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ABSTRACT

The purpose of this research was to design, develop and evaluate
performance of high efficiency biomass stove for pellet with compared conventional
biomass stoves and liquefied petroleum gas stove. The research was started of
design and calculate size of combustion chamber and air flow rate. The high
efficiency biomass stove has direct combustion combined with exhaust gas
recirculation with air. Which feeds two air channels together Is the primary air
channel and the second air has pellet fuel by corn cob, wood chip and rice straw.
The experiment was equivalent ratio of 0.6 - 1.40, adjust the fuel feed rate of fuel
input rate, including 3 kg/h, 5 kg/h and 7 kg/h. Testing by boiling water. The second

air which will feed exhaust gas recirculation with air the ratio of 10% and 20%

The results of this study on design high efficiency biomass stove have
diameter and height combustion chamber with using three fuel was of 20 cm and 35
cm respectively. The use of corn cob pellet fuel at the best conditions resulting in a
high efficiency biomass stove and have good performance using air at the equivalent
ratio adjustment of 1.20 or 17.12 m*/h and the fuel feed rate of 3 kg/h. Have specific
fuel consumption and specific energy consumption is 0.92 k¢/kWh and 14.19 MJ/kWh
providing the highest thermal efficiency. 38.07% use the boiling period of 15 minutes,
boiling water temperature is between 98.2-101.2 °C. While the use of wood chips
and rice straw gave the highest heat efficiency of 35.56% and 31.78% respectively.

Increasing EGRA feed rate 10% given the rate of fuel consumption, energy
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consumption and thermal efficiency close to 0% EGRA or equivalent ratio 1.20, on
the contrary, the CO, NOx and NO, emissions are reduced. Balancing the incoming
mass of combustion is equal to the mass produced after combustion. The input
mass of the pellet fuel is 21.63, 22.77 and 18.72 respectively. The output mass from
the system is divided into the amount of product gas (CO, CO,, H,0, N,, O,) and total
ash. The energy balance in the system is 60.71 MJ, 74.34 MJ and 67.55 MJ
respectively. The energy released from the system has heat energy to be utilized.
Heat loss of energy through the biomass stove wall (Qys) and exhaust (Qg). The cost
of producing the heat biomass ER 1.20 and EGRA 10% found that using corn cob
pellets production costs of thermal energy minimum 252 baht/kWh and 2.91
baht/kWh, while the LPG maximum thermal energy production 4.68 baht/kwWh. And
in the economics, the ER 1.20 of the use of corn cob pellets provides the highest
heat efficiency. With a payback period of 1.25 year, net returns of 85,739.23 baht,
savings of 28,294.12 baht/y and an internal return of 74.82%

Keywords :  Biomass, High efficiency biomass stove, Pellet fuel, Agricultural waste
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A a 7] 3 [ s a
N1 NTURAINAIUNAUYULZBYTNUNAINU (W) NTENTIINGIY, (2556)

\Wondsaunadadia (Pellet)

msldusslomianntana wieTaquisfwensnvnstursudrwilienn Ween
Fanafinuanifuasdnuasiifimumainuans Tasamedgmiunaanifanumui
yesinnafiidreudiedi fafunisidunaulivssleeddesududonidananiu
NIEUIUMIRLAILMUILLY (densification) wagmsdndiaidamaadudnuumadennis
Tunsiisaruuilitudemdsdang eanlifuauaulawasidunuiam @3ned
lanna, 2558)

Womassauin Aeifoimisiignuusantninainnisdasindunaliidnsusduua

[
v <f

nauﬁﬁmmwumﬁuqq ﬁﬂlﬁ‘lvﬁ'r‘ﬁ"@mﬁqﬁﬁﬂ%mmwi"'lLLazﬁﬂ%u’nmwa"wquﬂﬂmauqq'uu
Fomawasinarmnlunisiafiu msvuds Sedensihluldulasdiundenu wesd e
yaaliuninenssssued msldusslovdandanadaula TouAnsTaudeuiinne dy
Tudssimmannun uaglfifiudomdslunissdnliidmiulsslniimiegramnssusiig q

(Seynawg Wasdn, 2558)

v d o
1. m3daliaduig
wn3038nLiin (Pelletizing press) UsenaumiguaiRunuazgnnas dausednsening
wiRuifugnnaniiidaauieunnusadend lasvhnissaingiuduudfamiiniziug

- o a £ e la € . . a ) 1o €
293 2 WUU ADLATDNDALUULLNUNLNUNAN (Disk matrix press) LAZLATDIBALUNNNIILKAIU

. . X a w P 1Y v @ v
(Ring matrix press) uingamdsdnadinigndnes nuudrvzgndadmelulianuwuiauarainy
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g1Nfmuall Feunfivrlinnnuenideaendt 30 mm uasliduiiAudnats 5-15 mm auvis

w a 1 v A 8/ LY € s @ a = L4
E]ﬂiJ‘UU’]ﬂIWQJ}ﬂ’J’]u 'QSI‘UH’I?EJG\LUHQHU’]F]HLLV]Hﬂ’]iE]ﬂLlJﬂLLUULﬂlJ (MoIvIneg Walnwy, 2552)

Roller
; Die holes
L, (channels)
5,1“’ ”:N - :»\"),} %
Raw mailerial ”S / ’/,,M\‘\ [ |
distsibution e BALLY S
b 4 1 j i

it e e ’&Q\%K}

Knife Pellets

d dl L 1a ] . ..
AN 3 1AIDOALUULIANWUEUNGN (Disk Palletizing press)

a' d' s e « . ..
AN 4 LASBIDALUULNWLNIKIU (Ring Palletizing press)

NITUIUNTHNANTDIWAITINIAALIIA

]
a <

1. ns¥UIUNISHaE (crushing process) LunszuiunsuntaeTngaundlivuialy
wnraudmiunmsudsseniunasvuaneu Wy wiwld Ynll waenlsl wiedn Tudes waih
Wusu Ineiasaadnsniddmsuniseasivaieuseny 1wu shredder, crusher, hammer mill
Budu

& . I & d{' v

2. NSTUIUNTAAAIUTY (drying process) LUunszUIUNISIUNNTaNAIUTUIND I

TmgRudanurunivinzauiunszuIuniIdn 1esesdnsvildae rotary drum dryer
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insanidon 1nsannss I wazinsaldauinly auaianuaniesiusazinsnfetises
ALY Wesdudidh uarautuiifedludemaiisnasaia uidwiuusemely
@avzlduinigiuredglsy EN 14961 wag ENplus UasannsgIuesni (PFI) (wninende
Aauins, 2555)

4 = ] “ll = o/ =
ATNN 2 LLﬁﬂx‘]ﬂ’]iLUiﬁJ‘UL‘V]EJ‘U?J’WIiﬁ’]‘uL‘U’e]LWﬁQ@ﬂLfJWUaQBLiJiﬂ’]LLaSEﬂiﬂ

Qmauﬁﬁﬁ’amﬁa WA5§U PFI Standard 1MIEU EN 14961-1
Bulk Density (kg/m?’) 609 - 737 2600
Diameter {(mm) 5.84 - 7.25 6-12
Pellet Durability Index (%) 95.0 > 950
Fines (%) <10 <10
Inorganic Ash (%) <20 < 0.7
Length (%) greater than 1.50 (inches) <1.0 <5
Moisture (%) < 10.0 . <10
Chloride (%) < 300 (ppm) < 0.02 (%wt)

Heating Value (MJ/kg) As-Rec. + 25D Minimum value

A3 19 3 AuENYarTBITamiTnadadefiseinisdmsulszmelng

AENUR NIATITUAT INTARMNTNES
Bulk Density (kg/m?) > 600 kg/m® > 600 kg/m’
Diameter (mm) > 6 mm < 12 mm >6mm< 12 mm
Pellet Durability Index (%) > 95 %wt > 95 %wt
Dust (%) < 3 %wt < 3 %wt

Length {(mm)

Length (%) greater than 40 (mm)
Moisture (%)

Heating Value (MJ/kg)

Ash (%)

Chlorine (%)

Sulfur (%)

Nitrogen (%)

2 3.15 mm < 40 mm
< 1 %wt

< 10 %owt

> 14.6 MJ/kg

< 20 %wt

< 0.02 %wt

< 0.08 %wt

< 0.3 %wt

2 3.15 mm < 40 mm
< 1 %wt

< 10 %wt

> 16.7 MJ/kg

< 10 %wt

< 0.02 %wt

< 0.08 %wt

< 0.3 %wt

U NINRANWAINUMAWULEraY SN ENEINY, 2555
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a =

AT (Moisture, M) AaUsunautiniiegluildemasdnua dusnnidamdadiumg

= - I

= & & a & & a ada « | o K
Q%NWQWH‘UUQQW‘N']SLUUNaNamV]'Nﬂ']iLﬂ'UWi ‘UQLUU&QN‘U?Wﬂaﬂﬂﬂizﬂaanu‘LﬁﬁJLUuuq

<

e 4‘1’ o d‘l’ o d" 1 ) 4‘1’ a [ 5 4‘1’ a < o L4
Uunaanuduimuludemadunatuedfurlinveadewds mduiemadsdunamianly
a & " a | v a a v ' & o @ a ¢
msfianudulidiiiu 50% Wweldliiiansgydeanudeulunislaaudy dmiumslinsed
U3UuAIuAiunuisuInggIu ASTM D3173 Tasindewdsdruiamulivninusauaaily
v . < a < - & a ' & A4
@oU (Drying Oven) Migaungil 105 °C inelilaunszimeaananniyaindadania Arruiud

1 4 o .ol v v ' 4‘1’ a A [ o
leaunsaAwuaniiuine s eleindanasanansluaunisy 1

A-B o
M=——x100 @un1n 1
A
s M D USuaumutueestinma (%)
A Ao UmunAmIRL1NoUNAdaU (g)
B o UnlinABEInaImagaU (g)

X A o ¢ = & & a o

@133y (Volatile Matter, VM) fin ufiauasnis (Tar) Negluiloiamdstuna Wy
fanananinliiinnisinlnieufiazialundarsusudiseg ludiu uenanllauniivTunu
Volatile qq%ﬁﬂﬁaﬂlw\iwLLaan"Lwﬁathaiam‘%a LAATIUS UL A TTLLRUAIRLLANNT AR N
810 uazgnlnlieget q ludrungninding mduidemdmdaassvmvananainnlnla
Ny FMIUNMTIATIEAUTUIUEITTUNEAILUIA T§IU ASTM D3175 Tagtinsietnauimid

a ° I < v o o =y = g LY

gaunil 950 °C 1UWa1 7 min udtsnATnaIUSIIEI IR SERER mTinves
9819 PIANNTTA 2-3

M= — x100 aumiﬁ 2
A

VM (96)=W(%) - M(%) aumsn 3
Wie VM A USunauassesneuastingia (%)

W A9 USunauiwmdnuasdinunanviely (%)

ASuBuAIT (Fixed Carbon, FC) 1uansUsynauveen1sueu (Carbonaceous
Residue) L5731 U1 (Ash) Mindandunieinguavainiassewegnlasenluudidmiv

NMSUATITENTMIUSINANSUBUASAN s AAnaun1sh 4
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FC = 100 — (%Ash + %W + %VM) aunsi a

o ™ . ¢ @ -
p) FC A9 UTUDUAITUDUAINIYDIBINIEG (%)

Ash @9 USUnauduestiuag (%)

) v
v = 1 o ala v

Ui Aegrumwludldls Wewndedwnadiulugezdiiduszann 1 89 3% sniiu
wnavwazn1adnn eddadiutiduseana 10-20% deazddgniluniswnlviiuaziidn
WOALAIS UWATIAIRBIAIUAY 20 BeAUsEnaunaAliveayuda (Clinker) fuiudaditadnfinlu

=1 a a dad v a ¢ a v
N5l onastnaaniiadgiuin lnglawizunay AT eRUSnuaIn1uInTgIu ASTM
o du a «a v v A a v 1
D3174 lagihweawnastiinaluvnlvausauluniiingungiiussunn 500 °C uieas 9
a v o vy @ < v a
uanudeudiu 700-750 °C Wuiaan 2 Falus aunssvslduminasiivesdisegiiilonsis

L :; s v o =4 =% o v g s < ° = v v o
AUUIURUNTDILAYILIEIGD WU TIUTAUN FagnursnmunUs e INANNISH 5

B .
Ash=—x100 FUNITN 5
A
o - o v P
19 Ash @9 Ysurauaueatiula (%)

A Ao Uhuntnfetnaunadau (g)

B Ao Uminfet1aamagay (g)

Fuet

Dry sulstance Hosture

F 3
L

Combustible substance Ash

Volaties Fied C

AN 7 LEARIDIRUTENBUVDUTDLWAITILNE

€

NU7: Ywur wenwnugseil wazaug (2555)

q
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2. n’li’AJLﬂi’lzﬁLLUULLEJnﬁ’W; (ultimate analysis)

ANFAIATIBAUUULENTR (WAT Aine1ad, 2553) 1TunsiasisimusuIaeIfee 9

AaFludemdwdcldun arsueu (© lelasiau (H) eandau (0) lulasiau (N) was
fszdu (5) vurdsonaiimslezsimsmwearefauazaasiudiy Yiinueondiuaiunse
mlFansasssewig 100 fukaTavesiesassmesiusznauimuniuiosazauiuuas
i marsinmilslasnmsndusaedomdwdduannzeoniladedieunss aunseiis

o ¢ v = a el & v aa P
ﬂaﬂﬂLUuaqiﬂiﬁﬂaUaaﬂ\lﬂm LmemUimm‘umaanl%mwLﬂm ATV NLAUNRITDNWNIUNTN

2

aw M v a ¢ A a L w P
Tosnuidailadnenisinseiusunusnmeiniad CHNS elemental analysis ANl 8

1
=2 a

' ' al g 1 A v & al ' 1 2/
YIDALNA ﬂﬂ']‘éﬂ']‘éLN']“U')iJ'JaG’nE)EJNVIQ'CIJ‘MﬂiJﬁQIVIﬂaWEJL{‘JULLﬂﬁNaM lasTnanieg1aaznng

RV

=l [ & = @ = a € [ [ 4
danuduluaineInuy ﬁ]ﬁﬂﬂuﬂiﬂ'ﬁLﬂiﬂ%ﬂﬁﬁﬁlﬂﬂanu 18191‘5&]1«! 1‘141915@14 PALNDI WAy

2ONTNAU VBIFIBENTINIBLANNINTFIL ASTM

Sample Holder

Oz --’ e Ignition Chamber

: » Prepacked Column

i 4 a ¢ a
AN 8 Lﬂiaﬂ’)LﬂiWWUiquﬁW}

Fa: Sophisticated Analytical Instrument Facility

13RIz iesRUsEnoUs U Idendds amisaniaausouiilaainnismalugdlae
&
aun1sil

Q =-8419.7 + 479.3C + 667.6H + 58.80 — 1207.7S  @un1sn 6

We  Q B AANTEUAARRD 1 kg (k)/kg)
C,H Owaz S A9 Trwrawuduadosaslinsiininuesasvau lalasiau

20NTIU azdanad
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3. MslnsesidianauTaudamduds

meuSeurentoimduiusntomdanar Tasvluazld Bomb calorimeter lu
n15¥n g Calorimeter \ugunsaliidnemanudauannisimnludidawmaddiundily
calorimeter uaziafmisu¥ou veadoimdsrnunumiuiouiifedluhiistu losann
aelu calorimeter lodhdiinduarnnsienlud awfiansmuudu Anrsdeudiialafadu
AMNTUGY (NTURRIVINGINUNAUVULAZBUTNENE I (W) NTENTINEIW)

msnseiamufeurentamands asnsaiieesildaumasgi ASTM D240
DA809 02382 IP12 lneldiedoemadaudrnufouiaue Fsfigunsaiftugiudsnni o Tay
funoun1siesnziidunainnineieudamaneunismaaoumauiou Tasnisthduna
shegrsliuauay Sadusielildhmineglur 0.5-1.0 g mintuthuindanaiegheussgas
Uy Stainless steel bomb vin1sUarn Lasdaufasendiauudatily ldadluluinies
Bomb calorimeter Mﬁdﬁ]ﬂﬂﬁuﬁ’\miﬂﬂﬂuLéuﬁﬁdﬁu inFsasiaunagiiaTssimANLou
99N FuATEIRANNTONATIERIFIMUIY MI/kg uas Miaw kealkg (19udsn gaidou,
2561)

/ thermom eter

~\ N

/c P P C:>
ignition \h—h-«_.___‘——r"
- ®
unit
e R R
L dewar
i — dE Ll_\ b
O,
stir‘rer/ / \\
A water \\sample
A, S
bomb | P

= o « aa ¢ )
AN 9 QUATIUNUFIUTBIUBLULAGDINLRES (Bomb calorimeter)

0 R WIIAShuNa (2558)
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Farmnufouradomdsiildasiiog 2 wuufeAmnious (LHV) uazArmsudou
g3 (HHV)

AuSous 130 Lower Heating Value u8a nst@aunantdn 1 ke 111 A1
aufaurnitaléde Areudous de ke

A1AIUTOUEY Y3 Higher Heating Value wunefia n1sur@iusantdn 1 kg 1 an
audu wiamdmheenlyvun sniu thumemiadeu diielade AIAMUToUgIRe ke

wardmNUFUNUSAUAIANNSDUNSaT

HHV = LHV + 23.95 (9H + MC) aunsi 7
e HHV  fe Aaufeugevesiauna (Wike)
LHV Ao Aenudeusvesdina (k/ke)

H fn Usunaseragaasaalalasiau

4. AuauUAYaIITne

nndayaadiinismzugndminaissdn Slulssmalne T 2558 wud Aufwizugn
dndlugjagluiiuiinmamdensuuuiinugnuuiisuidaruazyuiuunnds 505 dnls wiedn
\Ju 67.98% vesdszma lavlunnarazfinwiaquaeldUussinn fu ae Tu Wasn wazds
Fralna 1Husnaunin 3.99 rusu Asenswiarglutiafou unses - furau veemnd
vlfinunssndudeanluiilas iloanuinanaswdssiuiiduiunisinzdgnlugadaly
(D TUWIFLLAEAAILINGINULATAIA UPINesedeslug, 2018)

nnmadsudiunuinsamalnefivinudsdininamiofisiiuiu 1,019,654 fusod
WaantMInaanuau 304,782 funaUlaneUseduaindndiudiuiadauniing 20.14% way
Waend1lne 6.02% lnethmdnuassutinlng @nfing a1adnd uasanz, 2558) nsund
Frlwauudszufundsnuiedudnuumanisithauls Fdlunuatedlfidadninen
runsraunsuiamddadafofiusyaniamuasiutemasdiesdusznauniaed

99 INALALHIT I NASATIALARIFINITIN 5 Dnviadunisiiusilaliuninensnsiay

Fadunsantaymsunisidaeean
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Q‘I ~ A L) dl 4 u: ) 1
Manlssugaamnssy 1sanunedined wisadeu uavgunsalinviainldyunne q nau

0w

o o = £ W A Y s A
dldenluilumessdafsdnuusndfgveaanlinemisnd 5

o 9 wa ° [ %
AT 5 aﬂwmgﬁuUmLLuguql'Uﬂqi LW W‘L‘WNTGQL?‘U\IN

fauds Downdraft Updraft
A (% vhwinden) 12 (@alaiiiu 25) 43 (gelaifiu 60)
&1 (% thwtinusia) 0.5 (galsdiin 6) 14 (galaiviu 25)
YUIA (WUALUAT) 2-10 0.5-10

lﬂ' 4" ] ]
NN NIUGHFTUNTIUNUFTIUUDZNITNUDILLS, 2557

6. AFNTAYRIN19T17 (rice straw)

vhednidumanassldiinnisiun Sslunistiussmalneugninussana 61 &1uls
frsdnnuvisduiidunedannnd 40 dudu Teensvhurluudaslsduagldvhsdhann
Yosuanaanuly (Hen %‘uqm warAy, 2551) wqacﬁmﬂuﬁ’aﬂmﬁaﬁamamsmwmﬁﬁav‘h
nstiuiRrinudineasnsaulvgssyhmsiiians visdugnldidutanmezugnuay
o msdafiflosnininsdniidiudsznoveessineinis unlulasiau 0.65:0.70 %,
vioaneda 0.08-0.10 %, Iwunaidius 1.40-1.60 %, uAaldey 0.40 % waz wunididey 0.20 %

warilonUsenaunIumiinatl Wowwad 21% wauwas 79% \waglad 33% Lailiwaglad 26%

antiu 7% waz®ing 13% (ata Sautywed, 2531)
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= v -g a o
ngen s Indidanduds

