted Parameter Predicting Parameter (R)
Carbon (-0.967), Hydrogen (-0.967), Oxygen (0.967), LHV (-0.967), Flow
CO
(0.220)
Carbon (-0.770), Hydrogen (-0.767), Oxygen (0.771), LHV (-0.771), Flow
HZ
(0.220)
Carbon (0.942), Hydrogen (0.941), Oxygen (-0.942), LHV (0.942), Flow
CH,
(0.335)
Carbon (-0.261), Hydrogen (0.259), Oxygen (0.261), LHV (0.261), Flow
CV
(0.851), Fuel (0.600)
Carbon (-0.618), Hydrogen (-0.613), Oxygen (0.619), LHV (0.619), Flow
n.
¢ (0.402)

a J 9y

k4
[ Y o a 4 o a a
’VIENﬁ]Wﬂuu‘ﬂ'lfﬂf!"llﬂﬁ'lgﬂLLU‘]J%'Iﬁ'E]\?W'I\TﬂmG]ﬁ'lfWﬁllﬂﬂﬂﬂﬂﬂﬂ!%\ilﬁuww@jmiﬂﬂﬂg

v J A @ A

Stepwise selection tazAaaondlsnlanuduRusiues e liisdidynszaunuFely
o a 7 A o v 4 a a

95% Wam a3 Ui neInadiamdas ot eguauiavesnauazlszdninimyes

a 24 Y 1 a 4 dy a

Msnaaundlaglen191nn1531A 1MUY seuIULazuDVHENTI19V0UFDINA

RDF-5/WC (70/30) aauaadli 915199 4.26 uag 15199 4.27 aud1ay

M3 426 wamsadewuitaemuadamans o nenuaidvewnaiazlszd@niam
Y
a ) J a 4 a
yosmswaaund Inelda191nnsaasiziuuulsznaveudomas RDF-5/WC

(70/30) (N =27)

Parameter Prediction model Adj. R’ RMSE
CO -4.059 + 1.315 (FC) + 0.026 (Flow) 0.98 0.62
H, - 13753.82 +413.042 (AC) - 961.124 (Fuel) 0.88 1.13
CH, 7.401 - 0.592 (FC) + 0.028 (Fuel) 0.98 0.25
Ccv 9109.581 +253.611 (FC) - 147.934 (VM) + 0.022 (Fuel) 0.77 0.22
M. 89.837 - 3.222 (LHV) + 0.455 (Flow) - 0.617 (Fuel) 0.89 3.86
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MINN 427 Hamsaduuuiaemmendiamnaas e e aauidvenauazyse@nsaw
Y
YoImswaaund Iagl¥a191An153A5 12 HDUIENT19 YO UFBINE I RDF-5/WC

(70/30) (N =27)

Parameter Prediction model Adj. R’ | RMSE

CcoO -21.187 — 0.891 (Oxygen) + 0.026 (Flow) 0.97 0.61

H, 132.767 - 15.595 (Hydrogen) - 0.163 (LHV) + 0.199 (Flow) | 0.926 0.918

CH, -45.119 + 0.914 (Carbon) + 0.028 (Fuel) 0.98 0.25

Cv -499.831 + 78.114 (Hydrogen) - 8.105 (LHV) + 0.011 0.77 0.22
(Flow)

M. - 31978.87 +4971.986 (Hydrogen) - 515.694 (LHV) + 0.88 4.01
0.136 (Flow)

1oNIZATIADVAVUAFIMVBIMI TS NUDUT 0wV UnAooeFudungy 18iin151ih
a 4 4 a 1 4
miamiwwmmmmmﬁau (Residual analysis) Iﬂfﬂ/‘l%15‘@1&WﬂWﬂ'NiJﬂﬁWﬂLﬂaﬂL!‘JﬂﬂﬁiTu
U o { @ -4 09/1 o o
(Standarized residuals) WU uuumamﬁ”lﬁwmmsﬁumqmsuum@mﬂizﬂammuﬂizmm
[ Y 1
HaZHULYNTD6) FIWAVAANIZMIAUTZUY ﬁﬂmammmmﬁ@ummuquéfmwm “?QLLﬁﬂ\‘i
Y < ' o " A 9y & Y o o Y o
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Plasma-assisted gasification of waste reject from a MBT plant

for syngas production

Running head: Plasma-assisted gasification of waste reject

Thipsuphin Hinsui®* Weerachai Arjharn®, Pansa Liplap®
“School of Environmental Engineering, Institute of Engineering, Suranaree University of

Technology, 111 University Avenue, Muang District, Nakhon Ratchasima 30000, Thailand.