= } 74 o v

1. ngufjmsrniuduaznisAiuaum s u
o L4 o -~ 1 ] - du a A ] [}

TunsAumumseniniagawmnyiinuaie 4 devlinademdmidomietislsi

t'l al A’ a 1 = +/ o 1
aulaginll dmuramdwdaasidamdanalagldina 1 ke (Foumumiuiienin ke,
nslvoutendwdaiaziiomduvan avuansdndulavina (ke/ke,) voamiuou lalasiau
(] s o a'll du ) 4 A’ o 1 4
Augdu 9andau lulnsiau ATy wasddrludeamndsnas C H, S, O, N, H,0, Ash
AIAIRU

o
C+H+S+0+N+H,0O+Ash=1 gUN1sn 8

o v v o ¢a ] v v o aaa v '
auﬂquLLaﬂQﬂ')quauWUﬁlﬁﬁﬂ%uqmizﬂflqﬁnautLazWaQU{]ﬂiﬂqLNq‘l'ﬂul.%‘EJn']'] dung

UfATe Ll anunsowandlanasioluil
pu|
2H, +0, = 2H,0 agun1snv 9

o aa 724 1 A g o 1 v 1
Ujnseludeaniind H, uaz O, avhidswidu H,0 Mnuaviufiudassory

[

UfiAseafiugiusivauunn virliiie H0 drsanuiiamiwazlusuzideiiuioy
= aaa 4 o 1 el s o 5 e
WnU{A3en% H,0 aaredneundunanaiiiu H, fu O, 8neine fatii Hy, O, uay H0 ading
t v o 1 ' <& o o ' o t ] ' [ @
agdpdnduAmldluegivgaumgiiluvasiu @anzauqaial) egrlsnnulagialy

)

AduvemAnIugineaIRILALiiAgenn mngaumgivesinvwninililafiguvgiigenn

¥y v
v

v a ' Y v - o a v e oy v o )
Llaflﬂzwaqimq')qa']iﬁNWULUaUULUUNamﬂm%WQMNﬂﬂIW (NIUNRUUINFNIUNALNULAY

DYINENGINY, 2546)

2. Ufjiiseunning
aaa Vel as ] ] aaa a < o Y
Ujfsemninilidneazinufe 1 UuUjitongumnnliguasanuigaiusenounie
azmauu,asaugaﬁaissauﬁaﬂman%waqﬂﬁﬁ‘%m%%‘uaejaemmnﬁ'uﬁw%wamqnamam%‘uaq

aaa

finw na1nfe UfAsenawrbmivalumnliaulanszuiunisseninamuas wadnsgaving
v < aaa 14 o | a L4 a < '

wdrazduujaseraeainuionlu anusfne Weduwinireifaniinatsiuleneu
hrd 5 o aaa +/ o J o 1 a o -~ QIJ

wasntuasyiudisemeanuieuluanusingseninimdemdsivasesndindu (nsu

WALWA S IUVALLLETaYTNENG Y, 2546)
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[

d‘, = 1 3 4 I o L ]
LIDLNAIUDILTIATUTENDUMIEBEADUYDY C, H, O 1891 AININUSLNY ‘[‘UE‘ULL‘U‘UWN 9

s
= o aaa []

armpumalarvinisuregnsiasidusendinunaliiinuauasaiiuiou 99nnnsvin

aaa a o v v & a
Ujiseeendindu gavinsudnomdssnaediu CO, H,0

v 1 a da o
3. nszuaunsnindvasdawdsiluvo i
& a o vV 3 1
sUuuMsEninuvesTeindutwueentidu 4 Tuneu
. ; =1 ed & a d da ' v
1. Evaporating combustion {Wuusingnisaiigeinautniinanasuinainsudis
I3 1 DY) o a o & a Y L) v
Maznasumalneum Wl wdssmgluiuesdieafiueamdanes ndsntudaning
e a & ad a 8 ' a w v v
Usingnisalilziintulunsaitgumaglisemelirsinitgumgidatssmmennuiou
. g ¢ a £ o] a v v
2. Decomposing combustion 1uusngnisaliintulunsdlfiguvafisarsdace
Y a8 1 a d vve 1 & a v v %
ANuTauilAwINIguugliseve Inelleldsumuioudaindsazaaiuiicmeaiuiou uay
- ) & a v
Weansszmegnuanudegasninniuraziianisi gl
. ¢d ' v oA v o Vet
3. Surface combustion WuusIngnsalinulslud wliiviedwulAndeunulsiiians
¢ oS o V . a & o da
szimguaznulalumiuaumIinaen Decomposing combustion lageandlaunseufani]
wa = < [ 4 ] ! Y a < o 14
AnaudAoandatu (wu CO,) arunsidrluludesinsuuiuivianigluvendugs
nau Azl

a @w v v

4. Smoldering dwmivaansniigamgilaargsimeniuioust Wy nTEA1Y wERINAANIS
v v % ' 1 a aca A& a 4 cgva o 4
aangimemiuiou mnansszmelignanlnuneiasinujissmnuiageilviieaiutu
a o = e . o - aaa Ad a o
Wuanuunn 13endingn1sainn Smoldering @nnanitulruilitiennuiisennnuiiil
o = 1 o v ad e 1 aa Y v o v 9 v
nseiiulledneiiieanield gamginaininguugiifalvesarsssmedivduaiuli
a o o a o & ' a 9 v 2/ d
Anln violeguupiliiutiuginingaialnvesniuuds nswnlulsewdsugduuudunis

v a
wrlvsAaan v

d e Aﬂv a v a
AN 7 ﬁlI‘UWU?NL’U@Lwa\'lLL‘U‘ULLFJﬂﬁqﬂﬂﬂﬁﬁﬁuﬁamﬂﬁﬂﬂﬁdaﬂNaVl'Nﬂ"liLﬂ‘l:)ﬁli

Yiin C (%) H (%) 0 (%) N (%) S (%)
Wslim 38.5 6.1 39.3 0.7 0.2
Fat1alne 46.2 5.8 435 1.3 <0.01
Wiy 51.8 5.7 40.9 0.1 <0.01
Tdey 50.3 5.7 41.0 0.2 2.7

al - v
N uamnInenduguasvsad (2554)
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< o a aaa
4. sedusznaudidlulunisifaugidentsuningd

' e aaa

aaa a & v o o aaa val
Ujiseraziietiulainediefiujisowazansfimunzay yjisensmiluife

aaa o

aaa ay ¢ X a gy o ¢ d & a &£ 4 ¢
U{]ﬂiﬂ']ﬂ'\i@@ﬂﬁ‘lﬂqjtﬁaLWﬂQT“ﬂaWULUuaaﬂlqjﬂ ‘UQLUUU{]ﬂ‘SEJ'W]Lﬂﬂ‘UUﬂaLuaﬂ'ﬂuauuiﬂJ

[
<l <

L4 Q'l =l aaa = :} 1 1 :}
AT lasdifufisen Aediomds @udulslasarsveududiulug) uazenie
a = aaa d a a o da 1 v v | [ |
sEuAnUgAsenliefianeivuivay dsnfsunadinuiouiegaln dnsiwaiumasy

=
Tunwi 13

s 1 a [ aaa a X a ]
nannislunisindidenauds Yjaseresiiatulasnisiianssuiunisinlslada

(Pyrolysis) Tugaaia@uasuds (solid phase) uazinavasuia (gas phase) lunszuauns

<\ 4 4" = = dv = s
InlslaBaansnsumelalu@omdtessimesanunninveeyNARBInaY waskauiveIne
50V 9 MAanswlmiluiEenit Mswalndigaausn (Primary Combustion) #89270L6N

L) Y o o ] oo ] ¢ 1 5 o [ 1 P

Iniigasusnuardafivdnndunnlmiliauysalegiu Wenuivainiduiiass (Secondary

. a aaa v v o o
Ain) azdauiteinsimilugise uavesnunduufadsluign

unasqn

|gnition source

&’ =
LTIBLNGY AINIA

o (3 d 0 = aaa L7
and 13 asrUszneufisululumsiiauisenmsimnlwd

nssusiuuasenswtinidaduuiitetgnle (giu seeuen, 2553) ITududienis

uwandvedluanaveadeindadueyyadassnou undwelndsdimudfyetnsdanszasly
s () (JR] J & a o [ v dv a a v
wRINudIULIIUAdHaNTTI TR INRareendwiTamAsiamsuandalueyya
- (J | ° v a aaa H v o < P a =
daszduiunin wenvsyihliAaufaseoinsgnldvesnisinlmilidanmi 12 deiEuianis
wlnliudundsalnarlidndudnasly imszudwniamsimlnindanuaiudousin
) v a < o 0 v & a d a4 a W v

nssindiduduninifunenagyiTiiidemdsdinniviafianisuanduasinaluliagia

1 A L. .
matuadnulﬂi)uauuvirﬁ (Spontaneous reaction)



0.0£ETEI8L

€v :bos / 6T:0€:TT €95250L7 :AD3I / STSVYI GEOTOESTES STSOULT AW I"I"I”““ll“"""

24

a1 ludiatreauysal (Complete combustion) \WuujAdsaiiszuing

a v dv a v v [ v o v v v a [ ]
29NBLAUNULTBINA WA WHaoanu I TuAIusou TnuniluausaunlaasAndunuiey
H v & a a [ a = v a v
Uminiands lneunfarldoandiauainenid fausenaumesandiausavay 21 lulasiau
v J - 1 t v [ (] [

Jowazr 79 Weowndsdulngazusenaudiearivau (C) lelasiau (H) Auzdu (S) uay

Tulasiau (N) Tumsinlmlegrsauysalavuseznaulume 3 nseuiunisasil

C+0, -  COo, aumsi 10
H+050, —> HO aumsi 11
S+0, - 50, aumsh 12

a [ % e a :’9’ 5 = ! o a :‘0’ o o ot [J
NARAMANATUNA 3 L58NN@1TUTENBULAL TINAYUIINNITUITIANIIUAINUN

v
=3

TAnduluanatu wansliduiinmssindanusewing 1 szneuvesrisueuiu 2 svnouves

a d a v v ¢ ¢ v
203U Waianswlmiualilianavesmiveulasenled (CO,) wavausou

nawnnditliauusal (Incomplete Combustion) Wawmn@da 1 @uwmalwsinediu

pondlauswaunilsnuanntsi 10-12 urlumafuatu mswwaldifauysalfeuiu
sonduuiinemdululdenn Wewinnsdudaveseandiouiuidemadsivhiaiu vildaa
msLmﬂwﬁﬁlﬁaugiaiLﬁﬂLfJuLLﬁam%UE)uuauanlsuﬁ (CO) wenaneendiaudiiliifisame v
I lndansssinelinue UﬂamiszmaLwéwﬁﬁaﬂaﬁmmgaumﬁaa&ﬁufjumsqtgﬁa

& a @ v ' ¢ o =
L’uaLwaﬂﬂnumimﬂmmuaunvim faaun1sn 13

2C + O, —APYAC aumsh 13

[l
L4

sadulunnauuilsresteusinialyiuinnitntunnmnesnisaungud (Excess Air)

d 9w 3 a X 1 ) & a ) M v v
welinisuniniiilenafintusgnanysalluyn q duvesdeinds enaunduilulely
v v v < < o W < v
Tunswniviazngaeenanviesrnininaneludunggyded@unisy 14 uannisenlwdi

fonAnunef

C + 20, —> O+ 0, aumsh 14

ady v d

o v (= a a - . a P e o
Weldimsilmiiissdniawgeian Uinuonaiunedilseaiosigauminigei
v v a ' ¢ o [ v o o & a . v
Winsunludifinegwauysal Wnevaldudinsenlndidmiu@enduds (Solid Fuel) 9zv

sondlauiuneneglutiosas 7 - 15
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nszUUNIsE i
o = a a ] Lo A’ a o v v
e anadszdvinmgedmiudemdsdada Tdnszuaunismiluiuuumn
: o v o as O o U av Ntuwyvo =t < o
lngasauiunszviumssindivuuuiadady dauluanddeifdainisfneniesdu
nszvum nilagasaaznszuumssnindiuiagiady
vt [ < - - v v 9
nmswrlmifnadunssriumislumsiasugdiaienislduselosuiund sy
o o & a o4 acd %Y wa a & " Yy g
vialuramds Jalivate sTusgivanauiinvazUszinvnuestua lnenaluwualadu 2
4 = = oo, . . 4
NIEUIUNT Aen1sidBugunnetiniadl (Bio-chemical conversion) wazmsivasusulavany
v 9 . o v @ =]
$ou (Thermo-chemical conversion) n1studsuzUlaeanuseulunisaarswusiniives
= o 0 Y o 3 < & ad < v
Fanalviluwnamdanunegluglveswds veanamieufia Imavasugilaeainuiou

Tuegiveliavseuseanting lnsuwvanisldnuld 3 35

1. nswninsilaensa
Vel o, n v v o aaa - v a @ 1}
nswnluidinalunssuiunisildeiniamdvinujise e iiianisduaivedn g
s a £ a a a ¢ al &
auysal (@uvd lanmusugns, 2558) inainaisdunidussdrutavszgnildesuidu
asuaulaeanlenwazii TnuniswilnilanensauasiAnnssurunsyinli@awasudaianis
Lﬂﬁaugmﬂuuﬁariauuazﬂ'aaLﬁﬂmﬂmlwﬁuﬁa FaaglaanuseuludnwaziuadWuazuia
msvaulaeenlen ufiaasueuueuenled uavii lnsdnaiureniia CO uay CO, Tuagiu
a a v a e v v al v
Jsegnsanluniswnluiinazysuiusiniantgtuniswalug nednalnnisia v

Y o oA a a ' v 6 o 0V a a
MININN 13 LLG]Lua\iﬂ']ﬂUi3a'ﬂﬁﬂ']W‘I.Uﬂ']sLNq\LMﬁnﬂUﬂi\iﬂau“Uq\iﬂq QQV]'ﬂWLﬂﬂﬂqiquaﬂ

anuTeunn msldiaunuungdladiuassdislunisiiudszdniamnisieninilgadu
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Ynstahidkunmandulie

Frownlriuie
Inlaldwsnald

a

= = &
A 14 nalnmswnlivudinanastugaungi

u

< a @ P
ViU AVINEIAEDYaIIYE U (2554)

2. nMsuenaanenleAIuIau (Pyrolysis or Distillation Process)

v P~ o v v v v a
U‘jun'\iﬂﬁ'\ﬂwu53Lﬂll‘UE]Q‘U'J@J'JaIﬂUﬂ']']lli'ﬂu‘luﬂqwLL')ﬂa E]llﬂli'ﬂﬂﬂ‘lﬂ"ﬂu

= a = a dv < a v LY
(un1inerqveyas1wsiil, 2554) iintuiiguuaiiuszuia 200-600 °C anglaAduduy

= (Y &

Usseniaung Nﬁﬂﬂm%ﬂi%ﬂ@Uﬁ’)ﬂ‘U@\‘lLL‘ﬁﬂ 30-50% 94vad 18-20% wasuia 20-30%

= a s 1 a ﬂ‘l 1w o A a 1 v =
1Jsmmwamﬂm%umamuﬂ'ﬂuaqnumsmvmmLaaul"u'umam'lmuﬂ'nmauLLasquﬂuqaam

v

h]
Uifsensuenaaienisauiouiuils 2 nssuiuns Aennsuenaanesioaiiuieustneti

]
=l

813113 1MAIINIBUTBITINAAINIT 10 °C/s A155Emepanugvgamall 250-500 °C ¥

a

0, v v Av v a ar & v < 1 1] -4 -J
gaumil 600 °C n1susnaatememuioulItdugalandnineiaavinaduaudiuuianonn
910 Slow Pyrolysis Usgnaudag CO, CO,, CHq, CyH, \Uudiu TnadiAiaiuiausgszwing
10.5-15 MJ/m?® 3nN58UIUMSUTINARNITHENAAEAIEANSOUDE1NS) DRTIN1TIvANSaU

- 1 1 a o [ ' o o v ' aa
’U@Q‘U?N'JaEJQiS‘WTN 10-100°C/s NaWﬂm%mﬂﬂ')u'tﬂmlﬂullﬂﬂﬂuﬂ']ﬂ')']iliauQ\n‘Uu Lanau

= J

Insinu Aigaungifigendn 1,000 °C voandnazvosmaraziianisaansfiiuiudaziiy

v v

3

Usinailelasansveuluufiageiiu
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3. ufagvaTy

aaa J 5 E] = = € & 1 J =d 5
Tneuiisenaiiluwsiavdureneiomdnlusiawesufawdadulausing q 4 Tou Aatu

v 0 [ v
U%UU L4 g ]

syl guiandu Fulnlsls¥a warguvinliuns U§ATe s 4 94 aunsouensenaindu

muwawﬁmmnuﬁnsmmamﬂﬁ\lﬂ”ﬂ%mmaan“?jmu'luuc»'iawququﬁumnsﬁqﬁuiwazLﬁaﬂ

v v
@ e <

Unsenaiiluudastuiisel (Gsedy 91amigy, 2550)
. 1 ] v a & < o 1 a W
1) Combustion Zone 81N1ALYAEINTULTINIUINIUU LU UATURUINLTDINGINY
amadudanudugausnyiiiiieujisenafissninesndisuiuaiivounaslalasiaulu
& a d ogva o ¢ ¢ S | P a & !
Wandsgwhiifaufaaisueulasenleduazuimuannisi 15 i 17 gaumgillouiiazey

Tue9 1,100 °C-1,500 °C

C+0, - CO, + ANSDY aunnsi 15
H, + 1/20, —y H,O + A1u5oU aunsi 16

Reactant - Products aumiﬁ 17

' A ¢ ¢ C v v o ) v
2) Reduction Zone a1rsuaulnaanlanuaziinlaainduniswilviaslvaingdu

N

Ao

v
o o

G
IFndudsludjasorduivnduuvugaaruioulaswdsuniadwn Inslails
anfueulneenlesuariursdiuldunduuiaiunlnile Tnefianfusulneanlafuaziini
Aedulutumsunlusiglvasiuturesmsusudeuie Tudndusrldaiuoutevenlasuas

lolasiunaunish 18 fs 22 wavanmgiilulauiiareglugig 500-900 °C

C +CO, + ANUSOU  —> 2CO  Boudouard Reaction aunsh 18
C+HO + Amusou  —> CO+ H, Water gas Reaction aumiﬁ 19
C + 2H,0 + ANUSau —> CO,+ 2H, Water gas Reaction aumiﬁ 20
CO + H,0 + mnuseu —> O,+ H, +A711384U Water Shift Reaction aunsi 21
C+ 2H, + musou  —> CH;  Methanetion Reaction aunsil 22

o e . <4 . L=y : & a ] v
3) Distillation Zone %38 Pyrolysis Zone 'lu‘UiL'JmuL‘UaLwadLLﬁwsgnUaaaa’mmU

mufeunigduitlifioendiaueguiitonilifetudunsgamiuioulass umiuieusinty

dv o d < a & a v o o v v a
Ianfuiveiasunlasanseaunindlueanadsinldasseineutanunlniliuaslild gaumal

- ' o o N ¢ P " o o aaa
wuilazaglugaa 200-600 °C vewdaindelutuilfie amsusuiieglugududashuiise
.L o oW L

- ) X a al v P '
utusantunaznisun nilunsaldliiduamadsanuisaleuldmiaunis 23 Tutiausn

—3
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A a L Q & d a aaa v oo & a =
amumﬂ,umnz:uufo3quqwuwﬂismaqwamsLﬂmﬂgﬂiawlwaqmﬂuuqmm“msamawa

9 v
o 1% = o a aaa o 1
Liuﬁ%ﬂuﬂ’lWuiauaﬂﬂi\‘u‘waﬂWiLﬂﬂUQﬂiﬂﬁﬂi\m’alﬂ

Dry wood + MNNSeU —> Charcoal + CO+ CO, + H,0O + CH; + CgHg

+ Pyroligneous Acids + Tar aumsi 23

4) Drying Zone nsguiun1sindssudruntsaglalunisseivomnuduainidoinds
o Sa & 8 o & a - & a < - a
Wonszuiumsiizudu dminvoitoindazantuinad uasdvoudoimisazivduuluaoqsil
o v X o a Y H
AduTu wisuadsnlslunissmeauduazldlaguseuin 1.26 kcal/kg U1 w39 5.27
v L. N g 4 - Y Yy ¥ 4
ki/kg U1 YRR Raluduifsannisy 24 uasnananvestuilpaladiuasansazinenuu

gonunaniey gaumgiileuiareyluyie 100-135 °C

H,O + ANuau —> H,O (wha) aunnsh 24

WTnaneanuuUTdnwurn1wAlniLuuaay Astdunisnlmilaensesiudunis
WA lntiuuulAagdedu nssuunsTeLaILiadiiaduaiuisanlseantadu 3 wia Asuuy
Inatu (Up-draft) wuuluawine (Cross-draft) uazuuuluaas (Down-draft) lnsAmanuue

9899 3 ¥1a wandbilunnd 15 Fadisreariduademalull (FusnIUe 1abe wazAE, 2556)

BI1OMASS BOMASE
FEED FEED

Up-draft Gasifier Cross-draft Gasifier Down-draft Gasifier
(A) (8) (@)
AT 15 wSewdalusiigesuiauuu Up-draft, Cross-draftuas Down-draft

3 Reed, 1988
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Q

%4

35

Usuneuviaamnlval (m?)

B
o

-
2l VChamber

Db

1 A ) L
9 AnuvwdunUsIngwvinfu 230 kg/m’

nsAnaIRduaLgnaaveiasrivg @nsornaldaun IRt

0.5

_ Veramber

T
Chamber X—

o
Dchambe = AUNTIN 28

H

W9 Denampe AD urgudnansuaaioaw v (m)

Herompe A® AIINE0WR 0N Lutsl (m)

a ¢ o a ¢ v & a <
wisilwasnlglunisimsiziniswnndiioindau s
1. aNIEHIUBINARBLYDLWEY
124 L3 P ) o a a < ' o aaa
NVEYAFINNINN 8 @rnsnrnAuUTINMeenTunIeoINANYITUGATeN
=l W & a v W §a v W v & v o 1 £y

woRAfu@aImnEs naarsduiusduanuduiuslaelua duludewinisulasteyalvieglusy
vaaAlansulua noulINALINMIUTINMDINIANABINT IAUNG L] A1T0AUINLABNTS
AURATEVININAT U ILALINATIRDNINTEUY Al

17858 UL = UIaNoanITUU AUN15N 29

A1599% 8 AauanURveIe MA@ mTUNTTIT Ll

) Jevaraslsvney
23AUIENav 3
Tasusunmu Tnena
29NTLAU (O,) 21.00 23.20
Tulasiau (N,) 79.00 76.80
O, N, 1:376 1:3.35

AMSUNTEUIUNTW LT UaN s UUABIBINE LAY NTA FILAATDINES ABTD
11AT199NTLUY D1RNTUNTTUURN UINTantayasi Asludnisidsunlaswonal a1l

Anlaean






0/0€EZEDBL

v :bas / 6T:0€:TT €9S2S0LZ :AD3I / STSaY] SE0TOESTES STSSULT NCW IIIIIIIIIIIIIIIWIIII!

37

< du A v )
A Ao NuNmaavieay (m?

V., Ao Anusian (ms)

air

2) é’mqmuauga (equivalence ratio, (I) : ER)

AFpctial o
= —== aunnsi 32

A Ftheory

d N s 1 ) ﬁv = o
e AFaga A9 9RTIEIUDINARDITDLNEGIDIY

AfFireoy B SRTIEILDNAGBLTBINGING L

3) N1TENAANAUATNAIY

ASANAANIA

nszuauAsElng finssuadn (nput stream) @esnseud Aodewmduazeinia i
nsEuaeen (Output stream) @oanszud Aouidnandnainniawalung (Flue gas) wasian |
(Ash) tannzlunszurumswalmlilddemdwdsifidnduesivszneu Taensimsied
AUABUIAVDITLUY Aenafidhsruuihfunafioonansruuntadounasnisfel (nes

WALV INEINTYUAARRTUNG Y, 2553)

\Wounda (ke) —— e

1
]
1
1
t
)
[
i

wdna | ! Co, (kg)
: HZO(kg)__ Flue gas
N, (ke)

i
()
<

14
v

e (kg —»

L

O
N
—
=
va
~

A ) a a
NNWN 24 auqama%qLm‘mmaﬂszawﬁquq

o
Min=Mout dUN1IN 33
o
Min = Meyel + Mair dunIn 34
o
Mout = Mash + Flue gas AUNNIN 35
P -~ o v
Wwa  my, AD WIamTEUU (kg)

- o
Mout AD WanoanaNTEUU (ke)
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38

Mfgel A9 UIATDUTDINAY (ko)

Flue gas Ao wavesuialelds (CO, CO,, H,0, O, N,) (ke)
< A’ 2 a’ 1

Mash AD WAVDITLAITINNUAU (kg)

n) M3lpszilaginavesLiandnium
nsininsilanysalasifia CO
2C + 0, = 2C0
nswnlndiegwanysalagleiia CO, H,0 N, O;
C +0,=CO,
2H, + O, = H,0
drulsznevonielaeuig Usenaume O, = 23.20% War N, = 76.80%
) @UNTSIUNMSAIUIMINIATDIBINA
1kg C + 1.33 kg O, + 4.3 kg N, = 2.33 kg CO +4.43 kg N, aun151 36
1kg C + 2.66 kg O, + 8.84 kg Ny = 3.66 kg CO, +8.84 kg N,  @un15fl 37
1kg H, + 8 kg Oy + 26.50 kg N, = 9 kg H,0 + 2650 kg N, aain1s7l 38

msauaawé’amumu

s L2 L7 A 1 1 L7 L7 v i
Lﬁungmaanﬂiaqsnéwaamu TAENS RN TEUUAWITUNGIUAINTOURN

deeonanszuulugunne q leun miagdeluduuialeds waznisgodelaonisunsed

L4 al

A a [ L 4&’
WURT LUUC‘IUL‘UUUC‘I’]&JﬂNﬂ’ﬁIﬂﬂQU

Qin=Qout aunsi 39
Qin= Mgyel x LHY aums*?‘i 40
Qout o= Qu+Qloss auﬂ'ﬁﬁ 41

dle Q. #e wawudidhssuu (M)
Qo PO wanuleanainssuu (MJ)
Q, fo nduilduselen (M)
Quss FO wé’amuﬁqcyl.ﬁﬂ (MJ)
Inenisgaudennuseusduatian (Qus) wildnnaunssielus

n) Nsgepdelaenisunsd
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T 4 T q

w ab =l

qaomne{(2)-(2)] it
r 100 100

1) nMsgegdelagnisnianuiou

TR TUUY
q.=2.7995 * (1,7, aunsi 43
AVATERT NN
q.=2.1995 * (70" aunsi 44
AN RERITERN
q.=1.4997 * (7, 7.)" aunnsil 45
A) MIgeydemnusounIuANETIa
Qs = a5 (g + qcs) Aunsi 46
We g Ap  msgepdslaenisudsd (kcal/m?hr)
g  fe  msgydelaentswininuieu (keal/mhr)
Q,  fe  nsgydsanuousinannaan (kealzhr)
3 fo ArduUsEAVS nsuSaETIRmTs
dwduntiaiduatu = 0.8
dmduntiafinid = 0.4 ~ 0.7
- Ao Aufisamwesmiiae (m?)
] Ao gaunHiiIveNs (K)
T  FfD  guvgiives (K)

3) MgadeauTouTnaInNaam

Quws
Qa1
Qs
Qs

Qaw = Qq + Qut Qs aunnsn 47
Ap MIgdYANTRUTINIINNTLMN

Ap  msgedsanuiouninannniuaidiuuy

An  msgadeanuiousinannmTaeautg

Ae  msgedsanuiouniuaneuaiiuans
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nTUsziliuausnuzinanayssnsninga
s 4 = g o o
1) 9R51ANAUUR D UYDINAIT NS
fnsINsauUFataINAsTnafedRsduTIMT T IWRIRaLIa M LA
aunns@atl (Belonio, 2005)

m o
SFC= ﬂ aunisy 48
Q

4‘ = 4“’ = [
o SFC A 9ATINNTAUUADUYIINAIRUNY (kg/kWh)
M. A9 walewasdenan (kg/h)

Q, #e winuldlumssemevesni (k/h)

3) 9NSINTTAUUADINAIITUINNAE

HRTINTTAUURBINAIUTILINE MILAIINaENNISAIT (Belonio, 2005)

mFuelLHv

SEC= Aun1sh 49

Qy

v

4‘ | a’ = < ¥ o

118 SEC A9 2RI INTAUUEDINGIUI NG (MI/KWh)
My, A0 WaeIwdmelIan (ke/h)
Q, fewdwunldlunsszmeveni (ki/h)

LHV  fie Aia AiAd nsoumueadiaings (kl/ke)

4) n1sUssiiulszansnnaluiou
nsnageulsEdnsnwndanaszliisnismageulaenisaui (Boiling test) 910

L% a

wdruildluniseuhrondsuileanmsninidema (adgqdl, 2551)

Qy 4
N, =———x100 aunsi 50
QFuel-l-OE

W My Ap Ussdvdamanueunndang (%)
Q, #o Uunamudoudtlduselesd (k)
Qree. 7D USinaumudaudilianideamas (k)

L 4 1 al
Q Ao wasnulndntdeunnimndina (k)
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a T % ¢ v v ) H
Vinaenadeuiilldusdlonimldmmioudlflunsgunazsemeiy

QU= [mwlcpw (wa'Twi)]+[mw2hfg] aumsﬁ 51

v ]
a o =

= Y
e m,, A9 wmadusunu (ko)

M A8 MaNNsEY (kg)

Te  AD qquﬁxfﬁ'uéfu

T A0 gaumpiihiden

Cow  Aa AATWISOUTINIZvRNhElAN 4.186 Ki/ke K

hr, An AANSouwITeINTTEWET 2,257 ki/ke

Uiinauanudounldanidemdanlényaunis

o
Qruel = Meyel X LHVyiomass gunisn 52
a A & a aklub'
W Mpye AD UVBUTOLNAINLTYIINUA (kg)
LHV iomass A9 APUSaUREUTRINEY (ki ke)

NFIATIEINIUATHFAIEATNIING 197U

1. msvssfiuduyunisuanainuiouveuaidauia

nsAnnuauumlyIeiundauiineg (Specific Cost Consumption: SCC) fia

uansluaunsi 50 minhinlylumsdnnaildnanauundnudomds (naguasa

USuaudean@nignusaidiamas waruiseeunalinssive)
COStFuelmeuel -
SCC= — 8™ AUNIIN 53
My XQy

Wo  SCC  Ae dunuailededundsusinie (baht/kwh)
Costry @0 SIALTBING (baht/kg)
Mecet A US0uTonaaily (ko)
My, A8 athseme (kg)

Q, Ao YinaanuiauhluldussTomd (kwh)
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2. M3UsziuANIANATMINATEgATERTaUATTINIE

2.1 FmsUsviiunanauunugnd (Net Present Value : NPV)
D=y L4 a L4 v a A 1
aun1iinTeinaneuuugns [Wuinweinisdndulalunisamu esramuiioyann

YaqUuavaiduuin uazlimsamuiyardagduandiluay

- B =~ C o
NPV =) — —(z : +co) aunish 54

=+ =1+

Wo NPV fe yarntleqiuaws (baht)
B, Ao namauunuludf t (=1, 2, 3, .n)
C, fio éfunu’luﬂﬁ t(t=1, 2, 3, ..n)

2

Co o FuniluliBus (baht)

i Ao ansnanile (baht)

=l
n Ap 91gvealATanTs (y)

2.2 nsevnanauununiglu (internal Rate of Retumn: IRR)
- W 1 v o o v 1 s a | '
w8fe9nI1anA" (discount rate) Mvinliyarrdaglurenszualuaniininia
azfesdtgluntsamumiiuyariagiuvenszualuaniiaiainaglasuannisaiiunis
Uszndandannu nasno1glasainisnnAdemdaunIsAIuIMNISATINANBULIUAARY

WADINITUVBY AR

n B n C f
Z : _(Z ' +C0J=0 (IRR %38 1) aunisi 54

= a+n =+’
We  IRR A dnsnanauwnuniely (%)
P P |
B: Ao wamaulnululn t (t=1, 2, 3, ..n)

C, A9 "uvlu'lu"ﬂﬁ t (t=1, 2, 3, ..n)

|}

Co Ao dunuludiGusu (baht)

v
a =

i Ao 9mImanius (baht)

2

!

n A9 918103lATINTT (y)
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2.3 svpanAunu (Payback Period: PB)
AoszuziatAunu (Uudnnulideunietu) Wunisuszsidiudilasinis Tagl

AT BLaLADNIUEYIN IERaN1SATWIN A0S0 A INANN1SAIT

Tl

PB=— aumsﬁ 55
Cs

gl T ) Ruaanugnd (Total Investment) (baht)

Cs Ao 918lemal (Cost saving) (baht/y)

ANSASANDNET
v ) P g | a P L) a a a
HAINMITAUATIENANSTRLITUNM AN NLUULALFRIL M BIaU sEAVEA A
AstguLaznIsUsEliuaussausmntinalinmalul

1910308 YuYR (2557) ladnwranssaugnisldnumiuniadiuiauuy Inverted
downdraft Taeldunaudu@awmds dnwarnisvinudusuung ldwaauwroinaa wamn
o [~ s o o [Y] 2 s s o P= ] =2
wiaduuwuuiannegs wazilunageudunisldnulugusudmingiuns Inefinasdnw
AMALSIAY 4 SEeU AD 4.89, 7.41, 9.41 waz 10.21 m/s lagldnisusunsauluianssuansa

Han1sAnwInuIianlaanefinaligumgiivasarlwlndifssiuufanssuwuulduia

[
2

woand LagUsEaNSNIMNITAVIIRETURLRIUNITAIUANA NS IVBINAAY SLULIIBULADA

&

a &£ o y H = a a o T o v
\AnTuR 60, 14, 12, 8 min Wiienfinamgll 97 °C uazSnwigaumgiiveninienls 6, 20, 20,

Y L]

23 min fin1slEmdalni 9-25 W fisnsnisAunuade 2 y

wFam ___)= E— —

gavpbasalud — N
60 1FHPULIAT

1a:mi’u€l&1 — 13 saRing
v

A & al g
MWA 25 wuuwuiadiniess

= Ls a
YU 39N VUYIA (2557)
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wag 60% wATPuuAslErewnisinnandugnnii 76-80% faunisldimdaunaiadu
madenuilwerurulumsaadlddnsluafiFeunarannisvanUassuiaisounsaniile
g wayd A s

Wisuiuldiveimdaeada

o sy (3 =i = o 1 % 2/ =l a A
Weled) uallvh wazAuy (2556) YINN1500NLUURR IR UM T8N TinLie

s o

WuUseansamesumdiuia eelunisidelaiinisnaasuisnutlu eeldinafuAeduai

1

du3a3U Udunau uaziude naunudnsdiulaefvuanguiiegasls 3 gns wuiily

= wa v ¥ o d = =
nsfnwaudulilalaenegsunuandinisnisamiy Wedululugnsi 3 .

3

&

druusenavieienuliuiosar 90 Aidunavdesar 5 warduleseuay 5 \Judnduiidl
Aunzanlunisyieanlutivs i Imaﬁﬁhmwmﬁ’mg}ﬁ%aax 4 uazhdeianumamny
Aensidsunlasuesgnmgl MsvaasnAsEAnsnmidinuieuronnifunalayly
Womdshuliinueinan leAsans amiBannuiou 29.86%

SUTIR WU wazang (2559) leAnwimuiadamnaliniudwmsuniseanainuiou
Ine Wisuisudumiufanady midunaildnaasuiduininsanszuanauin
WEuringudnana.40 cm uazga 85.cm sidunvuriinnensenld Tidsdnlnadudomas
wara1u15auTIIdiinlnaldgsan 11-12 ke Jeuainimmenaauidioinied wazdsu
Snsnduemeareltamameasuidiu 3.12 3.30 waz 3.36 IneinnszIvaalunissnh (WBT)
HaASIsIuIL 80 3As NUINTUUSAsIdIue N AreI e IMAEinANSENUR B ALTTOUE NN
vhnuweam Tagliuszansawaudeugean 21.5 % gumpiinslumilaiads 517 °C 4

Aunuiedslumsudannuioudgn 0.94 u/kwh Famndinislduia nesududoinds

Usranmd 3.5 Wi
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Data logger

O

Airflow meter

2 = v o o @ a I a a " W
AN 29 Lcﬂw*mmalimua’ma‘umwammmsauuﬂ{ﬂumwamamnﬂfqmuisamami

7 5UMA W (2560)

FarTad dun (2562) IAnviadnnasiedeudomdsedudeiies Ussnoude
drulszneundn 3 dafe wouludl gaiiueinia uazgatlouideinduudeiilos i
WadzunIInTrUBnduURILAUINaIs 40 cm AuE 55 cm milaldwdnuduauin 3 mm
thulunsanszuen Heswnlwifidnwasduzunsmnsy Wudugudnats 40 cm @13au19
5 mm @Ua1NU0IAANHYT8IEIMTUILUIEION0N AMUT19EYIBUUIR 2 inch @ mSULAs
o AlalgWnauENINIAULIN 2 inch 220 Volt ﬁwwﬂwﬁﬂuﬁaﬂaummﬂL‘if'wzjﬁaqLmlwﬁ
LAYAIUANDATINTIMATRIDINIA YO primary air Waw secondary air 41U 2 62 lagld
Méndauazlnau flyndouidomasetunaidaslagliangaudeiiifdsduanuemes
iieliinsloudiomasegisreiiesmuauieduneineiuiuammidenszualiih ievi
n3nedeuLiemdusInuz sLAnTnalagnsleudaimnaindednlnauasdadnilnn
Sauia nuidadmlnesadindsnsnanuduudeudemasiiniad 6.15 kg/h ¥inn15Uau
81N1AYD4 primary air 7l A/Fag 6.885 HUsaNEAMEIR150U 36.31% waziiiovinnis
Jouenedngos secondary air 1 10% wuiwﬂix?ﬁw%mwL%qmwaﬁauqvﬁu 39.06%

ANUSONARAINUTOULR 13.80 KW
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UNIJe Uszanan Famde Uszandniwaiuiou (%)
11l 1R3ryyty (2560) Inverted Downdraft WNaY 24
CALTREIET 21
anuldl 13
unausaufuaulsl 11-41
35wl 193ayysy (2560) Inverted Downdraft wnau 10.36
1579 fuf) wasAy (2551) Inverted downdraft wnau 19.17
gasifier
Belonio (2005) Inverted downdraft LAY 133
Vyas et al. (2014) Inverted downdraft Fatalne 29.59-33.89
idoushuvis 38.68-40.53
ausny viegadly wazmmy (2554) Invert downdraft WARY 29.18
Gasification
AUEITYWGINL InTIne ey Up-draft Gasifier wlsivienldl 31.9
gusnus labs uazane (2556) Up-draft Gasifier iy 36.58
AUINE UWAMAIU LazAN (2556) Up-draft Gasifier iy 30.6
Waug udllvd wazame (2556) Up-draft Gasifier aulal 29.86
Panwar et al. (2008) Up-draft Gasifier i 26.5
SUTR UUTIU wazAny (2559) Invert downdraft Faglnn 21.5
Gasification
81788 Ay (2562) Up-draft Gasifier Faylne 39.06
Fatnlwadausin 39.34
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unil 3

gunsaluazn1saniiun1sive

(Y
aw a

luanuddell levnmseanuuuiasiauinidiniaussdnsaings dmiuidaoinds
SaiinnTanmdeiionienisinens Adldfinsimunnanmianalssdnsnnganuy
< a <
faduiielfinyszaninwliaty Tasluuniastiuniseanuuunionfuaivisiuaiesile