Tel: 0-4422-5007; Fax: 0-4422-4610; Email: ann_engineer@hotmail.com

b School of Agricultural Engineering, Institute of Engineering, Suranaree University of Technology,
111 University Avenue, Muang District, Nakhon Ratchasima 30000, Thailand

* Corresponding author

Abstract

Municipal solid waste (MSW) becomes a very critical issue in many regions of the
world. Various technologies either alone or in combination have been used to solve this
problem. Mechanical and biological treatment (MBT) is one of the most effective
methods for MSW management to divide MSW into different fractions, including waste
reject which presently requires landfill disposal. Waste-to-energy process like
gasification is an alternative to landfills but requires feedstock with homogeneous form
and low moisture content. This work aims to study whether this waste reject can be
used for energy production through gasification process in assistance with external heat

source from plasma arc. Syngas characteristics and system performance were tied to
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the different feedstock moisture content levels ranging from 10 to 40 wt% (wb). Results
showed that plasma arc could reduce limits of feedstock properties in traditional
gasification. However, an increase in moisture content resulted in a reduction of
temperature inside the gasifier, causing a variation in syngas characteristics. Calorific
values were found to decrease proportionally from 8.26 to 4.82 MJ N-'m= with an
increase in moisture content from 10 to 40 wt% (wb). The performance evaluation of
the plasma-assisted gasification system, i.e. syngas yield, energy yield and gasification
efficiency, were negatively influenced by moisture content in the waste reject. Overall,
waste reject can serve as a feedstock for quality syngas production using plasma-
assisted gasification system.

Keywords: waste reject, mechanical and biological treatment, energy production,

plasma, gasification, waste-to-energy
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Evaluation of an Energy Production System from Sewage Sludge
Using a Pilot-Scale Downdraft Gasifier
Weerachai Arjharn,*" Thipsuphin Hinsui,* Pansa Liplap,”® and G. S. Vijaya Raghava.n§

"School of Agricultural Engineering, and *School of Environmental Engineering, Institute of Engineering, Suranaree University of
Technology, 111 University Avenue, Muang District, Nakhon Ratchasima 30000, Thailand

$Department of Bioresource Engineering, McGill University, Sainte-Anne-de-Bellevue, Quebec H9X 3V9, Canada

ABSTRACT: Presently, sewage sludge from has b a critical problem in many regions of the
world because it can inflict harm on human beings and the environment. Gasification technology is wu‘]ely held to be a suitable
and convenient approach to convert waste materials to energy with minimal gr gas i In a pilot-scale
experiment on sewage sludge gasification ultimately aimed at generating electnaty, the reactor temperature profile, syngas
characteristics, and performance of the syngas in the production of electricity were tied to the equivalence ratio (ER) and syngas
flow rate (ie., 100, 150, or 180 N m® h™"). An increase of the ER resulted in an i of the inside the gasifier,
causing a variation in syngas characteristics and the level of tar and dust contamination. Calorific values at different syngas flow
rates were found to vary from 4.20 to 4.87 MJ N~' m™. The syngas obtained at flow rates of 150 and 180 N m* h™' could be
used in an engine—generator set to generate 21 or 47 kW of electrical power, respectively, whereas at the flow rate of 100 N m*
h™", the syngas could only run the engine without electrical load. The specific sewage sludge consumption, which is the amount

of foedatoc ired to gt electricity, decreased with an increase in the syngas flow rate. The performance evaluation of
the sewage sludge gamﬁcatlon system, i.e,, gasification efficiency, engine—generator set efficiency, and electrical efficiency, showed
that these were in the range of those obtained from biomass, such as agricultural residues. Overall, sewage sludge can serve as a

feedstock for electricity generation using a pilot-scale downdraft gasification system.

1. INTRODUCTION

Crucial energy source issues presently arising from the decline
in fossil fuel supplies must be addressed immediately. Many
countries have become increasingly aware of the importance of
renewable energy and have placed greater emphasis on
approaches to an efficient use of potential alternative energy
sources. Moreover, environmental problems arising from
various energy production processes are also an issue of

temperature with a controlled amount of air/oxygen lower than
the complete combustion process. The gas produced can be
used in either an internal combustion engine or direct heat
applications.” Gasification is regarded as an appropriate
technology for energy production because it provides an
overall more efficient conversion of a given feedstock resource
into electrical power than traditional combustion-based
technologies. Additionally, gasification is considered an
i lly friendly technology because it limits emissions

concern to many. Given this si ization

sible for dealing with these problems “strive to develop
innovative technologies of energy p ion, which are not
only beneficial in terms of efficiency and economy but also
environmentally sound.

Sewage sludge is the waste generated in wastewater
treatment plants. With the installation of water purification
systems in more locales, the quanuty of such sludg& has nsen
over the years,' and its disposal
problematic. Currently, the most wtdely used mauagement
methods for sewage sludge are incineration and landfill, along
with its use as an agricultural fertilizer. The disposal of sewage
sludge by means of landfill has become much less acceptable in
the European Union (EU). In addition, because sewage sludge
contains pathogens, heavy metals, polychlorinated biphenyls,
and dioxin,” strong opposition exists for its incineration and use
in cultivation given environmental and health concerns.
Therefore, the development of alternative methods for sewage
sludge disposal is encouraged.