¢ @ 4 A o aw ax ° a a
gunsal a9 uaziaieslioTanldlunside aaenauisnsaniiunisvageu Tneseasiden

d” d”d s U d”
Wavuniilnaseluil

Faquazgunsafililuauide

1. Lm%omaﬂszﬁw%queLLUUG’?@LE:J

WAl sEdns qumuwﬁg\uauﬁnﬁi’]aummmwmssuma (Natural Draft) 14
aws‘uwjaLwaqmmammaaﬁqmqmws 1 wwlsl Adlfaunaidn wWisnnzaieurdy
nEausniNg Windudusuas fadnlue wazvudes Wusu wwiamisesuuSuiadina
Idigegn 2-7 ke/h vioUszanm 8-31 kw lfidamdsenisliiowin 1-1.2 Alandu anansold
auldunu 30-40 unil gaungfitedssamiaglugie 800-900 esrwaldea 19n1stlou
Famdwuuuths q Snvaznswaludidunswlniuuuransswinsnswludinsesuiu
mswlvsiuuunfadiedy Snvasvennuiadunasiaiesdunm 2 du fetuil 1 Ju
dauvosmsmnivdiFulu uazdud 2 iHuresdmiuldernalvariuesngfuuuve
uanantudilivesszuretiieandiuanswonn uastasiuuudmiulddauae (Audide

(3
=% [}

WA T Ineaeudld) lasuiadiniaindaladuazasstugaiuvunasiinnisaningd

]
|

Uinasuuueaalasefeeinadouiignisdulilnasndiudravenndrgiui 2 ae
nswanasunnufouninieaniludiiazlnasannisemiseenduuuseunuaziie
omaflguugiigeiuasyiliifansinlivesufadnalasasdunaldondarwily sed
dnwaniudtenninandemisesnyeseimiauanifanind 33 searludiisusradu
nsinszuen dufuituguinaiavipanilugl 20 cm g9 15 cm Inenisldnuanusaldimyle
viondlsidudomds wazannsadudomdslfesnadaidosduiionmasouieisnisdy

Umuinianfiaiusganinmmienuiousyf 31.9%
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= a « o v Y
A199N 12 Naﬂ’ﬁ’lLﬂ'i']:ﬁ‘ViLL‘U‘ULLEJﬂﬁ’W’!‘UE]Q‘N‘U’TDIWﬂE]ﬂLﬁﬂ

MTIATIwILUUUTTIN REETRIEET LY HANITIATIEN
Carbon (%) ASTM D5373-08 46.39
Hydrogen (%) ASTM D5373-08 6.05
Nitrogen ASTM D5373-08 0.50
Sulphur ASTM D4239-12 0.01
Oxygen (%) (plus errors) 40.67

2. iewliidndin (Wood pellet)

1%
< a

Fowdnmslisasinililunismageu udomdandefninlssuulssulivay
rnAnnAnSueTanlsl Taotaulsinanatenateiiui 1wy Tsanumesidiees iesseu way
gunsaivianliusng q fimdeannimilulivsslend Iddumslidandnnsadiaie
i llduszlevilusunisudsulmdundnu Wnsduevldanliuiaisuaseing iiela
ANLTY MFINTUTATUARBIATE IURaTIBBALAL NS T OURIUAELASE 0.1 cm ABuvh
maé’mﬁmé’wLﬂ%'aaé’mﬁmwuLLajﬁuﬁLLciuﬂaumaaqué%’awé’amuwmLmuwﬁwmé’aLL:J'IQ”
Tnadamndadimanuvuiuuiads 1,.201.08 keg/m’ ﬁmmm%'auagjﬁ 16.52 MJ/kg ALY
8.18% wuIAEUHIUANGNAN 0.8 cm AHET 2 cm WARISINNT 44 uazran1sILATIZ
LuuUsEnednasaiauan s 11 fouidemdsmagey Yinsanuantite

lamuduusdiueannautih Uk nageu
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o a « v o od
AT9199 15 HANTTAATIEALUUUTEUIULDIN1U129ALEA

AFIATIERRUUY T ToumIgu HEN1TIATIER
Moisture (%) ASTM D3302 uay D7582 6.43
Ash (%) ASTM D7582 11.41
Volatile matter (%) ASTM D7582 7152
Fixed carbon (%) ASTM D7582 10.64
Heating Value (MJ/kg) ASTM D5865 15.01

Tnen2luudreenusenauessdiuialsenavulunie arsusu (O) lalasiau (H)
o [ o v = o [3 v o s N «
29n31au (0) Wassausenaundnuasilulasiay (N) ewdntsadmsunanisilAasIERves

= LY < o |
FAUNADALUALTAIAIAITIN 16

P = « v [
AT 16 Naﬂ'ﬁ’)Lﬂi’w‘WLL‘UULLEJﬂﬁ’W}‘U?NW’N‘U'Y)E]ﬂLﬁﬂ

NTIATIEALUUUsEU0 ETt R vl HANISIATIEN
Carbon (%) CHNS/O Analyzer 39.70
Hydrogen (%) EN 15104 5.12
Nitrogen (%) EN 15104 0.35
Oxygen (%) EN 15104 37.91

AN19ALINN1IvY
Tun15Anw1iaeyN1509 NLUUNAIUY @519 LALAAUANTIAULTDUAITINIE

LY =

UsednSnmgedmividemdwadinaniagmionmanisinees weldiuluadiSeu Taeil

1

[ o

S8ATBYAVBINUNTITARUNUIFeiTeall

1. numuenan s IITINg uarduAusiunudeya Anvmgud weluladuazdeya

v

MAe7999
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2. Anwdudsiinadanislindarureanufadnauasimuianasiu Tagldtouly
yoansdani
3. nagaunislindsnuvssmufaafundoniviinseianssouzveanuie 4y
Goulrlunisesnuuuimufiadunanniagmdslinanisinums
4. hFeulvildnesnuuuvisarindivesminnalstaninmgdlasdnideniauna
Sousinildviomn 3 wiie 16un wiedha elsl uazdadaine
5. dnweuiag-gunsaldwiunisaiivieanivivesn@iunausedvining
6. asnvisarnimPnnalssdvinmauazyinnsnaaeumuseavsnmanuiou
Tuidoasu
7. Yulpaveamnivndinn@isnausz@nsnings wazvinnisvngeu Mneindia 3
ila Thud Wt wewls] uazdadning Taeldisnmsdud nsldannizinanse q s
MsAnwIraveIsRsIdLeINAReBIWAS §RsInnsTeuennie Primary air #n51015U0u
91M1# Secondary air wagnsidifasouunsdmteudnginn
8. nagounisldiiursunnfanaduiteldussiivaussousuasiuiouiiou
UsvAvisamwnaanafeu Wefnwimsvinnudall
1) Sadumneradainas
2) 9n3N15U9UBINIA Primary air
3) 8m31N15U8UBINA Secondary air
4) nslfufaseuundmdoudignm
9. Uszilluuarlinswiianssousvaamniaunaussdnsnngs Wisuwisuiunislim
uianssniteAnuiuasuSeuiivudsil
1) Biomass stove Temperature
2) Fuel Consumption
3) Energy consumption
4) Thermal Efficiency
5) Mass and Energy balance
6) Biomass stove emission
10. Ussilluesugmansnisldiandnadssdvdnmgaiisuiunisidinuiasi
11. ajuna wazdmisenuatuanysaiuasunam uniaigntg

Y o - = [y -
mmina;ﬂ‘uumaumsmLuumsmsﬂnm lﬂﬂQLLNUﬂWW‘V] 46
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- aselvananusau

v

[ Jnvirsenuatuauysal J

- psihenusounaluly

Uszlewu

Anwndeymuasduaiiteya
e 1
v | - UssBvBammeanudeu '
& v 1 v :
G ERR T AR N T - SansAunfemdau !
) 1
! L - siuyumsliufianadiu :
NG G T
A519061 <
_____________________________ : lainnu
- 9msnsteuennid A/F ! v
s . : AU UTUU?Q/LLF{L‘U
- YUAVDILFDLNAITINIDALLA !
1
- 8msIN15UBUB N R by
1 A
]
Primary aif ' AATIEYNE
- 9n5n1sUaue A | 7
. i
Secondary air : d3uNan1saaey
i
b
i
5
b
]
1
i

- Biomass stove Temperature
- Fuel Consumption

- Energy consumption

- Thermal Efficiency

- Mass and Energy balance

- Biomass stove emission

AN 46 JusUNSAILTUN1ITUIY
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1. 3n1seanuuuimiuiayszininings

nseenuuMI A EIaYsEAVBA IS Aadaamathiemwianndeiiinig
nsinwasiifegluvissfunlinufumdunalussiuaiifauluzuuvuresfomassage
nseenuuuBnIINMsAnmmsgivanmisliiundanumiuiouresguruaniandinauas
uRansdy AnaUiinummadouiidomnisléau Aunumuiinuemawssdemasiidedd

' v val ) «
BRNLUUTUIN LlaséﬂtiﬂﬂﬁﬂaﬁLN']I‘WNV]LﬂNWSﬂNIﬂEJL‘UUﬂ'ﬁLNq\lﬂmUﬂﬂqqgﬂNU‘lsm BRNLUY

a ° & | v & a 4
gavouninia dimsdieufauisdruniwilvbe uageenuuussuutoudainduuusiaiios
v valu v v v a A
HaaINNIseanuuuisa ndldsziduiesmniudivuunsenszueniiviunns 4,710 cm’
seuvtoudeamdslduameiduiuifeine lavlddunesmeslunismivausasinisdeoulay

° J o = v ° P
Wm'm'luam'wmatuaa TIUATIBUANTITDDNLUULALEINNA zmtaua'l,uuww q

2. M madaumITaUTEANEA NG

=

o o 14 x| ] a
AIATNUUNITN maauuazmstﬁwayja LW@UWIU'JLﬂi']%’;ﬁw]ﬂll55ﬂu3‘U8\‘1LG1'1‘U'311'Ja

Uszdndnmegs wWisusunuuiansaulaalgisnisauua (Water boiling test) lnafitunau

Y 9

N1SVAABUAIL

1) INIUUANUNSDUTDIANTINIA 1AaUSUDNSINTISUR LT BINEY wasdnsIni1stou

2IMAMUNGYY TsuANUNTauvesgUnsailuntsvegey inTesiufingamgil gunsalin

gouuil iasastnimtin
o & a 4 L= ] v & a ° & ° 'o’ ] L3
2) dhwawwdineseulildaduviesloutawmds viinsgaw aantuiiildastumle

UM 30 cm U 7 kg LHBVIINSIA@RUANUN

3) vnnavaaeun1sinul lnsduiinteyaanmaiivn 4 5 i Geteyanvuiinlaun

- UTNUS AU

- UMMTNUIEANY

9

o & a
- UINUNLYDLNE

oe

- VTN

e

=o

P

UVNLUN
Y

- gumgiinngluien
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- gunimeueNAN

- gamniivdesniu

- QEMEIMALINRDY
- e asituduing

- Usunadlniihitlganu

o 'o’ 5 1 du a A Vel o v ¥ Vs [ v Vv ar [

MASNAFBULINIA 2-3 LaetiainaInlYn 3 YRnlawn wrwlidndin 91l nadnin way
v @ A o v 3 Y o v M ov a a Ps

Wt SaLn Luaw'\n'\swmaaun'\smuuma%aLLaauwmay,awlmUssmuuammswwammus

vounTnalsedniamgsdmivdomiwadln

= a N o o & a o 4
3. Nau‘l'llnqiﬂﬂﬁaUﬁuiiﬂuzﬂa\1LW]‘U')SJ')E\'USzaﬂﬁﬂqwgﬂﬁq“i‘ULﬁalwaﬂaﬂluﬂ

1 @ o v al a a ] ol :&I a e
mamAduUsimnganlunsldaumndsnalssdninmged mivdomdwadin

o LY @ J v & a a oda wa 1 [y v J v as
ﬂﬂﬂiUﬂWiV\ﬂﬁ@Uﬂ\iﬂaﬂ’JQB‘l‘UL‘U@L‘WEN 3 FUANUAUFUUALANHAIINU Toun Lﬂl‘)h.l@(”ll,flﬂ

ﬂl.l 3 [ [ 93/ L =4 ] al o @ v ;ll
et lnadauln uarnetdade Flumsmageulisiouusiniua 3 fuus fall
1) ans1nsUauenFfoLdoInad

A15UDATINSTaUDINAR BT BINAINIAINN1TAIN (Fananinisaiunly
AANUaN @) veuAwliondianf AF = 6.09 ke/kene Tat12Inadauin f AF = 5.71

ki KSruet wazvhatmsasiaf AF = a.74 K€/ KSrel

naaaulagldUsinumstioudamassaia Toun 3.0, 5.0 waz 7.5 ke/h

2) ansnstdausiniAges Primary air

Farsaudasinistleneiniates Primary air sudeuludasinsioufomaudas
Uinaunsteudomassasiagade 1) Tnafvuanistieusiniad ER = 0.6, 0.8, 1.0, 1.20
way 1.40

3) 9n31N13UBUDINIALDY Secondary air

ievihnsnaasudsled 1) war 2) udnhdteulvilafigauintmaseulagiudm
msteueiniAtes Secondary air Snwnilans

Taendnsin1sUouenia EGRA 10% way 20% ¥999n51n15U8 U8 1N1AT D

. N oot & o w
Primary air #359A1 ER iavigaaiuainy
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4) n1sUsEEivkarIASITINAN1SINEDU

- a ¢ ° a ¢ o " W
IUﬂqiﬂizLﬂJULLaSFJLﬂi']SVINaﬂ']'iV]ﬂﬂE)'U TVNIIAINTULINBNIAIBANINAINU

dudearamds dasianududeandennu Usedniamnnsaiuiou gumgiivniien

2/

u
(% o v ) o L3
auqamauazwaamuw'l‘umwaum N15UaAUADEUANTIT WALNITIASIEA BUANIN

\ITUgANARNS
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AIAaaUYsEAvSn e Tinig

(Water boiling test)

73

@ ¥ [y @
FAUNATALIN (Myye)

A/F =571 kgair/kgqu\

wwliiSaudin (mee)

A/F = 6.09 kg.i/KSrel

|

yhatdauin (mee)

AF = .74 kg,./XSel

Smsnstleudomds
290 Hz - m = 3.0 kg/h
5.40 Hz - m = 5.0 ke/h
7.30 Hz - m = 7.5 ke/h

é’mwmiﬂaurﬁmwﬁq
290 Hz - m = 3.0 kg/h
540 Hz-m = 5.0 kg/h
730 Hz-m = 7.5 kg/h

Sasmstloudamas
2.90 Hz - m = 3.0 kg/h
540 Hz - m = 5.0 ke/h
730 Hz - m = 7.5 kg/h

Priary air (V,)
ER=0.6, A/F=3.426
ER=0.8, A/F=4.568

ER=1, A/F=5.710
ER=1.20, A/F=6.852

ER=1.40, A/F=7.994

Secondary air (V,)
10% x Priary air (V,)

20% x Priary air (V,)

Priary air (V,)
ER=0.6, A/F=3.654
ER=0.8, A/F=4.872

ER=1, A/F=6.090
ER=1.20, A/F=7.308

ER=1.40, A/F=8.526

Secondary air (V,)

10% x Priary air (V,)

20% x Priary air (V,)

Priary air (V;)
ER=0.6, A/F=2.844
ER=0.8, A/F=3.792

ER=1, A/F=4.740

ER=1.20, A/F=5.688

Secondary air (V,)
10% x Priary air (V,)

20% x Priary air (V,)

|

Usgavgnmeanuiau (1)

|

FuUULALLATYEAAN S

d ac 5 b a o | &’ a W
NN 47 'JﬁﬂTiLLa¥‘UUWG‘Uﬂ’151’]ﬂﬂEl‘ULC‘IW‘U’)N'J@‘UisﬂV]ﬁﬂWW?\!\iﬁ’W‘WiUL‘UBLWﬁQBﬂLflﬂ



0L0EEZEIBL

€y :bes / 6T:0€:TT £9S2S0LC :ADSI / STSYI SEOTOESTES STSIULT ALK II"II“” ||||||"||

4. W edBUANTIOUSIAUREY Y

74

NINAdaUATINUEYBUAUAAeRLMEIEN1IAI Tagviinistulindmn q 5w

- v PV [V
Fatouanvuiinioun

- munwid LPG Nauyinnsviagau

- vinwAd LPG aainnsyvingau

e

- gaunniiin

e
=)
=

- geuuiianFLIngen

y
v
=]

- ANUTUFUANS

P ° k4 o w v v a a )
Wevnisnageunisiudnawuanideyanlaviziliuuaziiasssidnsnaiiy

AuUFo WA 9RI1ANAUURDINAINUY wazUsEANTATWNNIANUSaU

< & ] a
A1519N 17 aqﬂmumaumwﬂaawaqLmu,mas‘uum

Funou ARnaLUUS LAY LPG  inBmnauszavsning
1. w3 v v v
2. Fnbwinideundasudu v v v
wazanving
3, \Foumdsiildluadana et lnnondin 3 kg/h Fainlnnondin
wiwlddaudin 3.2 ke/h wiwliidaudin
e moade

4. punadewmasldlunidina

5. 5TEELIANUNTNAADY, hr

FivnInndasin 0.6 cm

wiwlsidmin 0.6 cm

1.5 1.5

7 3.0, 5.0 uaz 7.5 kg/h
Fainlnasadin 0.6 cm
wwliidadin 0.6 cm
Wddndia 0.6 cm

15
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Funeu INTasauuUR Ll LPG  inFunauszdninimgs
6. BNIINTVAUBIDINA ER = 0.6, 0.8, 1.0, 1.20
wag 1.40
7. WuinnaiGuden v v v
8. fﬂﬁwuﬁnﬁﬂﬁqmﬁw v v v
9. FaUSaud v v
10. Yadsunadlnidn v
11. Aipseranssous v v v
12 innsimaAsegenans 4 v v

5. NMTAATIZHANANANIGAULATHFAERN T
nsldeumndanalssdniaimgs sSuludsavhmsyssdiuduyunisndaninuou
a ¢ v v | v o1 v [ = a a
WALIATIENTBYANNAUATYFANERT [RemANANAITIUNSIE UM Tl sEAnsaw
v < < a v g
a9 IneldaunisTuuni 2 (@unsh 50-53) srwaviBeasiasialuil
1. m3vssdiudununandanuiaurauntnig
1.1 funuAlganenunE U wIe (Specific Cost Consumption: SCC)
2. MIvIziuAMNANAMIAATEAIEATYUAITINIE

2.1 TBn1sUsziliunanauunugms (Net Present Value : NPV)
2.2 Apszvnanauununelu (Intermal Rate of Return: IRR)

2.3 seygianfuvu (Payback Period: PB)
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o
Unn 4

NANINAABILAZITAINE

o a o ° o4 &' a o
miaamw‘uuazwwmtmmmaﬂizawsmwgqmwsuwamaaaﬂLﬁﬂ

o o % (-] ar A’ -9 L7
mimmmmiaamwuLLa:wsumLm%"nmaﬂizaw5mw§qmmuwamaqamﬁm
P a a IV 1 peyys ¢ d o -
WTaUsEaninmggneaniuukaraslulaeiiinguszasAewaum1Tuns
a a el [ uAll’ a o« v -1 (v [ < 4‘
Usedndamganamnsasesiunisldidemddnadadialuseduaiauiou weldlunis
Usznauemisiazannisidauniansy L%LwﬁqmﬂumsaaﬂLLUULm%qmathzﬁw%quq
< a < qu el (7N 4‘!’ 4 1 v v v 1%
Wudaanianimninsinensnanuisaniladteaiunui wu Fad1alne Wiedns waziawlsd
t Y [ e‘l’ a A ] 1 Vv [ I [ -
IAEHIUNSLUIUNITOALIALTDINAUNDINADNIT MIIIULAEIRLAU NANNITODNLUUIANTINIE
a a & ° v P a a [y -4 v
UszdvSawgaiu azvihnisesnuuulmaniivsedninmlunisenninddu wasanunsaldaou
YR ) o ') g ' @ & aa, <&
Toatgesatiios laldvdnnisveanisalndlnensasrudunssuiunisufadiadu tne
a 1 a < P Vo v = [V Y] °
Uineiniadedamainmansaie vldrinnudeunaan n1sesnuwuuldudnniseiuan
v o | - L3 '3
D BINIUNITRONUUUMUWUURITINALNAUKUUBUNIDIA1IUASIN (Inverted downdraft
. . P ) a0 w @
biomass stove) (Belonio A.T. 2005) fifauusndrAnluniseanuuy 2 fuds fie vuInves
v v v [] L3 v v - = = % 2 o
wou vl wasidusiiaudnanivesiasrilug n1seanuuUIMTRNaUTEansnmgillavia
n1seanuuunielakaulyaufaInis nasldumidiuialuseauasaisou nelanvun

= a v ow =
WoululauAusmIT N 18

A5 NN 18 NS IBULAITILIAMIUAIUABINTS

L w 1 A )
anwal AUNUNY ANAIN AVeld
a v o v
Qtel USuaumnusaunfesnis 30 kw
My Uamtinu 7 kg
ty LnatlunsAudLRen 10 Min

trotal natlunsRuIRBAI 90 Min
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P ] a v ) a a ° o & a v o
AITNN 19 Lﬂﬂul‘ULiﬁJﬂU'LuﬂqiﬂﬂﬂLL‘U‘UW]q‘ﬁﬁu’laﬂizﬂﬂﬁﬂqwq\ﬂﬂq‘WiUL‘UﬂLWﬁ\ﬂﬂﬂLﬁJﬂ

dydnwnl ANNINY AT nun
N UseAvsmmendiuia 30 %
Mpgel dviinidomas 3,575 Kg/h
Cpw Fhﬂ'rmqﬂmu%'auﬁwwa'uaafw 4.186 kJ/kg-K
LHVcomeob ANAIINTOUTDITIITNA 14,740 kJ/kg
LHViooa chp ~ ANAITMTDUVB AW 16,520 kJ/kg
LHVice sraw  ANANIDUBDINIITTY 15,010 k)/kg
Dehamber uthugudnanaaamingd 0.20 m
Hehamber NNAANUGITBITR I LY 0.15 m
Pwoos AU LTB LAl 1,201.08 kg/m’
Peron cob ANMUMUNLUUTBITAT N 1,152.15 ke/m®
Price sraw ATUNUULULTBINIIDT 640 kg/m’
Pair air density 1.20 ke/m’
P Aot Sasmstleuamasiadenasdedialne 5.71 ki KSfuel
A/ Foo chip Sannisteusmeasaidemanmsly 6.09 ki’ KStuel
AfFrice straw Sasnstleusnasadamamingn 4.74 kg,i/KSpuel
ER dnsduauya 1 -

'l'umiaaﬂLL‘U'ULm‘i’amaﬂizﬁwﬁquaﬁw%'uL‘T‘i'aLwaaé'mﬁm fidupauluniseanuuy

YIANUA 6 TURDU Usenaunaey

1. YSuauenusaunldlun1saun

2. wBnandeimaildlunisyesiu

2. PVUIRA DN AT

4. Usureuenielaiuni s lvsl

5. MaNUSIauvaeInansluiaunlug

6. NSADNVUIANAAL
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‘Lmasunsu‘f:’umaumsaanuuuLm%amaﬂssam%quaﬁw%'uL%mwaqé'mﬁmamﬁa

] ol ° ) ] a °
NINN 48 LLa’-ﬁﬁlUaE’;Li’)ﬂﬂﬂ'ﬁﬂqu’)mluuﬂa%’ﬂumauLLﬁﬂ\ﬂUi"lUazLaﬂﬂﬂ'ﬁﬂﬁluqmﬂ"ﬁﬂﬂﬂLLUU

[
] [ ] a

Lm%amaﬂssﬁw%quqmmu GO GRRLQ G
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Cpw

M1
AT

ty

Qo
LHVio

Nin

tTotal

A 4

Y <
YUATUN 1

Usinauenudeuitldlunissuth (@)

79

A 4

mTotal

VChamber

HChamber

v o
Juppud 2
a & o < 1Y
mU3uatamddmlgluni v
X <R .
» Yhnanisteudemdsduna (m, )

> vinaunsteudeinlwasenss (M)

A

ER

Fotol

A/F
p air

A 4

v
Qs

o
Jumaun 3
R ORI
> USunawie i (Venamper)

v [} e %4 {24
> dutihuguinanio sl (Dgumped)

A 4

30 kW
® 654-8kgh
® 981-12kg

A\ 4

Vair

DChamber

A 4

Juspun 4

Ysunenmanidluniswnlagd (v,,)

® 0008-002m?

® 023-035m

v

Junoud 5

waMUEIaNTsIs A luaen il

25.83 - 38.07 m*/h

A 4

& 4
YUADUN 6

nMsidonUuIRRAAN

v

51-75m/s

AN 48 TeprunNTuAITDRNALUURNTINNA

A 4

373 W
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4 -y -] o A’ =3 o
TwazduanisAuiumMIsnuuuIndnalstdninmgedmiugenidnle
nafessudunisiuinniseanuuuiendauoalss@nangedniuiaimnae

o < &‘ Y o (-1 -4 Y L4 .2 -1
soniin e ldidamnaaniednandda dounsainislfimamasanndatotnadmds uaziaslsl

[

AAIAAZLAAINANITANIINTANLIN 1 TUAAUNITANUINIEAZ IR ARSTL

Fumoudl 1 msmunamBnandenuaaiauililunisyeiy
%v'umumsaanwuuLm%amaﬂiz?ﬂw“ﬁquqﬁm%’ulﬁ‘;aLwaaé'mﬁﬂ%éfawswﬁqﬁq

Anuseansndsuaueunldlunivediy Tnsraudesnisndsuanudouansn

Ululdlunisesnuuusuinvesionnalusl elildusuiuameuniuiideanis elu

[
a o o

41 v a [ |
Qﬁu')%EJuL‘ldJuﬂ’ﬁ’e)’e)ﬂLLUULmﬂLWSiSQiUUiuﬂmﬂ'ﬂuiauﬂ 30 kwW

y o 4 E oo
TUnBUR 2 MsAuuUTInadamam lgTunisuedu
A =f 1 oY /s v A v o v ‘O’ Q‘; A
Wansiudearvsunaundsnumnusaunaeanisuiiluldlunisaudianndunsun 1
o . & a o v oA [N W ’ v o v =
aunsaAnnuInugawdmldlunmsunnume lnldusinandanuaiuiouiisenis da
Fusilalunsmurnmusinumsteurnstnsasin Teun Uunuanudeuildlumse
Y ° . v v ' v [ @
11 (Qy) Tnan muausuiumIuSaunfeIN1saankuy 30 kKW A1AILSauTaInIetsaLsia
(LHVy,o) dA1A21058UiAAY 15,010 k/ke nisAuiundsununisteuniatnidadia
aunsaauwinilaannaunsh 25 Marelul
Q,

LHV

bio

30 kw
= 15,010k)/kg

Usunaumsteaunistimdnida

(mfuel, Rice straw) 4

3,600 s

Ysunaumstaunstmaaidin

(mfuel, Rice straw) 7.195 kg/h

1 =l Vo o < .
Tuduveansdlimslddadninedadln  (Moa comeob) = 8 kg/h

wezianliidaudin (Meyel, Wood chip) = 6.54 kg/h
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o a v o g 4 a v °
LN@W?WUUiquﬂqiﬂaquﬂ‘qu?JﬂLllﬂ‘LUiﬂﬂﬂL'laq 1 h @99dULAT F1UITOATUIBUUN

Vinnansleunndnsndesenisldau 1 as liandSinanisteunsdmdadia (m )

[

LA IEEELIANUNITANU (trem) F931NAIWABINTANSTIHMIUAMIRNTNILITe AN

v v 9 . ' o ° v | @ -4
ma\iﬂqi‘LUﬂqimﬂuq 90 min #9A IﬂﬂﬁqiﬂSﬂﬂquqmlﬂﬂ']ﬂﬁlmqiw 26 ﬂ\?ﬂ@lﬂu

a v o & 1 & . <
Yiunaumsteunadmoadinnensy (Mg gee sraw) = M, Xt @N5H 42

fuel Total

7.195 kg/hX 90 min

60min/h
U steunidnidaddn (Mg rice straw) = 10.79 ke
| <l Ve v @ <
Tudruveanstlinslidlnnedadln (Mo comeon) = 12 kg
uwaziAvliidauia (M Total, Wood chip) = 9.81 kg

& | ° ] v
YUABUN 3 NTATUINWIVUIAR DN L]
= < 1 o [ v 4 v o 1% g <’
Wensaufeausunundsnuanusaunneanisirldltlunisdudinazysuianis
1 s [ o v o o s 1 4 4 v v °
UaunndmdnudininenlaaiUTuuna19uausounIuifnenIsudl a1unsafIuInmn
WO WBUNT NI LA UTNUN ST BUHNI AN (Mo aice straw) WATAUNUINLY

WITNTAIR (Price straw) WU 640 kg/m? Fsanunsasuinilaanaunisi 27 sereludl

< v v mTotal
Uiuqmﬂa\u“'ﬂ»ﬂu (VChamber, Rice straw) S Y 4
Pao
10.79 kg
640 kg/m?>
USunausiaaenivg (VR s B =0.02m?
TudruroanslinslEgadInasawin  (Venamper, comeod) =001 m?
waziewlliondin (Vchamber, Wood chip) = 0.008 m*

PNHANIANNIUUTINUVBINBUNIINIT (Vepampe) WAEAMUATIDAUMN IR NG
0.2 m @NNIANNUMIVIAFURILANINA1YBMBAHIINT (Dchamber, Aice straw) WIMNAUNT
7l 28 westolud
0.5

VChamber
T

v ] 4 L% v
WAUHTUARINAIB AN (Dchamber, fice straw) =

HChamber X



0LOEEZEIB)

€% :bas / 6T:0€:TT £€952504Z :4D®X / SIS9YI GEO0TOEST6S STSIULT ALK l"”"“l“l“"l"“

82

0.5

_ 0.05m’

T

0.20mX—

q
WU UAUENAI ANV (Dcnamber, fice straw) = 035m
TudveansdinslidednTnedosin  Ochamer, comeon) =  025m
waziawliidndin (Dchamber, Wood chip) =  023m

Sumauil 4 msdwravUiinaenaildlunisening
Snsnstlousniailminsansesuiave e usiuasUsinaunistoudama iy
Fulsddniidesinsan Weswnmniisasmsteuemeflimnzaueiaasyinliiinaiu
senansldauld Tnalunisdunamvduasiniad dluniswalugd (v,, ) idenldan
Equivalence ratio iy 1 lumseuanmivsinaeinienldluniswalug uasdnsidau
smARBaINEs (A/F) Rldannnisdulavindu 4.74 kg,i/ KSuel HAZATAURUINLUUVD

I o < vt [ 1% <
2INANAY 1.20 kg/m?® Usmasenanlalunisiwalumd (v,,) anansaswaldainaunisi
29 ssslull

= d LA ERxmfuelxNF
Yt adlglum sl (Vay e sraw) = ——
pair
| IxT195kg/xa.74kg,, /ey
1.20 kg/m?

Ysnuonmanlglumsenvild (v, ree sraw) = 28.62 m/h
Tudwransdinisldfadnlnasnda  Vay comon) = 38.07 m¥h
wazireldionia (Vair, wood chip) = 33.19 m*/h

z d .
QUABUN 5 NIsAIUINNIAUTIaNYasa AN g TuRa R lull
| Y ¢ v Py . X
WenTuruAEURUALINA 191D ITR NIV (Denamben) WazU3uRIN AR IUNNS
v pu| ' P & A ' Y
wAlnl (qy) Avansausovunuednana laeiud (A) vewiedeuauviniu 0.00141 m?
L] v A s 1 d‘l
annsamuraauianldanaunisn 30 auelud
A
28.42 m>/h

<
AULIIAU (Vair, Rice straw) =

0.00141 m?x3600 s
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Asau (Vair, fice straw) = 5.6 m/s
Tudvensdimsliddadnlnadmdn  Var comcon) = 7.5 m/s
wazirwldisauin (Vair, wood chip) = 6.54 m/s

1 = o Y]
JUMDUN 6 NMSLADNVUIANAAY
' . ° a ) o @ =
1nAUTUINeINAAILIsaTh W@ envuinvesnaaunilauinran i uwenTuna
Ussﬁw%nwwqaﬁw%’m%mw%aé’mﬁﬂ Tma’l‘ﬁ"ﬁ'a:;gamnm'sﬁwmmﬂ%mmmmﬂm‘fﬂumsLm

Iudfideindsgeanuastainisdnnaiie 38.07 m¥/h Jeldvihmsidentinandllvl 220 V yuin

4

373 W 3eilensinistlovamade 7.5275 m¥/h fedennassiuninudeinisauiindnale

ﬁ']m'lij’muﬁume'n'amaUsz%w%nwwqqﬁﬁmmmﬁaamﬂwﬁ (Veramper) 1AL 0.02 m? wagdl

wuriniaudnansiaun v (Dchamped WU 0.35 m
InTupsuMseBNLUUNTInawUUlEATUR 6 Tumeutiedu anusaunagUna

[ 2] a4 = o LY &
ﬂ'ﬁaaﬂLL‘U‘Ulﬂﬂqm']'i'NVl 20 ‘UﬂuiqﬂaSLaﬂﬂﬂQﬁa‘LUu

=] & a a a ° o & a v &
AI99N 20 aEU‘UUW@UﬂWi@@ﬂLLUULm']‘U'Jll'Jaﬂssaﬂﬁﬂqwqua'}ﬂiUL‘UaLwaqaﬂLﬁJﬂ

1 Gnaenudeuildlunisduth Q) 10-30 kw
2. vsinaunsileudemdsduna (m, ) 290-8 keg/h
3. Uinaumstoudednlnesenss (mr,) 9.81 - 12 Kg
4. Y3uasve g (Venamper) 0.008-0.02 m’
5 duiuaudnatsie vl Ochamper) 0.35

6. AMUEUBMBANTIV (Hehamper) 0.20 m
7. Gnaenaildunswlugl (V) 28.42-4060  m’/h
8. anudau (vy) 5.6-8 m/s

9. @anvuUIAvAau 373 W 373 W
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1. nsas1avieamn vl

ﬁaaLmlwﬁﬁuamm%amaQna%wﬁuéf’aaLLm'umﬁﬂwmﬂuum 5 mm B9 el
s I v ' PR ) v
anuauzldunsanszuenianzrum 5 mm seudiniauasauaiuniiaidudesdeinidlua
viuazlnaseniessnin laefveusnluifiduiugudnais 0.35 m §A273g9 0.20 m A

AN 51

0420 m|

AN 51 dnwasve N w08

2. MIINATNTLUURNEINALEE STUURALTE
Imﬂ,umsaanLLUULm%amaﬂix%w%quaﬁm%’uL%al,waqé’mﬁm laviniseanuuu
U U lRlvielfue1niAuuin 1.5 inch 37u3U 2 19 wagwuin 1 inch 371U 1 vie
Wwuenalaglawnauwuia 2 inch TolW 220 Volt vuaiidesinay 373 W l48unesines
AIUANALLEITEUNM IUYUTaRaN awnsadeudnsinisivavesenidld 7.5-275 m¥/h
wagdinaugauiavun 2 inch 1alW 220 volt vuafdinas 150 W ynsansnddala

AINIWA 52
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dlu = | s =3 a dl [ v )
wag 7 ke/h 190N aITINIaoALln 3 Fla LWLaVINITNAGOUATUNSEUIUNITLEY viima
UNIASIEAUIAIDRTINTTAULU A DUTDLWAITIUNIL TRTINITAULURDINSIIUTIUNAL
UszdvSnmanuieu wazguuniuifenveun@iniausedninings siwavideananis

naaauiisinolul

4.1.1 wavasmsuiudasiduauyanilnadoaussauzrauaTaurauszansnngs

d. e e 1 A 1 d Q‘I ¥ -
WA 57 wananareIn1suTudnsdiuanya Ninasesnsin1sduludsutiomas

o du — o 2/ hd 1 s L 1] A é @
Tumzrosdamdsiainilnadaida sansmaaeunuitnisususisdiauya i uazguiy
= ] Y & B & a o & a o v a = - &
nufiiulydsalidnsnsiulissdemdtnmgvendamdsidiinedadaingeau

a « = (4

el 4 e L 1 ¥ @
511ng ldvuus wazauy, 2558) azineafuinisuiusnsduauya 1.20 Wensinis

—~

Audesiawmdsdnieangn 0.92 ke/kWh Laisufiunisuiudnsidiuauyaniangui

[
=]

LB INNISHANSENIIINIALAa LI DNl A Y vinbiianswnlndildauysal

€e

dmsuemadwdniudiludesdeusinialuaniizeinieiiune (Excess air) 31nngwi
\iniiay (Gaba and lordache, 2005) usiegslsfinunisusudnsdivauyaiiu 1.20 aeviili

wwliiugasinsiulFeatomdafingdu niliilesnaneiunesnnituluviliina

Soududaviiniu nsgydermiuioududaluiuuialede wwlrgluigumaivewiaged

[ [
=f =2 [

(Bhattu et al., 2019) danalilanasnulunisniswnlvidawmawiuadu 3avilvauuios

T

=1

Wemdaisduwuiy nisuiushsduauyait 0.6 Adasnsauddoatemasgean 1.15
kg/kWh Tuvnigiinisusudnsidruauyad 1.4 Tadnsinisdudeademas witu 1.04
ke/kWh

rnugiifuludursisnnsiuiemdmuiimzrentemdsdrinadada
eldimFaurauszdninmgs wuirdnannisduemdsusunizvosnisldidamas
Sadainnliuaenndoeiusnsinisaudondomass iy (Jagger et al., 2018) uaAIAI
awi 58 Tnunsuusnsndruauya 1.20 Tasnsaudemdsnusunssgnfniy
14.19 MI/kWh TuvarfinisuSusnsndiuauyasnsdiuauya 0.6 Tiddnsinisaundes
WAWUGIEA 23.61 MI/KWh
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Specific fuel consumption
(kg/kWh)

0.6 0.8 1 1.20 1.40

Equivalence ratio, (ER)

i Y ' Aa P @ Y A & a o
ﬂ'\Wﬁ 57 LLamNawaﬂami’la’maugawuwamaamﬁmiamﬂaadL%@LW@W’]LW’\%

N
(S,
| S

Specific Energy

consumption (MJ/kKWh)
e
1

0.6 0.8 1 1.20 1.40
Equivalence ratio

ANA 58 HavesdnIdINaNYafinadadnI s AuUGamd U NNy

A9 59 wansnareIn1sUudnsdinanye NnadeUssAnsnmAuIeu Nans
nagaunuInsUiudasdanya 1.20 Wussansnmgeansesar 38.07 1Ue931NN13
Uiuamadnuiuinnnimeu]] dwaliuszansamnisenivdveam@nayssdnsnmas

o @ [}

ﬁﬁwqaﬁu (5UB® WU, 2560) LLasLﬁaﬂsuamﬂmuauu‘,amnﬂiw 1.20 danalwdseans
audeuanas Lissannisteusmeaiifiudurin i seniafiuduiianisen
liauysal Tedewalindsumnuiougnudesgiuussennalufuufalaids duilugnis
anaaeIUsEdns N 1w udouaeansEuIuns Wty (Ghia and Gaba, 2000) Fatiunns

mvANUTIeINTARuweIiaNd Ay seuTunueenduiiismenaujizennisiunlvg
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ndawasiousransamaliuieuveani@ina (Tl 1naviA uazaAne, 2559) uaziile

= =1 LY =1 a A o L J a oo v o :’{
WIBUBUAUMITINIANTENTNNFINUNU LA UT HUITUTEENTAINAUSTDULANTY

Savay 64.16

40 -

30

20

10

Thermal Efficiency (%)

0.6 0.8 1 1.20 1.40
Equivalence ratio

NN 59 UanrarIdRdIuauYaniinasraUsyANSAWAINTIUTE AN TINIE

v
= o = =

AT 60 UannaveInsUTudnTduauyanilnaneguugiiuiien wuingumgd

u U
1

nsweavanhreuiinaios warnnisuudnsidanya 1.20 fidgungiinisifienueuigs
nimsviudasdiuanya 0.6 \innnUsinueendiaulunisinividewdaiutiy danaln

wasuAusaunlaanmsEnindiinty dildgnsmemanueuliiuinlumsiienldiss

Y

Tu (1579 qui) wazAmg, 2551) lngguugiinisinenvesineglugie 98.2-99.6 °C deiluw

h 1

n1susudmstdiuanyalutas 1.20-1.40 iszeziaainisifenvesingania 10-15 min

aaa

o3 nujisenlutu Combustion zone WuUjAseratrsainuiou aauilieUIum

[
= [

panTlauiuduvinliguunainelunigeliuy iianisdimeauseuiilaainnswludliun

11 danalinisifenvasingslu (Ramirez et al., 2007)
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120 -