Gasification is an attractive high-temperature thermal process
by which the hydrocarbon in the feedstock is converted into
syngas consisting mainly of CO, H, and CH, at high

< ACS Publications 2012 American Chemical Society
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of sulfur oxides (SO,), nitrogen oxides (NO,), heavy metals,
and fly ash and the potential production of dioxins and furans
as a consequence of the reducing atmosphere (versus the
oxidizing atmosphere typical of incineration).® However, the
presence of sulfur, nitrogen, chloride, and fluoride in sewage
sludge may be released as H,S, NH;, HC], and HF because of
gasification reducing conditions. These compounds lead to the
formation of respective oxides during syngas use; therefore, the
contents of S and N compounds in syngas need to be
monitored and controlled.®

To date, a number of studies have reported the successful
disposal of sewage sludge by means of gasification;">®
however, most such systems were operated at an experimental
or laboratory scale. The efficacy of sewage sludge gasification at
the pilot scale, which would be suitable for the amount of
sewage sludge produced by a wastewater treatment plant, has
been little studied. In the present study, sewage sludge was used
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Published: November 28, 2012
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to produce electricity using a pilot-scale downdraft gasification
power plant. The capability and efficiency of the gasification
system are evaluated. These results will inform the future
development of sewage sludge gasification systems in a
concrete manner.

2. EXPERIMENTAL SECTION

2.1. Sample. Sewage sludge was supplied from activated sludge
wastewater treatment plants located on the Kabinburi Industrial
Estate, Prachinburi province, Thailand. The companies mostly relate
to bleaching and dyeing processes. Because raw sewage sludge
contained lots of water (approximately 80%), it was sun-dried on a
cement floor for 45 days (Figure 1a) until the moisture content

and developed by the Si University of Technology, Thailand,
and Satake Corporation Co., Ltd., Japan. The gasifier was
manufactured from mild steel and equipped with an inner lining of
insulation and high-temp ceramic. The gasifier height and inner
diameter were 3.11 and 0.75 m, respectively. A grate was placed at the
bottom of the gasifier to hold feedstock. Below the grate, a screw
conveyor with a water jacket was installed for charcoal removal. Nine
air nozzles with a diameter of 10 cm were installed around the
combustion zone. The gas cleaning and cooling system was located
next to the gasifier, including a cyclone coll water bb
chilled water scrubber, biomass filter, and bag filter. To assess
electricity production, an engine—g set with a maximum
power output of 85 kW was used. The various elements of the
downdraft gasification power plant are shown in Figure 2.

Figure 1. Photographs of (a) dried sewage sludge and (b) briquetted
sewage sludge.

decreased to approximately 20%. The dried sewage sludge was ground
to minimize its size (<10 mm) before subsequently briquetting into
cylindrical shape (45 mm in diameter and 40—S0 mm in length; Figure
1b) using a conical extruder. The moisture content after briquetting
was less than 15%. Characteristics of sewage sludge were determined
by means of proximate analysis (ASTM D1762-84 and ASTM D2015-
77 standards) and ultimate analyses [CHNS element analysis (LECO,

q d sewage sludge was manually loaded into the gasifier until
it reached a predetermined level. All nozzle valves were opened to
allow air to flow through the gasifier. The scrubber circulating pump
was switched on to start up operations. The sewage sludge was then
ignited through an ignition port located at the combustion zone using
a pilot lighter. The heat generated in this zone evaporates moisture
within the biomass in the drying zone and drives pyrolysis and
gasificati . Once the gasification process had been
completed, the syngas left the gasifier through the gas cleaning and
cooling system. Contaminants, such as dust, pyrolytic product (tar),
and water vapor, were initially removed by directing them through a
cyclone collector, followed by water scrubbers and a chilled-water
scrubber. Because tar vapor cond at low temp most of
the tar was trapped by the cold water in the chilled-water scrubber.
The moisture in the wet gas from the chiller scrubber was removed by
passing the gas through a biomass filter containing wood chips. Finally,
bag filters, which can entrap particulate matters as small as 0.1 mm,
served to ensure that the gas produced would be clean enough for the
gas engine.