@)

100 4

ot

2 80 - —e—ER=0.6
[0}

g 60 ~@—ER=0.8
g 40 —&—FER=1
T —ER=1.20
o 20 J

o —e—ER=1.40
; O 1 I 1 I I 1 ] 1 ] ] 1 I ] T 1 1 ] I 1

0O 10 20 30 40 50 60 70 80 90
Time (Min)

(7

AW 60 naveBnTIEENaTIINaR oM I LAEA

V) & a oda ] a a a
4.1.2 ﬂ']illi‘U'é]G]i']ﬂ']i“j@'ﬂt‘ljaLwaﬂmuﬂaﬂaﬂuiiﬂugﬂaﬂLmq?jqu?aﬂizt'iﬂﬁﬂ"lwqq

] v 13

il 61 wansmansususanstleudiewds iflnadednsnisauudeateimas
WUIMTnsUSUSAs N sewdemnas 3 ke/h ssudeimasdannaia 3 aiia lidnsinas
Audsadiamassmnzanii Wedisuiusnsnsteudamas 5 ke/h way 7.5 ke/h Tag
wslsflfEnsnsauudendamassumnzsingn 0.92 ke/kwh ilasnnieinaaudagnuanlud
aneldoniadiuAuiivmzay Vilieandnwiguunfivesuarlwiivasseenunlusening
nszurunsnlsladaveadomauds VTﬂﬁ’LﬁmﬂﬁqcyLﬁszm%"awi"w danalrAunoInns
domadunisuanaiuieuvoannanas (Suresh et al, 2016) athalsfinunisifingnsinig
{]E]HL%’EJLW%QﬁQNﬁIﬁLﬁﬂﬂﬁLNﬂWﬁL‘WNQQ%‘u vlRUSnaaudeuiildlunswilnidomas
Ry LLazﬁmsWﬂWiéuLUEBQL%aLwaqﬁ%wwqa?ﬁum}uﬁu (nquns Suaud®, 2555)

vauzidoafulududnsinisaudemdsud g nuiinisuiusasinisteu
Fadadmalisnsinsaudsmdinusimzvendewddndiaiuunltuaenadosiu
Snsn1saudsatomasunne Tnefisasinsteudomas 3 keh Sedalnalidnsinis
éuLﬂﬁaqwﬁaqwuﬁwwasﬁwqm 14.19 MI/KWh uanssfanind 62 iiesainuSinandemasiing
sonmswiluidemaminldviinademadimunsan avildnisnausewinseniAuay
Feawdafnnswalwsiiaeiu 54v‘1”1’lﬁLﬁmmsLmlwﬁ~7iaw‘sai (USaey, 2555) peslsinnu
nswasuuaSinademasfiunniy vTﬂﬁm'imu@u@”mmehu‘ummmﬂeiaL‘T?@Lwaa il

[N et & A o a & o o
ﬂ']iLN'ﬂVIiJE]EJ'TQaNHstQLUUL?@Q‘V]UWﬂ (@uwsn Iaﬂmsmq‘ﬂﬁ LASATUY, 2558) Lagllalngu
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Aunsldaumiufiansdu wuanisldaueunalssdniamadlidasianudundes

WAIUNINNINSBEAY 7 Wi (BUIR Unn T, 2560)

1.5

¢ RN

5 (7.5 315175

315 7.5‘

Specific fuel consumption
(kg/kWh)
o
U

Corn Cob Wood chips |Rice straw
Feed rate (kg/h)

=l )

o o @ dy a = L Ay I 4‘" a o
NINN 61 NM5USUINIINTUDULTBLNGY NNAsDRNITINTTAUUADLYBINEIT WIS

_ngO
5 215
v =
5 :10
- ~gie
£ 8
)]
& 30
c
S 315175 3 \ 5|7.5
Corn Cob Wood chips | Rice straw

Feed rate (kg/h)
AR 62 N15USUIRNTINITU UL BN AINTINAFDDRTINITAUUADINGITUT N

P v W & a aa | a a v
AINN 63 LLﬁGNNa%adﬂ’]‘iﬂ‘w@m‘i’mﬁﬂ@uwE]L‘Wﬁx‘] NUNARUIZEANTNINAIIUTDU

a

WUINNTSUSUBRTINTSTauleInas 3 ke/h 9pu@an@sdinmnas 3 sia nusedndamaliu

Fougeaninsviusannistowdawda 5 kg/h way 7.5 kg/h lasnuTunaeimaalunis

wlngden vliannisgadeninuioureunt dualiimiused@nsnmiiingedu (Igboanugo
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and Ajieh, 2017) agdlsfimum@inrausedninings Wunnfinsinludaad fnasly
a & a o6 P @ s v o a [V ¢ a a
YSunaudamdanm esuiundununnuiounindala Gmnsel gilley, 2555) uazille
= L 1% & v 1 ) = A L7 a U ) =Y
Wiguiunislgufianasy wulndssdnanimainuiaunaedinminii Ineuseaniamainy

Jouveufavenueglutieiosay 50-55 (5ud Wiy, 2559)

. 40
g
3 Z 30
2 <
@ @
£ E 20
i
£ 10
@
=
= oo
3|5 1|75 7.5
Corn Cob Wood chips | Rice straw

Feed rate (kg/h)
‘!l g L ﬁ'j ad Ad 1 ) < 1%
HINN 63 NawmmsﬂsuamwmsﬂauL‘uamewmamaﬂssawﬁmwmmsau

A 64 uanswaransUiuasinistlautomas Ailkadeguuaiiiifion wuin
qamqﬁmsLﬁamaaﬁwﬁauﬁwmﬁas Ainnnsususannstousnaned smaiimangas)
yliEmsendiauluniswilml Famdadistu dwmalindsnummdouiildanmsmnli
iy ﬁﬂlﬂajjmin'18mmm%’au’lﬁﬁ’uﬁﬂumiLﬁ@ﬂlﬁﬁﬁu (N9 ieUAY UaTARLE, 2560) 9
Prnadionuestiegi 10-15 min wargamninisdonvesiioglutag 98.2-1025 °C aglsf

ANUATUU L UUYBIUS LB E sTian an1saon1smAlAsive wenTmna 1einiomaud

€% :bas / 6T7:0€:1T £9525042 :ad2I / SIS9Y3Y SE0TO0ESTI6S STSSULT AW mlm

P ' - v & a o o ° 1% ' 1% 1 - v
finunuiwiug aiipltiemddudsnnnun mlvenaldaunsalurauiuigemils
e anfisuiunslivsnandomdsien asiliiAamsiluifauysalinnndd (@usna uwmn

AU LWavAnLE, 2556)
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120 -
~~
@)
< 100 S =" N W W = =
v
3 80 4
I
5 60 J == J=Corn Cob 5 kg/h
g- =gy Corn Cob 7.5 kg/h  e===Wood chips 3 ke/h
g 40 - epim= Wo0d chips 5 kg/h  a=gge=Wood chips 7.5 ke/h
g 20 4 e=g— Rice straw 3 kg/h s Rice straw 5 kg/h
g 0 ~y== Rice straw 7.5 kg/h

T T 7 T T T T T T T T T T T 1T

0O 10 20 30 40 50 60 70 80 90
Time (Min)

v

d e dd 1 a0 <
AINN 64 Nﬁ‘U@ﬁﬂTﬁ@ﬂ'3’1ﬂ?iﬂ@ﬂﬂﬂ“ﬁﬂ@@ﬂﬂﬂﬂﬂ%ﬂ@ﬂ

o= g = dd 1 = =
4.1.3 NAYDIYUALYDLWEY wuwaﬂaaussnumaamemaﬂszawsmwga

wavestiindoindudazyiin finstleuoinmelusnandiuauya 1.20 wazdnsnis
Jouidomas 3 ke/h :nnvaassnUiwavemdaiamasinanesnnsauldeademas
Fumry TodamasTananndsining Wensnsduudeadomdssuwizsiian 0.92
ke/kWh uainsdisnmil 65 ilesninauanifveudamasiidaiu dwalvdnsnisdudies
Wamndsfisnatu Tasuasoinsininifuegiunudureadomas Fedsdnlnadaudy

=2 ]

ﬂ'au‘ﬁwwi"wLLazﬁmmm%fauﬁqa Sedamalildndinutiosnitlunssemeiludemasdie
(Patel et al., 2017) a&ha‘lsﬁmmﬁmﬁsuﬁ’ums‘l%’mmmLLﬁ"amé\’u NUINSEERITI98
UsrAnsaiwgilidnsimnuduiudemdsnugendn 1.5 wi (Gueid umidy, 2560) Tu
mmxtﬁmﬁ'm%uaLwaﬁnmafamWw%’n’Lﬁé’mwmséuLﬂﬁmL%@Lwaqqaqﬂ 1.13 kg/kWh
drulugusnsinisauldomdinusimi: nuiniswasusdademas deals
Fomdsndatninefidhnnsdundomdsnusumedian 14.19 MI/KWh uansfanmd
66 1oaanmsmlnslasanisidomawds Shavmiluiidomashivun wasmauviody
B8 (Ash) maannisenluidemasivuevinlianUassndanuainudeuainnisen v
firas (griind widuuu, 2558) MaddsiinamdeUinaidosiian 0.582 kg iaiibusy

wiwllivaz et Juhlugnsnisdudisandsnudinizagn
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C

s 1.2 -

—

Q

£

3 . 11

S £

LA 77

T 2 1 - -

Y ;;:if;;

5 7

8- 0.9 =1 /’fw’if’

7 x‘/:

E oz ;;’%fi
g 0.8 2

Corn Cob  Wood chips Rice straw
Fuel (pellet)

< a X o da W LA & 4,
NNV 65 HAVDITUALTDLWAIVUNANDDNTINTAULUADILTBDLWAI WL

c 18

5 e

€ 17 A4

2

Cd —~sai] 6%

3 £

279 9a
o W
SOl 7
5 A
= 13 [l ?X .
v 1 2 A E

Corn Cob Wood chips Rice straw

:bos / 6T:0€:TT £95250LZ AD3X / STIS3Y] SEOTOESTHS STSIULT ALW M|m

Fuel (pellet)

154

AN 66 NAYDIVUARDLNAINHNARDINTINITAULUADINAIUTINE

AT 67 wanwmaresriinliielnds NinadeUszdniaInauNITau WuILTaInas
Frnaandstnine Wdnsinisidssaniameaniusougegn 38.07% Wasanildnsinis
audoandsnudnmizan vinliiAanisgidsaiuieuliesiign dwaliuszdnsamaiiy

Souvauaingelu Wesnniamadmseninivuainlulasudsinnaiiudeouainnismn
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Tvsfgs Glsaid lywauding, 2557) ogslsdlaiiouiunisldufanedu wuirseansamennu
Youndsdansninit Inguszavinmanufouveufianifugegaiade 73% (V. K. Pantang
et al.,, 2007) UszAniarmvaandaunadedussdniawaininauRanadiy Weainian
Fanafimswnlwidemdeibiauysainszauanifvesdoindsdiguantifiunndaiy 1y
ALY A1Awdou uazAAutu ludy weeilleFeudisuiumufaysiuidy

nswninilugUrewiadadunismnviifiauysal (Bormam, 1998)

0L0€£2£981

40 -
38
36 -
34 A
32 4
30 A
28

Thermal Efficiency (%)

Corn Cob : Wood chips Rice straw
Fuel (pellet)

AINA 67 NAVDITRAIBWAININARBUSLANSNINANSDU

AW 68 Laninavesvinaiwas Ninanegumniuiien nuInlendeliiaaIngs
d1alne Tinainisienvesiigeedad 12 min e ndrunalssinndsdning Wudomdsd
nsUanUasendannugdn (Patel et al, 2017) IuiidSinaeengrulunseniviiiemds

Wudu denalinasnuauiounlaannnisiwaludmuay 3edrglunisseiveveniilagean
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13574

(Masrnoudi et al,, 2017) wazilugnsaewanudeubinudilunisifenldiivu lnegaungd

ms@aﬂ‘uadﬁwa@u“m 98.2-101.2 °C
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jumy
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Water temperature (°C)
O\
(@]

—e—Corn Cob

—a-Wood chips
——Rice straw

0

10 20 30 40 50 60 70 80 90

98

Time (Min)

(%
a o o

| - & a da ]
NTNWN 68 LEAINAUDITUALTDINSINUNEA DR UNNNUADA

4.1.4 naaTUNeul iz audaauTInuLva AN TN U TEANEAWE

lngRaulunfanndwaladuialszdniamegs faussousnsvinuing fensly
WowmdaTunasadailadsdnlng lonainisuiudnsduauya 1.20 uazdnsimstou
Weanduady 3 ke/h wudiilgnsin1sduildouteimisiasndsudnnizaiani 0.92

kg/kWh waz 14.19 MI/kWh TiussdnBamenindougeqn 38.07% dgamplimsideayonii
ogjlurag 98.2 - 101.2°C

A1997 21 aglaussouzreumPinalszdninmgadielfidemdsdnianndaung
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134

WNTIaUTEENEA WA

ADANYUY

' Fnlwa el Wt
T2 A NUATIEIU (min) 90 90 90
Usinaudemnasimaneas (kg/h) 3 3 3
SRIIEILANYD 1.20 1.20 1.20
Samnsauddendemds (ke/h) 0.075 0.075 0.075
Sasmsaudondewds e (kg/kwh) 0.92 1.05 1.13
SasnsauUdomdesunag (MI/kwh) 14.19 15.19 16.99
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Ysunaumnueuildusslom (k) 2.85 3.26 2.65
Usnainnudeuaniomds (M) 40.47 49.56 45.03
Useaninmainusou (%) 38.07 35.56 31.78
Useansninsiu (%) 37.29 34.96 31.19

4.2 dnsnstdounianeivdignsaunuainid (EGRA)
v v & I P a a ) al v ° & ey v
Tutetlaziunisiinuszansninniswnludveanidiuia sunisuiieniante
[, | = & v ar v v . .

nnsenlmiuaianUassleds uasuianlaanudsnsunsaieanilusl (Gasification gas)

vy 'Y v oo & | v a P VIV 1Y
webudien Inenisusuldufianiassdruidnanludsuunwiiumendiniuaunauiuly

L7 1} & A y’; a a}u 1
dndrunnanuilugdginuennia 1:1 (Chen et al, 2019) lngaznagauluannenonsiaiu

v

auya 1.20 nasinveamstounfianienlugden

] s

F7UNUeINA (Exhaust Gas Recirculation with

(g
s

i = 3 A a o a a |
Air: EGRA) Aoy 10% wag 20% waansldidanddaldin 3 sia Nansinistausinimaas

1%
p=~1

aglua9 1.6582 - 3.3163 m”/h lagiiswasidunda
A 69 uanmava N stlounAamutlusitismfusnmaniinadosnsnsauUS e
Fomaesiiwiz wuiinisuiudnsinisilou EGRA 71 10% uaz 20% dwaldiisnsinis
Audoadomasdumeiuuldniugty fuumnefsnaiuoiniafigaiuly Kich et
al, 2018) usteeslsfmunisiineinefilaasiinanonuazetnve e lududs Tu
Auveriladomansiiuinfinisususnsinistiou EGRA 9 10% vasnisldaednlnals
é’mwmsgul,ﬂﬁaaL%@Lwaw"’nwwﬁ"wqm 0.94 kg/kWh Lﬁaqmﬂmwqwﬁmsﬂaummﬂ
dufualsginidnsinistiousiniamiangul 10-20% avdsmadsoniswilniidemas
(@fiu 99AUBN WazAMY, 2553) Sninstleusinirsuiuludiuaesennendnuazennie
sawmbﬂ’lﬁl,ﬁmmsLmlwﬁﬁamﬂmﬁ?ja%u (Deng et al., 2020)
suiiofuludiuesnsinsauldsmdnudimig nuiinisususasinisteu
EGRA daralisnsnnisaudomaanusimizulsiunssiusnsnisauddsuiomasimy
Tnsfinisususnsinistieu EGRA 7 10% aaenslddetninalisnsinisauiudomdey
Fumnzainga 14.38 MI/KWh wamadaniwdl 70 lasanuinuanuiureandoimasdimane
rnanSusiuAaRlda sl (usTad aavadui, 2556) nswnlvsideina sy
Audugdamaliiinnisgydendinidusninias vlinisednaiufourenmanad

283l ANTLNISIANTUNT 08AIUDITRTINITFULUA DINEIUT Iz TuNSHERA LS o UTD 9
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WAL AR DANTINUEMIINNUTBTEUY kavsununsanmuiauvem (Jyans

ViU, 2560)
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Specific fuel consumption
(kg/kWh)

EGRA 0%
EGRA 10%
EGRA 20%

EGRA 0%
EGRA 10%
EGRA 20%

EGRA 0%
EGRA 10%
EGRA 20%

Corn Cob | Wood chips | Rice straw
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Corn Cob | Wood chips | Rice straw
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ANuaugeanionar 38.07 uarfin1suiusniinisdou EGRA 10% Twlssansnimeiiuiau

Tna@Aeeiu EGRA 0% wavininisusudnsndiu EGRA viu 10% agvintauseansainainu

a «

SouvaumTinlalivudiliuanas (WeAadng AsAng, 2561) waluntanduiunisiivy EGRA

v v
=2 [}

] ¥ 4 o L ] a a v 5 1 al 1%
‘mﬂ‘lwamwm'ﬂwasummmﬂwqwu dsavnliwomndsfialnlaS9unazdadeslaFedsaag

=~

. < da & d & o ¢ o _aa @
(Kirch et al., 2017) s nmisnluiiluanizasiiintuliondadasuiadilindugnin

[

nslae EGRA %aﬁau‘lmﬂtﬂmﬁu‘luﬂumzﬁL%@Lwauﬁqﬁwaqgﬂlﬂﬂacg Arenslualisuees
p1mafigstulunisufusasinistiou EGRA vilussavsnmnisimlusiagluseduiigudu
fe (ain et al, 2018) ¥iliiAnnsUdesleidefianasainnisulviidlianysal fafunis
Hou EGRA suludmiunmsunlngansszimeiudesoenuiunainidoinas (Ramachandra,

o 9 va 3o e X
2003) ellinn s lvifauysaldeu
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Corn Cob Wood chips Rice straw

AN 71 N15USUTASINNSUPU EGRA MilnanaUseansninenuiou

ludvemanisuiudninisteu EGRA vasitaudainisniinasesgumngiiuson

9 = A o a y & a i -1 a v v =
WaRIRINIWA 7274 Weeurilaveamsldidewmas wuiinisldidemdsindstnalneiinig
Uou EGRA 10% Womugiinisifionvestifiuarsrernisihenvesilnaifissiu EGRA 0%
lnpiltagungiinisiaenveddlegsening 98.7-99.8 °C illpsnmswwiagnvinlinasiu
Inslvesdawmaauyaidu uasvilruiinuanuSeuihlUlglunmssui siudenisssmednd

897U (Mahawan et al, 2016)
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Water temperature (°C)

120

100

80

60

40

20

102

—@—EGRA 0% —f=—EGRA 10% —fg=—EGRA 20%
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120 4
100
80
60

40

20

Water temperature (°C)

wnctpen EGRA 0% anfifem EGRA 10% «.fi«= EGRA 20%

0O 10 20 30 40 50 60 70 80 90
Time (Min)

v

= v w v a5
Mwi 74 n1suTudniinisdeu EGRA veswdfiinaegaumgiiiien

4.3 uanwlaidevauni¥au7a (Biomass stove emission)
uafwlodsanssuurnimiFunauuusufudmiunmsuzemsuas mslieuiou
yhlanifuavavanvesadsiiateuissumssulunauanuafiunseinia (Deng et
al,, 2019) lnewansusieananudesaiuduaousufa Jsansiiduanusufastratu o,
50,, NO, azldnuneidu ppm (v) (@rudedudiulasuinins) nszuiunisiuiluiveunin
wavsgansnmgadunssuunmsunludidemaudshonmsmnludfuuumnssaiunise
TnsluvuniadiiaduaunsotivannisuanUdesuafivnisoiniaasle (Tryner et al., 2016)
Tnvezldiadesimszifinglaidaainudessvuinie testo 350 Wundesilolunisina

uanwlaidevounintayseaninnas

AT 75-77 wanaRani1sAneLiaasusuneuuenles (CO) uRasanlanuns
Tulmsiau (NOy) warunalulasiaulaeanlen (NO,) ‘uaqLm1%’;maﬂss%w%quwmﬂu’aam
daiwas nuinnisteusinialudiunes EGRA 10% dwmalinisuantaes CO, NO, uag NO,
anas9n EGRA 0% %’aﬁmﬁm'jwﬁmmgmﬁwuﬂ ImﬂmmgwummﬂLﬁaﬁizmaaamm

Tssnuiluan co laiiiu 690 ppm uazan NO, llifiu 200 ppm (NFUAIVANNATY NTENTI

v
=< [}

VINYINTTITUVRUALEWIATDY WA 2553) Wesnnisteusimanigaudddiiingamy
3

a

nsanivdvesuailngauniu vlwAnniseendnduiauysalnntudedionneiisans 39
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denalinsUandaseuna CO, NO, uay NO, anm1as (Senneca et al., 2003) N5
= a & a ' \ ¢ 1 a ' v

Wasuuwlasrilnvautawmnds deuanoasrusynauassundidamasiudiuniswilivinass
Wasnnnnisuasunialadeiinuansreiulumudnunreadomdsduma agrelsAniunig

_- ‘J L2 1 =Y 1 E 7
wludlunszuaunisinlsladandnsnisivavesainieludiu EGRA guiuluagdanals

v ' ' v X o a

wrlliuweamsvanuasy CO, NO, wae NO, luseninamsilvdgelu iasineinieyie

ad a o g v o ad o g va a
giinunnduliliiaalnniswnluiianas aaunginvinliidawad lwlunssuiunisinlslada

Y 1

[

VBuTeInasanas (Basu and Prabir, 2010) Asdun1smuaudnsinsleueiniaviseiniavdn

[

wareInavienil ramisnas i unalseaniamadwareauninnndmiudldau

Y

o v ' o P v .
TupdrFeulswsignisdassuialadeainniswiluifianas (Supramono and Inayati,

2013)
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AN 75 nan1sAnwwiaaIsuaulauuanlen (CO) waam1diuia
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Corn Cob |Wood chips| Rice straw

MW 76 wan1sAnwikfasanlanvaslulngiau (NOx) vedaTiina

ia%a

EGRA EGRA|EGRA EGRA|EGRA EGRA

Nitrogen dioxide (ppm)

0% 10% | 0% 10% | 0% 10%

Corn Cob |Wood chips| Rice straw

i 77 wansdnwuidlulasiaulaeantan (NO,) va8a e

4.4 NMIFUARNIBUATHAINU (Mass and Energy balance)
nsaugaavesszuulunsliiemdsinadadia insmadeusasidiuauya
1.20 Tgdmsnstowdownds 3 ke/h vinmisnageuilunan 1.5 h wansdeulonasnisaiuio

nsaufasiavesszullunANwIn
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) & a o v - v & a w v v d & a o v
AN 78 WARLTOINAIIENS U B LN B AT INA S TasaIwaanitn
= <~ P o v ° aaa P @
zuuilinasiy 4.5 kg w38 21% Wnedionnandnluvinugasentunseuiunsiiuamiin 17.13 kg
<N A ;24 1] A 1 - [
w38 79% Turafldnseuusiy 21.63 kg drumnanesnainsruvaruiseemidulsunuuia
NARAUN (CO, CO,, HO, Ny, O,) WAEATUSIHALAT FINIGBBNAINTEUUWINAY 1.058 kg,
1.661 kg, 0.545 kg, 13.156 kg, 4.339 kg uay 0.873 kg AUAU
Tuduainisnisaunandsnuvessuulagddednilnainssuu 4.5 kg IAAusau
v o V) d v = ) o |
13.49 MJ/kg AIUUNAINUTIUNLUITEUU AB 60.71 MJ (100%) drunassuneananseuull
o v = a v ' v d a a
wasumusouemdnls 23.11 MJ (38.07%) dauwsanugaideiinluszuugninsiei
o =g a A - ] ] s
TnuFunInaunIsIuMgeindanuiigydsvassyuunma @3en uag uing, 2559)
.:! 1 IS P =] s b4 a = al L
Fanumanaiinsgydendsnuaiusouninudunt Qe wazlads (Qq laeifindanu

Au¥ougauds 9.76 MJ (16.08%) ua 27.83 MJ (45.85%) Anuandiu wansian il 79

v

fU+HE1 0.872 ke
— CO 1.058 kg
W | e €O, 1661 kg

* H,0 0.545 kg
27md 17.13 kg - W ACRERREY > Nz 13.156 kg
——— 0, 4339 ke

(Wownds 4.5 kg I,

AW 78 NSANNANIATRITEUUWNTIINAYe NS LB WRING 1t Tnn

Heat toss of walt and stack
9.76 MJ (16.08%)

Heat loss of exhaust
27.83 MJ (45.85%)

AT 79 MIANRaNAINUYBITEUUNNTIIaVRINT I INEITT 3l
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= 1% ‘3 a Y o [ =g a o v
A9 80 uansnsaunainavesszuulunsidivemduavlidade lasieindaan
P - = o v ° aaa P4 a

szULTINa I 4.5 ke w38 20% lawfloinmantuvinujaselunssuiunisimedn 18.27 kg

=] < 4 1 %4 ] 4 1} < &
%39 80% f1afiissuusI 22.77 ke drusnanesnainsruvaziuseenluuSinauia
HARAMT (CO, CO,, H0O, Ny, O,) HAa¥aIUTIUTLEN FINIA0DNINTEUULVINAY 1.150 kg,

1.807 kg, 0.554 kg, 14.031 kg, 4.112 kg uag 1.115 kg audsu

ludiureinisnisaunanasnuuesssuulnefiewldidiseuy 4.5 kg inAnuiau

16.52 MJ/kg Sutiundanusuiidassuu fie 74.3¢ MJ (100%) drundsuilesnainssuud

0.0€e2e98l

wisnuaufounnadald 26.44 MJ (35.56%) finsgrdendanuaiiufousinutdann
(Qug wazlaldy (Qp lnelindsnuauisuagidy 10.42 MJ (13.99%) uag 37.51 MJ

(50.45%) Mua1nu LARIFINNT 81

H
H
H
i
'

QU+ 1.115 ke

L"‘gamau 4.5 ke S = €0 1.150 kg
widuna |0 €O, 1.807 kg
—+ H,0 0.554 kg
a1na 18.27 kg == g » o NZ 14.031 kg
—+ 0, 4.112 kg

AW 80 N1TAUARNAUBITLUUMNTIIAYRINT LT auwd el

Heat loss of wall and stack
10.40 (13.99%)
a

€% :bas / 6T:0€:TT £952S0L7 :AD3I / STSBUI SGE0TOESTES STSIYLT ALK n"l“

Heat loss of exhaust
37.51 MJ (50.45%)

Cll a = 2/ d‘l = 2/
AINWN 81 ﬂ"l'iﬂilﬁ]ﬁWﬂxN’WU‘UEN‘i%UULG]’W‘U'J?J'JE‘UE]\??’]"I'{L“UL‘UE]LW?NLﬂ'lE&lﬁJ
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AN 82 LLamm'iauqama*uaassw‘luﬂﬁ’l&%’aLwaama%ﬁmLﬁﬂ Tnodond i
NS UULINGaII 4.5 kg ¥3® 24% ImaﬁmmﬁﬁLﬁﬁlﬂﬁmﬁﬁ‘%m‘luﬂixmumiﬁ'waﬁﬂ 14.22 kg
w30 76% funadidnszuusin 18.72 ke drumnafieanainssuvavuiseeniduliinauuia
AR (CO, COp M0, Ny, O,) Ware s dién Funasenainsyuuwinfiu 0.925 kg, 145 ke,
0.461 kg, 10.92 kg, 3.234 ke tay 1.7325 kg AUaGU

ludiresnisnisannandnuvesssuulasiiviediidissuu 4.5 kg frnnuieu

15.01 MJ/ke fatiundsnusiuilidhssuu fe 67.55 MJ (100%) drundanuiteanainssuudl

0/0EEZE9BL

WAUAINTE U NERLA 21.47 MJ (31.78%) Hn15ayidenaeanualusouInulaen
(Qug wazlolde (Qp lnsiindiuninusougaidy 8.39 MJ (12.42%) waz 37.69 MJ

(55.80%) ANUEFU LAAIFININT 83

e e EUHLN 1,7325 ke
................... €O 0.925 ke
wdana | Co, 165 kg

H,0 0.461 kg

N, 10.92 kg

0, 3.230 kg

\WeLwda 4.5 kg 810,

v

aimm 1422ke o,

v

AW 82 MIAUNAUIRVBITEUUAN TG VBINTIUU DN IW1I 7

Heat loss of wall and stack
8.39 MJ»(12.42“/0)

€y :bas / 6T:0E:TT £95250LZ :aDSI / STSSyUl3 SE0T0ESTES STSSULT ALK I""”

Heat loss of exhaust
37.69 M3 (55.80%)

ﬂl s = b4 ﬁv o 14
NN 83 ﬂﬂiﬁllﬂﬁWﬁN’Tu‘U@dizUULGH‘U’)?J’)@‘U@QWW{L‘UL%@LW@QW’N‘UW?
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4.5 NMTAATISRATYFAIENTN NG
NMTUATITINIAUATEANEA TN WA 1WA TIaUsE AN maa laviinis
Uszilluruyunisuinainueuvaun@iuea lngazUssdiunanauunugns nanaunisly
< [ a LY a do 14 S (. 1 P
wazszezatAuyu WWumMssziiumdnsmanauunuans Mihld NPV Sawvinfiu 0 nanade
liiuangvsluswaaveugyadinduindagiuuds Tauviiu uamu asiudminet IRR
= ' L= ) W v a L ] = v v & e
fiiunnniviawihduauyunanistiu azteldlassmsiuunzauinazamu deluiteilu
N15U T UALN UM THAANE LA DULAZAUN AU IAT IS RIASYEATER ST0 01 T398
a a a4 < 9 v a a 2 ] =1 a o v a
Ussdniningenan ER 1.20 Salviuszdninmaniuiougean nnsldwewmddiunadada
v v v W v = 9 [
Lo datnilng eyl wasvnadn legazdSsufisuiunisldnnasdou EGRA 10% waznis
Tumudansauluszauainteu laosgazdoanisawinszianddunianuan v
4.5.1 MIUTTIUAUYUMTHEANTIUANNTBUTBUATINIE
< a v a @ 1% =
AW 84 uanan1sUsziliudunundandanuauiouroun1¥nad ER 1.20
WiguAumiavssu wuinnislddaiminedadalviuunisniandsnuamusousian 2.52
baht/kWh Tunaugiumufayeiilvisuniseiandsanuaiiuiougaan 4.68 baht/kWh (ausina
WA, 2556) Lpswndstninadadaisinaunusinansg 3.1 baht/ke vausfinAanas

fisduyugeniiogi 21.2 baht/kg

5 .
C
Q0 4
yol
£
o =
O
v 22 1
S 8
ICHE
&
D
Q. 0 -
(Vs ]

5d1

qoo wio)

Mel3s 201y

MWH 84 NsUsziluduuASRERNEIUATNSoUY
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5197 24 uanansUsEIUEULIATYEMandra L TATiBUULMIEN 1A
nsAnwmuinemdunayssansamgadlelddetnlnn wlsl uazvadn Meseznailums
a1 1.5 h/round Yuas 3 round/d FUTsmnnsTdndasn 0351 kwh/Round (lelfieufiu
wiaysnuiivTinanisliwdan 0.22 kwh/Round vililisuvunisudneiuieuveanisly
\FeamdSadawiniu 16,974.71 baht/y, 17,467.46 baht/y wag 18,945.71 baht/y sug1su
vougmuiavesuliiduyunisndnamiuiauniniy 45,267.30 baht/y fidndoutigednw
1,000 baht/y A151991 25 uanmaagunsiiATIzineiuAsygAIansre nTna
Usrdvsnmgelumsldaunifauna 2 seuu (ER 1.20 U EGRA 10%) wuinil ER 1.20 il
I%L%aLwaasB'q%'nIWﬂé'ﬂLﬁﬂ'lﬁszﬂsl,’;mﬁuv]w%mﬁw 1.25 year NANBUWNUANS 85,739.23
baht Hausendna 28,294.12 baht/y waziinaneuuwnunislu 74.82% Weldidamasavls
Sallali naneuunuans 83,627.81 baht nauszwdn 27,801.37 baht/y waziinansuuny
el 73.30% wazidleldiveimdsnsdndadaldssasnafunu 135 year nanouunugys
77,293.57 baht naUszutia 26,323.12 baht/y uaziinansuununielu 68.73% a1nn1s
Ansreiazitildindhulsndnidwasesurunisnananuieure umiauna Ussansnngs

d o v o A - a & a o & a ”  a 1
Luauqlﬂlﬁﬂqu‘[,uﬂi')ﬁau ﬂa‘Uum‘UaﬂL‘UaLwa\jLuaﬂﬂ']ﬂi']ﬂ']‘uaﬁlmaLWﬁ\TLLUiNULWﬂJ%Q‘U‘UGﬂN

[
2

\wsugnavessive Jsdawaliduyunisuinuas sesena1n1AUYUARNEITY wazuIn
Apsnsldaumiiaiveanuaivleds ssuu EGRA 10% WWudnmudenviis@efifunud

gand1sEuy ER1.20 iantiey

] o a ) « P A Qv o v
AN9N 22 L\TE]HI‘UﬂWiUiﬂLuum']ﬂﬂ']ULﬂiwiﬂ']ﬂmTUENLW'VU'HJ"JaLﬁJEﬂ‘ULLﬂaVNWﬁJ

Altay Wiy wiiavaey
Viinaunsliemaa kg/h 13
STETaUMS Y h/round 15
528SAT AT round/d 3

rELA UM IEY dry 365
MATemadtua baht/kg 21.2

wewe: smuianedudsae 318 v (15 nn.) (@invuulsuisuasinuwdanu, 2563)
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] - a v ¢ al PR a o &
AN 23 LQ@U‘L‘Uﬂ'TSU'izLNUﬂWQﬂWULﬂSEﬁﬂWﬂWS‘U@QLC‘]']‘U'J?J'JaLN@I’UL‘U@LWﬁQ@ﬂLNﬂ

0L0EEZTEI8L

AL ww Fag12lne wwlel W99
Ruamuadranduis baht/unit 35,500 35,500 35,500
91gmsldau y 5 5 5
Vsnaumsiiidomas ke/h 3 3 3
STHLATIUMILTNU h/round 15 15 1.5
SYELIATUMSLTNU round/d 3 3 3
SrOLANUMILTIU d/y 365 365 365
demadmna baht/kg 3.1 3.2 3.5
Usununslawaanu kWh/round ~ 0.351 0.351 0.351
USinaumslinwaanussuu EGRA 10%  kWh/round  0.576 0.576 0.576
1A baht/kWh  4.4217 4.4217 4.4217
ANt Y baht/y 1,000 1,000 1,000
aonde % 5.375 5.375 5.375

wnewe: siadeisansaiisuiuminlssurgn (U3em 4.4.15 din)
1w mtigay 4.4217 um (MstWduasual, 2563)

snsmenlufufuuuiisvugnm 5.375% (sunAsnidlng, 2563)

A13190 24 MsUTTIUNAUATYEMARs YeuMTIIaBUAUA MY

£€p :Db9s / 6T:0E€:TT €9STSOLZ *ADSI / STSAYL GEOTOESTES STSIULT ALK H||I|||||l|||||||||||||

ALY Vel ufiepedn  detmalwe vkl vhetn
Sasmsauldontomds  ke/kWh 0.22 0.92 1.05 1.13
IANTBINGY baht/kg 21.2 3.1 3.2 3.5
AUVUNTSHERAINTDUY baht/kWh 4.68 2.85 3.36 3.96
suunseansievielni  baht/y - 1,699.46  1,699.46  1,699.46
ﬁunumswﬁm baht/y 45,267.30  16,974.71 17,467.46 18,945.71

o o Y A‘ a - o
winawe: uiaeruiisninsdufaadends 1.30 ke/h (Guwd iy, 2560)

ufiaernilduunsuanaliuiou 4.68 Baht/kWh (ausna uiadau, 2556)
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P a v o
A15197 25 msUszdiumasulAsegAmansvoumunaiteou EGRA 10%

Aty why  Feimine ewld Wetm
Sasmsaudeadomas kg/kWh 0.94 1.07 1.14
PTeinas baht/kg 3.1 3.2 3.5
AuUNUNSKARANTBUY baht/kwh 291 3.42 3.99
suunsudndontaelni baht/y ~ 2,788.85 2,788.85 2,788.85
é\’unumiwﬁm baht/y 18,064.10 18,556.85 20,035.10

o a v Py a a
A13197 26 AUNITIATIEIVINSAUAS YEEARSTeaTnaUsyAnEnngs

30T why  FTlne Leiwlal Wt
| Nama‘ULmu’qwﬁ (NPV) ER 1.20 baht 85,739.23  83,627.81  77,293.57
HARDULNUNS EGRA 10% baht  81,064.68  78953.26 72,619.02
dnsmanauLnuneTu (IRR) ER 1.20 % 74.82 73.30 68.73
dnsmanaulnunielu EGRA 10% % 71.46 69.93 65.32
nausendm ER 1.20 baht/y 28,294.12  27,801.37  26,323.12
nauszudn EGRA 10% baht/y 27,203.20  26,710.45  25,232.20
szglIanAuyu (PB) ER 1.20 y 1.25 1.28 1.35
53E8IA1AUYY EGRA 10% y 1.30 1.33 1.41
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- a a o & a o a Mo

1. memaﬂixawﬁmwqqﬁwm‘uwaLwaqmmaamﬁm AlavinnTseanuuUULaY
Waiudvuineglugie 10 - 30 kw Tdnsdeusiniauuudedu lnefidaudszneundn 3 diu
A v v & a VoA a - P
Aevioanvll yaloudamdwuurailie uazgainernia wdaiizunsadunsinssuen
M1l 3 U laevuinaugarearauwilug 20 cm uwazauiadusugudnana 35 cm

&l = t A v v o = L. A v 4
yadaudainduuudailies Usznaumeusenounig angaiies Tuimdoumevaineiuay
- v & a v a ¢ ¢ pu| a )
\esnamuausnsnslouiamaiigdunesinesusuaud waryadneiniausenaume
L = L4 € o s L A U ] o:ll a 1% a a
AnauteusinirLarduesinesdmsulsumnud nstgwmdiuiauvunaddliussansnm
by s ' PR | v Y v v v Pay

eueusnI s muiaeisiimuieugganie 73%

2. dasnrsdeuenianmanzaungaveinislimunauseaniamgailely
Wandadawaan Feialng wivld wazwrstm laeldeniannisuiusnsdiuauya 1.20

TN IN1SUOUDINARINGNINDLTDINAITIY 3 YU AINA DRI IANUAULUT DU DINAILLAY

1
o

waauINIEaan warlrusednsnmanuiougage
3. mstdenldonsinisUeun 3 ke/h Waussauzn1sIIUTa LA LAITILIE
Useaninngedangege visluanu Ussdnsamauieu dasiauduiuisusemiuay
WA Warisuiunsensinstoudainads 5 ke/h uaz 7.5 ke/h
v & a o Y- a @ v | ol | v =
4. Mmsldiwomdwunadadiayladitninaluleulanfan dwaldiendiuna

a a a ° et A v @ ' o
Usz@ndnmganazdaussouznisvionuna Weuiudnsduauya 1.20 wde 17.12 m¥h

' [l
[ ={

el ‘;l [ 1 ﬂ‘l = &’ = o o
wardnsMTdoudenie 3 kg/h nudnlidasnsauisudeamnisiasndinudtwizingah
1.05 kg/kWh uag 14.19 Mi/kWh Tiusz@visamwainuseugean 38.07% vianlunisiiienuas
H = a - H 1 < v v v
11 15 w1l gaumpiimaiienvesdiegluyae 98.2-101.2 °C Tuvauiinisldimliuaziatna
IUsganinmanuiougagaviniu 35.56% uay 31.78% Aua16iu