The effects of air supply on the gasification process were
investigated by varying the syngas flow rates (i, 100, 150, or 180
N m® h™") using a blower installed in the gas line. The blower speed

CHNS-932) and an energy-dispersive X-ray fl p

djusted using an invertor. The syngas flow rates were measured

(EDXRF, ED 2000)].
2.2. Experimental Apparatus and Procedure. A pilot-scale

using an electronic flow gas meter (model DIG-SIDO-O, Nippon
Flow Cell, Japan) located between the bag filters and the engine—

open top downdraft gasification system was collab y g1 g set. At the beginning of each experi | run, syngas
No. Description No. Description
1 Gasifier 6 Biomass filter
2 | cyclone collector 7 Bag filter
3 Water scrubbers 8 Flare
4 Flocculation tank
Buffer tank

gasification system and gas sampling positions.

dx.doi.org/10.1021/ef3012728 | Energy Fuels 2013, 27, 229-236
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Figure 3. Position of thermocouples installed to the gasifier.

position was d prior to its introduction into the engir
generator set. Until a sufficiently high-quality mix was obtained, any
gas produced was burned at the flare. Once the gas quality was
sufficient for the engine to operate (gas calorific value > 4.2 MJ N™~*
m™), all measurements were performed. For each operating
dition, the gasification system was op d i ly for 24
h and the data (syngas composition, tar and dust contents, biomass
ption, and ash discharge) were collected every 30 min and
presented on average values.

To monitor the temperature inside the gasifier, six K-type
thermocouples, installed vertically 0.66, 1.06, 1.46, 1.86, 2.28, and
2.70 m downward from the top of the gasifier (Figure 3), were used to
measure the temperature distribution inside the reactor. The
temperatures are measured at intervals of 30 s to record the
thermochemical conversion phases: drying, pyrolysis, combustion,
and reduction.

To reduce the number of parameters, the equivalence ratio (ER) is
used to reflect the combined effect of the air flow rate, rate of sewage
sludge supply, and duration of the run. The ER is calculated by

ER = (air flow rate/sewage sludge consumption rate)

/(air flow rate/sewage sludge ption rate)

[low heating value (LHV)] were calculated from the bustibl
gases, using the heating value of 13.1 MJ N™' m™ for CO, 11.2 MJ
N~ m™ for H,, and 37.1 MJ N m™* for CH,.® Gas impurities in the
form of tar and dust were quantified at three different positions, ie.,
after gasifier, after water scrubbers, and after bag filters, by drawing the
produced gas using a vacuum pump. In brief, the moisture content of
the produced gas was gravimetrically d by passing it through a
U tube containing CaCl,, which was submerged in ice. Then,
approximately 300 L of syngas was passed through a filter paper (GF/
B) with 47 mm in diameter. The total tar and dust was quantified by
drying the filter paper in an oven at 105 °C for about 6 h.® The dried
filter was then rinsed with anisole to wash away tar from the filter. The
difference in the weight of the filter after drying was used to calculate
tar and dust contents with respect to the dry gas volume.

3. RESULTS AND DISCUSSION

3.1. Sewage Sludge Characteristics. Physical properties
along with proximate and ultimate values of sewage sludge
components are presented in Table 1. Sewage sludge obtained
from waste treatment plants had a moisture content of
ly 80% [wet basis (wb)]. Once sewage sludge

(V)
The performance of the gasification system was evaluated by the
following parameters:®

V.LHV,
n = g g
§ Mg LHV g 2)
0
¢ VLHY ®)
__ 36R
Mgl HViugge (4)

where 7, is the gasification efficiency (%), 7. is the engine—generator
set efficiency (%), 74 is the electrical efficiency (%), My, is the
sewage sludge consumption rate (kg h™"), LHV, is the calorific value
of gas produced (MJ N~'m™), LHV,j4 is the low heating value of
sewage sludge (MJ kg™'), P, is the electrical power output (kW), and
V, is the volume flow rate of gas produced (N m® h™, dry gas).
23. Gas Quality Analysis. Gas g d from the briquetted
sewage sludge was collected at the sampling port located b the

apprs
was sun-dried for 4—5 days, its moisture content dropped to
roughly 20% (wb). The dried sewage sludge formed spherical
aggregates approximately 2—10 mm in diameter. Because
feedstocks of a small size are not compatible with downdraft
gasification technology, the dried sewage sludge was briquetted
into cylinders 45 mm in diameter and 40—50 mm in length.
The moisture content and bulk density after briquetting were
approximately 15% (wb) and 380 kg m™, respectively. The
upper limit of the moisture content for downdraft gasification is
usually no more than 20% (wb) because heat loss as a result of
water evaporation is considerable and can reduce the overall
gasifier temperature, impairing gasification reactions."’
Proximate values of sewage sludge include moisture content,
volatile matter, fixed carbon, ash content, and heating value
(Table 1). The volatile matter and heating value of sewage
sludge were fairly high and comparable to those of other forms
of biomass."" The heating value generally indicates the potential
of feedstock to generate heat during combustion, resulting in
the release of important volatile components used in syngas
production. However, sewage sludge was found to have a high
ash (30.45% on average). This could potentially cause

bag filters and the engine—generator set (Figure 2) and analyzed
means of gas chromatography (SIMADSU, GC-14B). Calorific values

231

difficulties in system operation because the ash produced would

dx.doi.org/10.1021/ef3012728 | Energy Fuels 2013, 27, 229-236
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Table 1. Characteristics of Sewage Sludge Derived from

Activated Sludge W: T Plants (Bleaching
and Dyeing Processes)
value
analysis parameter 1 i il
physical properties  density (kg m™*) N/A 204 380
size (mm) N/A 1-10 45 X 45
moisture content 80 20 15
(wt %, wb)
proximate analysis  moisture content 15.00 + 1.5§
(%) as received
moisture content 6.44 + 0.50
(%) as air dry
volatile matter 56.00 + 2.97
(wt %, db)
fixed carbon 7.11 230
(wt %, db)
ash (wt %, db) 3045 + 124
net a.lori!il: value 13.55 + 048
received N
ne(tM?li;ﬁ‘c) valus 15.32 + 0.55
as air
dry
gross calorific value 17.11 + 045
(M kg, db)
ultimate analysis carbon (C) 3638 + 0.06
(wt %6, db) hydrogen (H) 586 + 0.17
nitrogen (N) 522 +0.16
sulfur (S) 098 + 0.0S
oxygen (O) 47.98 + 028
heavy metal and copper (Cu) 12.90 + 0.03
oue: iron (Fe) 23.60 + 0.87
(g kg™, db) zinc (Zn) 331 + 003
cadmium (Cd) 0.01 + 0.00
lead (Pb) 026 + 0.10
chlorine (Cl) 7.40 £ 0.16

need to be removed from the gasifier frequently. In addition,
the high ash content promotes clinker formation, which
generally occurs in the combustion zone if the temperature
reaches 1100 °C.'> As a result, the quality of syngas is
decreased. It has been suggested that the ash content above 5%
is likely to cause clinkering and slagging problems."* In addition
to the quantity mineral matter, its composition is also very
important, because of the possibility of sintering and slagging
formation.'*

From the ultimate analysis, the empirical formula for sewage
sludge is CH;;0p99 and the stoichiometric air/fuel ratio is
5.06. The carbon and hydrogen of sewage sludge, which are the
main elements in syngas production during thermochemical
reactions, are similar to those of other forms of biomass.'" This
implies that sewage sludge could be used as a feedstock for
energy production using gasification technology. The amount
of sulfur contained in sewage sludge was found to be relatively
high (0.98%) when compared to biomass (0.01-0.07%),"
indicating its adverse effect on air pollution (SO, and H,S are
also high). However, because gasification works at limited air
supply conditions, the ?roducﬁon of SO, tends to be much
lower than combustion.’® The sulfur is mostly in the form of
H,S;"” therefore, special care must be taken while gasifying with
this material. In the long run, H,S in both liquid (scrubbing
water) and gaseous (exhaust gas) phases needs to be
monitored. An adjustment of experimental conditions and the
use of effective sorbents are most advisable. The amount of

232

chlorine found was less than many types of biomass generally
used in energy production.'® However, sewage sludge
contained a relatively high iron (Fe) content. This is
attributable to the iron compound FeCl; being used during
primary wastewater treatment. Other heavy metals, such as Cu,
Zn, Cd, and Pb, were found to be more in sewage sludge than
in biomass.' In general, sewage sludge with a high heavy metal
content requires special management. For gasification technol-
ogy, even though most of the heavy metals are still retained in
the product char,'®'? it has been reported that their release was
quite low, complying with the EU limits for landfill inert
residues and also with the limit in use in the U.S.A*

3.2. Temperature Profile. A typical temperature distribu-
tion showing the various phases, drying, pyrolysis, combustion,
and reduction, is shown in Figure 4. In general, the temperature
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Figure 4. Example of the temperature distribution with respect to
experimental time (at 100 N m* h™').

at different locations is quite stable along the height of the
gasifier. The average temperature difference between the 0.66
and 1.46 m positions was small at less than 100 °C. The main
process taking place in this zone is drying. The moisture
contained in the feedstock is driven off until the temperature
increases up to 200 °C.'° The temperature then increased
rapidly from the 1.46 to 1.86 m position (~800 °C), where air
was supplied to the gasifier. Sewage sludge was pyrolyzed in this
zone at temperatures ranging from 280 to 500 °C, leaving solid
char behind and releasing volatiles consisting mainly of CO,
and tar."® The highest temperature was obtained at 1.86 m,
which is the heat heart of the gasifier (combustion zone). At the
last stage, the temperature decreased to an average value of 500
°C because of endothermic reactions by which the product
gases produced from the upper zone are reduced with carbon
(charcoal), producing syngas consisting mainly of CO and H,.
In §enera1, the temperature in this zone should be above 500
°C.*! The average gas temperature at the gasifier exit was 520
°C

In this study, the system was controlled to obtain different
syngas flow rates at 100, 150, and 180 N m® h™! and used for
generating electricity. Ultimately, changes in the syngas flow
rate change the ER for the gasification process, which is a
crucial p in the develop of syngas quality. Figure
S shows temperature profiles of the gasifier burning sewage
sludge according to the ER. As expected, temperatures inside
the gasifier were found to be proportional to the ER; that is, the
greater the ER value, the higher the temperature profile level.

dx.doi.org/10.1021/ef3012728 | Energy Fuels 2013, 27, 229-236
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Figure 5. Temperature profiles of sewage sludge along the gasifier at
different ER values.

The increase of the temperature is attributed to the increase of
air available for exothermic reactions as the ER increases. The
temperature profile pattern of sewage sludge in this study was
similar to that of high bulk density biomass feedstocks, such as
briquetted rice husk and briquetted cassava peel.' In addition
to the gas flow rate, temperature profiles are dependent upon
con}l;gftible characteristics, such as size, texture, bulk density,
etc.”

3.3. Syngas Composition. Results show that the syngas
composition obtained from sewage sludge under different ER
values (Table 2) is more or less the same as that obtained from
other types of biomass.”>~>* The syngas consisted of CO, H,,
CH,, O, CO,, and N,. With the increase of ER from 0.24 to
0.34, the concentration of combustible gases, ie.,, CO, H,, and
CH,, tended to decrease. As a result, calorific values (LHV)
calculated from the combustible gases decreased from 4.87 to
420 MJ N™' m™. Partial combustion of tar and syngas at
higher ER values may explain the reduction in the LHV, as
illustrated by the inverse relationship between combustible

gases and CO,. Moreover, the decrease of the LHV is
attributable to the increase of the nitrogen dilution amount
because of the increases of air supplied to the gasifier.”®
However, even though the increase of air flow rates causes a
reduction in LHV, the LHV of the syngas obtained in this study
was sufficiently high enough for its use in a gas engine with a

ini energy requi of approximately 42 MJ N~*

m7

3.4. Tar and Dust. Tar and dust play an important role in
the gasification process and engine operation. High tar and dust
contents in the syngas cause the shutdown of gasification
facilities because of blocking and fouling of downstream
applications, such as turbines and engines, thus requiring
post-treatment, maintenance, and complicated cleaning.
Table 3 presents tar and dust contents in the gas produced
at different ERs and locations, ie., after gasifier, after water
scrubber, and after bag filter. Increasing the ER from 0.24 to
0.34 led to a small red in the tar i diately
after the gasifier. This reduction of tar could be explained that a
part of tar was burnt with the supply air and the other part was
further thermally cracked into the secondary tar in a local high-
temperature zone.”® However, the increase of ER slightly
increased the dust content. This is probably due to the fact that
the increase of the flow rate in the system causes turbulence
flow, which results in more dispersion of dust in the gas line
system. After the gasifier, the syngas flowed through water and
chilled water scrubber units, removing 46—82% of the total tar
and dust contents. Despite efficiently trapping particulates in
the syngas, the water causes a great reduction of syngas
temperature, especially in the chilled water scrubber. When tar
aerosols contacted the water surface, the water would absorb
soluble tar, while insoluble tar would cond to become
liquid phase and was washed away with the water. As a result, a
considerable amount of tar was removed (58—92%) from the
gas stream. This result was slightly better than those reported
by Phuphuakrat et al.>® (47—74%), who conducted experiments
without including the chilled water scrubber unit. The

Table 2. Experimental Results of the Gasification Test

equivalence ratio (ER)
parameter unit 024 031 034

syngas flow rate (dry gas) Nm’h! 100 150 180
power output (electricity) kw 0 21 47
A/F ratio N m®kg™! 120 155 171
$S“ consumption rate kgh™ 6823 + 098 79.00 + 1.02 9826 + 0.87
specific SS consumption kg kW' b 3.76 + 0.14 2.09 + 020
ash discharge rate kgh 21.90 + 033 23.80 + 038 29.80 + 0.40

% 32.10 + 0.69 30.13 + 049 3033 + 036
composition (db)
co % 15.11 + 0.40 14.13 £ 0.57 13.19 + 0.63
H, % 1820 + 0.54 15.51 + 046 14.89 + 0.56
CH, % 239 +0.16 223 + 026 214 + 027
N, % 50.01 + 120 SL10 + 145 5310 + 143
0, % 0.57 + 0.10 0.98 + 0.13 111 + 019
co, % 13.72 £ 0.57 15.98 + 047 17.01 + 0.84
LHV M N m™! 4.87 +0.09 441 + 013 420 +0.12
specific syngas yield N m'kg™! 147 +0.02 1.90 + 0.05 1.83 + 003
g % 52.67 + 023 61.65 + 041 5629 +0.33
e % 1145 + 0.12 2257 +023
Na % 7.06 + 0.16 1271 £ 0.09

“SS = sewage sludge.
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Table 3. Tar and Dust Contents at Different ER Values and Pipeline Positions

impurity (mg N™* m™)

after gasifier after scrubber after bag filter
ER tar dust total tar dust total tar dust total
024 7678 +£ 625  47.54 + 6.95 124.32 + 2.06 651 +£230 1541 +219 2192+ 043 0.0 + 00 0.00 £ 0.00 0.00 + 0.00
031 7491 £576 4191 +589 11682+ 184 3160 +393 3124 +241 6284 +372 184+097 134+081 3.18 £ 0.16
034 7286 £ 650 6235 + 4.79 135.21 + 3.52 1409 + 582  2865+399 4274+ 182 406+066 692+ 0.63 1098 + 0.29

performance of scrubber units depends upon the flow rate of
syngas, the inlet tar components, and their concentrations.”
Finally, most of the remaining tar and dust was trapped by the
bag filters, resulting in final total tar and dust contents of less

power outputs is less than that required at lower power outputs.
On average, the specific sewage sludge consumption at 150 and
180 N m’ h™! syngas flow rates were 3.76 and 2.09 kg kWh™".
In comparison to other studies, the amount of sewage sludge

than 11.00 mg N~' m™. Typical tar and dust g ted from
biomass in a downdraft gasification system have been reported
to range between 50 and 500 mg N~ m~***' depending upon
the raw material, gas1ﬁer design, expenmental conditions, and
tar collecuon methods.*” Using sewage sludge in gasification,
Dogru et al.'? reported that the tar and dust collected after the
gasifier were 637838 mg N~' m™, while Phuphuakrat et al
obtained 1300 mg N~ m™>. This indicates that the gasification
system used in this study can produce very good quality syngas,
clean enough to use in a gas engine—generator set.®

3.5. Electrical Power Output. Clean syngas, having passed
through the bag filter, was used to generate electricity using an
engine—generator set, whose specifications are presented in
Table 4. The power consumed was determined using an

Table 4. Specification of the Gas Engine—Generator Set

engine engine make Cummins
model G855-G-BO
bore and stroke mm 140 x 152
compression ratio 10:1
number of cylinders 6
power hp 160
generator output kw 85
engine speed pm 1500
voltage v 400
frequency Hz S0

electrical load. The effect of the syngas flow rate on ultimate
syngas power output is shown in Table 2. Syngas flow rates of
150 and 180 N m* h™* could be used to generate electricity,
with maximum power outputs of 21 and 47 kW, respectively.
However, the syngas flow rate at 100 N m*® h™' was not able to
generate electricity; the syngas energy was just enough to run
the engine without an electrical load.

3.6. Sewage Sludge Consumption Rate. Sewage sludge
consumption increased with an increase in the syngas flow rate
(Table 2). The sewage sludge consumption rates at 100, 150,
and 180 N m® h™" syngas flow rates were 68.23, 79.00, and
9826 kg h™', respectively. The increase of sewage sludge
consumption is due to the fact that, when the syngas flow rate
increases, the air flow rate also increases, providing more
oxygen to oxidize and a higher of bi tob

d. The bi c ption rate increases because of
not only a higher combusuon rate but also an enhanced
pyrolysis and drying rate.® H , when the of
biomass required to generate electricity (specific sewage sludge
consumption) was taken into account, it was found that it
decreased as the syngas flow rate increased. This indicates that
the sewage sludge needed for electricity generation at higher
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required to produce the same L?ower output was similar to that
of other forms of biomass.'*

3.7. Charcoal Removal. Charcoal removal from the gasifier
is crucial in operating the gasification system. The charcoal
removal rate was dependent upon the ash content of each
biomass; the higher the ash content, the higher the charcoal
removal rate. The rate of charcoal removal can be calculated as
follows:

percentage of charcoal removal
= charcoal removal rate (kg i™")
/sewage sludge consumption rate (kg h™") (5)

The percentage of charcoal removed from the gasxﬁer is usua]ly
equal to the ash content obtained from the pr

In this study, the ash content of sewage sludge was 30. 4596

therefore, the percentage of charcoal removal was controlled at
approximately 30%. As the feedstock consumption rate
increased with an increase in the syngas flow rate, the charcoal
removal rate increased proportionally (Table 2). The charcoal
removal rates under the 100, 150, and 180 N m® h™' syngas
flow rates were 21.90, 23.80, and 29.80 kg h™", respectively. In
addition to a charcoal removal of 30%, the charcoal removals
above or below 30% were also investigated. Charcoal
accumulated inside the gasifier was melted and turned into
slag, which attached itself to the gasifier wall if the percentage of
charcoal removal was lower than 30%. After a period of time,
this slag accumulation was sufficient to obstruct the movement
of feedstock from the top and eventually shutdown the
gasification system. Comparatively, operation with the charcoal
removal of 40% resulted in system termination by extinguishing
the flame inside the gasifier. Therefore, it is necessary to
establish the percentage of charcoal removal of high ash content
feedstock prior to real operation. On average, the volume of
gasified sewage sludge was reduced by 70% compared to that of
the initial.

3.8. Efficiencies of the Gasification System. The
gasification system was evaluated on the basis of specific
syngas yield, gasification efficiency (77,), engine—generator set
efficiency (7.), and electrical efficiency (7,). As shown in Table
2, an increase in the ER trended to increase the specific syngas
yield, with the highest value of 1.90 N m® kg™". The result
obtained in this study is in accordance with those reported by
other researchers.’ The value of 7g increased from $2.67% at
ER = 0.24 to 61.65% at ER = 0.31 and then declined to 56.29%
at ER = 0.34. The increase in 7, was probably attributable to
the increase of the air flow rate when the ER increased. As the
air flow rate increases, the oxidation reaction is enhanced by the
increased oxygen feeding rate, and the greater heat in the

dxdoi.org/10.1021/ef3012728 | Energy Fuels 2013, 27, 229-236
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oxidation zone promotes more endothermic gasification
reactions. As a result, the 7, increases with an increase in the
ER.* However, as the CO, content in the syngas increases with
the combustion reaction, the heating value of synthetic gas
decreases, thus decreasing the 7. In this study, the gasification
efficiency for sewage sludge was found to be in the range of
those derived from biomass feedstocks.>**

The 7, was calculated as the ratio of energy equivalent of
electrical power output to the rate of energy supplied to the
engine. The result of the #, as a function of electrical power
output is shown in Table 2. The 7, increased with an increase in
the electrical power output. At the maximum power output
achieved in this study (47 kW), the engine—generator set
efficiency was as high as 22.57%. Similar trends were observed
for 7, as with 7, (Table 2). The #, values at 21 and 47 kW
were 7.06 and 12.71%, respectively. The 7, and 7, obtained in
this study with sewage sludge are similar to those achieved with
various types of biomass using the same gasification system.'S
This means that sewage sludge can be efficiently used as
feedstock for producing electricity.

4. CONCLUSION

In this study, sewage sludge was used to produce electricity
using a pilot-scale downdraft gasification power plant. The
effects of the ER and syngas flow rate in the system on
gasification system parameters were investigated. Temperatures
inside the reactor were proportional to the ER. Calorific values
tended to decrease as the ER increased from 0.24 to 0.34, with
values ranging from 4.20 to 4.87 MJ N™' m™. For electricity
generation, the syngas flow rates at 150 and 180 N m® h™*
could be used in an engine set to g electricity
with electrical power outputs of 21 and 47 kW, respectively,
while the syngas flow rate at 100 N m* h™" could run the engine
without electrical load. The feedstock consumption rate was
found to increase with the syngas flow rate, but the specific
feedstock consumption decreased as the syngas flow rate
increased. An appropriate percentage of charcoal removal was
approximately 30% of the biomass consumption rate, while
discharge rates above or below 30% caused system termination
by blocking the movement of the feedstock as a result of slag
formation or extinguishing the flame inside the gasifier,
respectively. Gasification efficiency was at a maximum at a
syngas flow rate of 150 N m® h™', whereas engine—generator
set efficiency and electrical efficiency increased with an increase
in the syngas flow rate or electrical power output. The results
obtained in sewage sludge gasification were comparable to
those obtained from biomass. Overall, sewage sludge can be
used to generate electricity using a pilot-scale downdraft
gasification system.
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Abstract

In the present study, the energy production from refuse-derived fuel (RDF) using gasification
technology in fixed-bed downdraft gasifier was studied. The gasification system had a capacity of 20 kWe or
360 kWth. Results showed that syngas CO, H; and CH, occurred in an average concentration (v/v) of 18.37%,
11.92% and 2.87%, respectively, and the syngas calorific value was 4.81 MJ/Nm”. The maximumn gasification
effidency (1Ng) achieved was 46.25% at the syngas flow rate of 116.7 m’/hr. The average fuel consumption
was 63 kg/hr, and thermal energy production was 167.39 KWth. The total tar and dust was 40.4 mgNmS.
Overall, the syngas cbtained in this study can be used for thermal application and used to generate
electricity by internal combustion engine.

Keywords: Fixed-bed downdraft gasifier, Refuse-derived Fuel (RDF), Syngas
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