< va v v & d & a ' W
5. wamstouenenisliditninadadatuiomas Insnisdeusinmasuriu
2 90 A 493 primary air Wa¥ Y84 secondary air 1INAIVNIAABUNUIIN1TURY EGRA Wiy

10% TvuszanSamalnuioulndiAsaiu EGRA 0% warnuinnisUau EGRA Y 10% g
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A,

v J o = 1 YV = o
Tn1suanvase CO, NOy wag NO, anad Luaamnmsﬂaummﬂwqa uaa'lmnﬂqquums

'S

v & 0 § ¥ a a o d ¢ & a <
?lﬂI“N‘UaQLUaQIWQQ‘UUWWN ’Vl'ﬂ“l,ﬂﬂﬂqiaaﬂ‘ULﬂ‘UUWﬂN‘UﬁimNWﬂ‘U'UL aummmﬁmwa N

jmd

dwal¥nisvamassufdlodeaniminnayssaninwgeansias

6. MIauRAINaLasNauT B TIIaYsEAVE N mguTlnsnnmslEdadnng
Soufieluszavsnmgegalussuy Sadlinasaudhssuunintu 4.5 kg win 219% laeilawnied
Lﬁﬁlﬂﬁwﬂﬁﬁ%m‘lunszmumsﬁﬁ"’mﬁn 17.13 kg 38 79% flinaflidszuusan 21.63 kg dau
afiesnanszuvaIzuesnuUSnuLianansdmst (CO, CO,, H,0, Ny, O,) WasaIusIy
%Lﬁﬂ FauaoenainseuUWinfY 1.058 kg, 1.661 kg, 0.545 kg, 13.156 kg, 4.339 kg Wag
0.873 kg AdIU wazludiureanTIMIauLnand I uYeIsEUY WUIMaNUTINTsEUY
f® 60.71 MJ (100%) druwdsarufieanainssuuiindanumndouilianudnld 23.11 M)
(38.07%) An1saqyidandsanuausauaInulian (Qus) wazleids (Qp) Tnsindauaiiy
Sougadey 9.76 MJ (16.08%) Uay 27.83 MJ (45.85%) Aa1WY

7. M3UssdiuAsygAansnisnanauieureundaniaussaninmgs I8y
awulunIHEAMTIaUSEENTAINES 35,500 baht/unit Iy azAnirsugmansnIsudn
ArmSoumdaaaiildan 2 svuu (ER 1.20 fu EGRA 10%) Wioldidemdsdsiming il
wazvhadng Weutunsldnuudaneiy Wewdwadalifuyuniskdnsauiniy 16,974.71
baht/y, 17,467.46 baht/y Uaz 18,945.71 baht/y amud1su daulmufanenuliauyunis
HAMAINTBUTINNIAY 45,267.30 baht/y ﬁwué\'unumswammm%awaum%amaﬁ
ER 1.20 wag EGRA 10% wuinnislidadlnadauialidununisndawdsnuninuieusign
2.52 baht/kWh waz 2.91 baht/kWh Tuvausiimufayadulidunisndandsnuaiuiou
g9an 4.68 baht/kWh wazludiuveaasugaansnuing ER 1.20 vasnislddeinlnasauia
usedndnngean lneliszuziiaiAuyu 1.25 year HaRBUUNUANS 85,739.23 baht

nausendn 28,294.12 baht/y wariinanauwnunielu 74.82%

Yalauauu
1. msAnwinisesnuuulvlidnuaznislidaulussuvuiamfagueuiufuiy

evilvins I eIndsdaginianurainvataliuTy
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) [ ”
NDLUANNAUVUIA 4

WHUWENYU YW1 3 mm

WianNaswwwIa 1.5”x1.5” U1 3.2 mm

1 < 1 o
WRULMANYY YUY 3 mm Vislwdnnauuuia 2 inch wul 3 mm

yio PVC 2ua 2”7

v < a »
domaneurtaniu e 4

Nowidnawuia 17
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TutnBenaung 2”7 seagRAad 3 cm
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o = ° o g = ol
S10ABIANITATUIUNTITODNUUULAN %’m’aaﬂszawsn']wqammuwa wasdnula

N1TAMIAUNITERNLUUIAN TN ALsEANEN N ged iU TamAsdauia Tneld

o

Fawarindadialnedania uaziarlidnnia uaninanisatuandludusaunIsAUI LT

o

= &
TIERTLBUAMIU

nsdimslddiamasnndadriinadadia

Sumaudl 1 mMsfuwILMIVTINawE s uaafauitllunisedy
‘ﬁv'umaumsaanu:uuLm%amaﬂszaw%quqﬁwﬁuL"ﬁvmwaqé'mﬁmzéfawsmﬁqﬁ'\

audeanisndinuauauiilslunisesu lnsAaudeanswdanuaiuiouainse

ilulflumisesnuuuruiaveaeanilng Wwelwlsuumaudeuniudidenis Felu

- e 4 = LY = v -
QWU'J‘BEJﬁLfJUﬂTi@@ﬂLL‘U‘ULW]LW@S@QSUUSN']NF]’J’]NS@UV] 30 kW

g’l d o z =
YuRBUN 2 msmmmmﬂ%mmwamaaﬁ‘ldﬁ‘lummaﬁu
a ] a v v v ° v % 14 <
Wensiuierusuiundsnuainuseundeanisirlultlunisduiiandunoun 1
[ a 4" a AL 3 A TN [ 2 du -s!
anansafamyTadamanldlunisyeiuie ilausinundsuanuiounsenis 3
swdsildlunmsiunmuiununstousdlnasadalaun Usunuamdouildlunisdy
11 (Qy) InsAvuaUsHIuANSaUNRBINTISEBNLUY 30 kW Aanusautssdatninedadin
(LHVyo) HA1auiouvindu 13,490 ki/kg nsauiunivsunanistdaudadinlnadadia
ansaAwlinaunisy 41 asseluil

A v o < g Q
Yinamsteudsdnlnesadin (M. comeon) .

LHV,

30kW
13,090 ki/kg

3,600s
8 kg/h

a v v & *
Uinaumstdoudsdnlnadain (Mg, comcon)

dlensuviuunsteuddnlnasadinlussozingt 1 h l@$adunds anunsa
muamiunanistourisisadadenisidau 1 ad Idnusnunsteudadning
gadla (rhe ) War sz USRI (tro) ?&'amnmmv’faamsms’lﬁ'mul,mmé\'u'lu
muiteiltianudeanislunisduni 90 min deads lasaunsaruanldainaunisi 42
Fartoluil

Uinaumstioudedmilnadadinnonss (Mg, comcos) = M

fuet Total
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8 kg/h x90 min

60 min/h
Unaun1soudsdmnInadouin (Mrop comcon) = 12 kg

& d ° Y 'Y
YUABUN 3 NITATUIUNITUIAD LN LT
| o a a v o v ° v 5 a
Wansaudeausuiaundsnuanusaunasinistr Ul lunisdudiuasysunanag
v v 2 | v a a v o v v °
Jaun19d 1 dalnnie LA A1USUIUNAI9IUAIL S DUAUTAABINITUAD ATUITOAIUIUINA
nvaiasnimdliandinunisteudadninadadie (ho ) wazarumuiniudgs

v o Y e ° v < Y e
TTINATAUEN (Pron cop) WU 1152.15 ke/m? Feaunsadnnaildanaunisi 43 darelull

g Total

pAp
12 kg

USuauio s vl (Venamper) =

1,152.15 kg/m>

USunauie i tvisl (Venamper) 0.01 m?

NWANITATNNUUTUIUVDINBURTIVI (Vepamper) HEEAMUAIITBIRNIMITANES

° v 1 v 2 [V <
0.2 m @UNTOANNAUMIVUIAEUHIUANENA19YBINBUMINL (Depamper) HIRINENNTTN 44

fanaluil
0.5

v ¢ v v VChamber
W UARINa1 B AN (Dchamper) | —
HChambeer
05

0.01

= 19

0.20x—

aq

WuRuAUINA 1B (Dcnamper) =  025m

Fumeudl 4 mssuruvUunae maRldlunisunlvg
SasnstlousmefimnrausevunvesiearnlnsiuarUinaunisteudemndady
fulsdrfgiidesiinnsan Wewnwinidannistieusmeflimuneanenaasilfiinatu
tn39n13 MUl Tnslunrsiuamiyiunaeiniafildluniswalwd (v, ) Benldan

. . ] a J - 4 L 4 [ X 1]
Equivalence ratio iU 1 TunisAuiumiviunueiniafldluniswing wazdnsidu
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1 a’l’ a v v ° | W J 1
21nNeRelBaIds (A/F) AlAIINNTISAIUINIINAY 5.71 kgyi/Kgre WAEANAITUUUILUUYDY

1w < v . ° v |
2 AR 1.20 ke/m?® Udinasenemldlunisisnlng () annsaAnnlaanaunisi
45 s lull

ERX X AF

pair
1x8kg/hx5.71kg, /kge

Viinasemeildlunmsinlvgl «,,)

1.20 kg/m3
Uiinaemenldlumsnndl (v,,) = 38.07 m¥h

17 o ° o v v
YUABUN 5 NMIAUINRIAMNEIANYase M AN Tua s ln
o [N « v [y a Anl
WiansusnaEuRUALENa19 8B U T (Dehamper) WazUSIN@INARLElUNS
v oo pu | ' o & d | P W
wnlvgl (M) Az ausavuInveamtiiula Inenui (Area) vawistauauwindu 0.00141
[ 1Y ‘4 .2 ) 4’
m? @ansaAnamiauliangun1sn 46 fnaluil
. m_
AU (vy) = e
Area

38.07 m>/h

0.00141 m?x3600 s
3
AT (V) = 7.5 m/s

nsaimsldtawmasanias o asg]

14 o ° v o i )

Tunauil 1 NIsAUIMMIUTINAWEsuAUTaun IgTun Ty
%’umaumsaamwuLm%amaﬂisﬁw%quqﬁm%'uL""uamﬁaé'mLﬁmzé{aqmwﬁqﬁw

v @ v ! [ [l [ @ v

AUABINITNENIUALSEUNTE U I TngAAILRBINITNEIUAUTRUEINNIN

° v v [P v o v o

i luTHlunisesniuuruinvesiaama vl iNeIvlaUSu AU BURIUNABINTT Falu

aw & P v | v |
Q']U')QUULﬂUﬂqiaaﬂLLUULﬂ'\LW@i@Q?UUiNWNﬂ?WN?@UVI 30 kW

Funaud 2 miﬁ'mfammu“su'\mt%’aLwﬁamﬁ’lumsmﬁu
ilonswisrUiunandsuanudeuiideanisululdlunisdudhanduneud 1

annsaruamUBinademdsildlunswsiuieliliuTnamdanuaudeuiivonis 4

suUsllunsiuunySinanstioualsisada Taun Vinunnudeuildlunisdui

° a v o v ' v Vo
Q) TnafmuaUutuA1usauNAeINITERNLUL 30 KW ArA1useuvetavldsaudin
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(LHVpo) Siananudeuinfiu 16,521 kizkg msAuiumiusuiunistesuawlidndinanunse

° ) a @ 1 &
Aunalanaun1si 41 saseludl

UsnunstouasliiBadn (M wood chip) -2
LHV,,
30kw
= 16,521 /kg.
3,600s
Uinumsteuawliidamin (M. wood cip) = 6.54 kg/h

| < v & Y v °
dienswuiinamsteuasliidadialusrezing 1 h @Sadund aunsaiuinm
Ununisteuasliisadindenisldem 1 ase Wenusuianisdeuavliidada (m, )
v S - v v v aw Sa
LAz UNTANYT (tree) BIINAMABINITNTITNUAMRNTuUITe ey

p=1

[ v o q ' & ° ") =4 @
Wa\‘iﬂ'ﬁIUﬂ'ﬁﬂl‘lu"} 90 min #A9A Iﬂﬂﬁ']lniﬂﬂquqm\lﬂﬂqﬂauﬂqiw 42 ﬂ\ﬂﬂa\lﬂu

Yinanstouwavlisaidanend (Mrow) =r Xt
6.54 kg/h x90 min

60 min/h

YSnamsteuawldisndn  (Mrgw) 9.81 kg

YUABUN 3 NSATUIUNITUIAVDA LWL

Wansiudaivsuiundasnuaussunaaanistrluldlunisaudinasusuiunig
Jouwawliigndinialilaaius i ndnua o U unsanIsidn auIsafIuImITuIn
vowipawindldainusnanisteouwavlddadia (m; ) wazarnumuuduavlisada
(Pwood chip) W1 1,201.08 ke/m? Feanunsadnnaliainaunisi 43 sswaluil

iy Total

pAp
9.81 kg

USunavo vzl (Verampe:) =

1,201.08 kg/m>

USRI Venamper) 0.008 m*

PNNANIAUINUTINUVDIBUNINGT (Veramper) Waimualieumnlnlifinniugs
° v ¢ v Y] Y a
0.2 m AM1TOANNIUMVUIAEURUALINA1VB M BUHIINIT (Depampen) WAINAUNTIN 44

famalul
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0.5

[V ¢ v 1 VChamber
s uaugnan e uu il (Danamper) =|—
HChambeer

0.008

= Tt

0.20x—

a

wusiuAuENa1 e uNTIv (Dchamper) = 02%m

Fumaudl 4 nsAulIasUSunaenanlFlunisenlng
SasnsteusmaAnimnsausoruIsueIRo s ez Usinanisteudamaadu

fulsddiisesiansan Wewnmniidasmleuemaiiliminzauetaaeyilifna iy

sendnamsidauld TaslunisAuiamavsunueinieildlunisenlng (v, ) denlddn

. . Y] ° a 4 1Y) t
Equivalence ratio 11y 1 Tun1sauiunmiiunueinianldlunisiwnlng wazdnstdiu

DINARBLTBINGY (A/F) ALAIINNITANUIUINAY 6.09 ke /kere WATAIAMUNUILUUTOY

] a - 5 v . o v 4
DINALNIAY 1.20 kg/m3 Usmmmmﬂ‘mﬂummﬂw (ma") mmsnmmm‘lmmnaumsw
45 fasioludl

_ X 9950 EerhfueLXA/F
Yiunaeniedldlunswnlagd (v,,) = —————
pair
1x8ke/hx6.09kg_; /kee
1 1.20 kg/m>
Gunaenadildlumsenlugd (v, ) = 40.6 m*h

4 P °

YuURBIUN 5 NMFANUIUKIAMUIS ALY N AN e Tura e ludl
o v o ¢ ') v - ¥
dionsruruindueinugudna e sl N (Denamee) WarUTuemanldlunis

v, . a ' P & 4 ) VW
wlng (M) AunzaunasuInraamdinaa lneiui (Area) vawisteuauwiniu 0.00141
o v d L7 1 d”
m? anansasuiiaNIsIanlaanaunsh 46 saselull

m

air

o
AR (vyy)
Area

40.6 m>/h

0.00141 m?x3600 s

AMISIAN (vy,) 8.0 m/s
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= o a tdﬂl a (4 v g a o
UATLBYANTITATUIUNITIULADIN mUﬂﬁi’JLﬁi’]SWﬂﬁiLN']‘lﬂNWE]LWﬁQ‘U’JN’Jﬁ

s 1 &‘ s
1. 9091dUNARDLTDLNEN

° val ¢
?lllﬂ’ﬁﬂ’m’]mﬂ’]SLN’ﬂmWIﬂiJU“im
C+0, —> CO,
H, + O, —> H,O

= pri s & a o
AT NN 27 LQ@UI‘UF}Wﬂ?JUm‘U@QL‘UaLwa\ﬂ‘U']ﬂJ']a

NaN1SUATIZRLUUUSEINY et lng vl wedm
Carbon (kg) 0.4639 0.4937 0.3970
Hydrogen (kg) 0.0605 0.0616 0.0512
Oxygen (ke) 0.4067 0.4105 0.3791

o L 1 ﬂw = 3 o’ d s
. 1.1 pnsmnadasdemeadaamdsdmsumsinivdiauy salvasdedialne

Stoichiometric combustion (C)

C 0O,
12 kg (16x2) = 32 kg
1 kg 2.67 kg

.. C=1kg, using O, = 2.67 kg for combustion to 3.67 kg CO,
Corncob C = 0.4639 x 2.67 = 1.2386 kg
Stoichiometric combustion (H,)
2H, 0,
2 x (1x2) = 4 kg (16x2) = 32 kg
1 ke 8 kg
Corncob H = 0.0605 x 8 = 0.484 kg

Air for combustion

C+H- 02
1.2386 + 0.484 - 0.4067
1.3129 kg

But, in the atmospheric have O, = 23 %

Ans. Using dry air for corncob complete combustion are A/F

o,

12 + 32 = 44 kg

3.67 kg

2H,0
4 + 32 =36 ke
9 ke

= 1.3129/0.23
= 5.71 kg, /kesel
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° o 1 a o o d
1.2 msmwudandiueniadaldamasdmiuntsn lnlinauy salva Ayl

Wood chip C =0.4937 x 2.67 = 1.3182 kg
H=10.0616 x 8 = 0.4928 kg
Air for combustion = C+H-0,
= 1.3182 + 0.4928 - 0.4105
= 1.4005 kg

But, in the atmospheric have O, = 23 wt%
Ans. Using dry air for wood chip complete combustion are A/F = 1.4005/0.23
= 6.09 kgail’/kgfuel

° o 1 a o o d
1.3 msmuudasTdienAdaldamasdmiunswn lnlinauy salvasiedn

Rice straw C = 0.3970 x 2.67 = 1.06 kg
H=0.0512 x 8 = 0.4096 kg
Air for combustion = C+H-0,

1.06 + 0.4096 - 0.3791
1.0905 kg

But, in the atmospheric have O, = 23 wt%
Ans. Using dry air for rice straw complete combustion are A/F = 1.0905/0.23
=474 kgair/kgfuel

2. NIAUAANIAUATNANIUVBUM TIIAYTTANTAINGS

A19199 28 ReUluMIAMUININATDITX UL TN USEANEA MG

AANYNE iy Apaii
BRI IUANYA - 1.20
Sasmstieudomnas ke/h 3
nanluMINaaau h 1.5
Sasimstiousadainacdidralnm ki KSruel 5.71

Q/ J A‘ - v
dnsnstounaoindemeld KSair/KSruel 6.09
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snsnstousaamdmedn kgai/KSfuel 4.74

F it detlne kg 0.873
Fahmindduelsl kg 1.115
Fafmindidmnadnn kg 1.7325

Y ' o a P Yo v o
ﬁnﬁEﬂ\inqiﬂ'\u’?mﬂ'li')l.ﬂi'\::’»ﬂﬂﬂu?ﬁ Lua‘lﬁ%\’?ﬂ'ﬂv‘ﬂﬂﬂLUQ

NEIIGRIER 3kg/h x 1.5h = 4.5 kg
1.20 x 3 kg/h x 5.71 kg, /kge

Usunaenne = 17.13 kg

1.20 ke/m?
Frfunavidhsm 45 + 1713 = 21.63 kg
Tevaitia 0.873 ke
nawdanans 20.757 kg
NIRRT AYBILATHARN T
nnswnlniilidauysalaziin CO
2C + O, = 2CO
st lnietvauysalazlalin CO, H,0 N, O;
C+0,=C0O,;
2H, + O, = H,0
drulseneuamiAlagiig Useneaume O, = 23.20% Waz N, = 76.80%
AUN13 FUNTIAUIUNIUIAYBIDINTA
1kg C + 1.33 kg O, + 4.43 kg N, = 2.33 kg CO +4.43 kg N,
1kg C + 2.66 kg O, + 8.84 kg N, = 3.66 kg CO, +8.84 kg N,

1kg Hz + 8 kg Oz+ 26.50 kg NZ =9 kg Hzo + 26.50 kg N2
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o [ o a o ¢ o v o =
A4 29 mimmmauqaimamaﬂmLLnaNamnmm dsldgatninnsan

¥ . ¥ . ans product of combustion kg/kg fuel
UIDATTOINGAL (%)  wIdANILTINAS (kg)

g
WL co co, H,0 N,

0.0€€ZE981

0.4539x2.33  0.4539x3.66

45.39 0.4539 C =1.058 =1.661
0.0605x9
6.05 0.0605 H, =0.545
17.13x0.768
0.50 0.005 N, =13.156

¢y tbes / 6T:0€:TT coszsoLz tadex / stsewa scotoestes stesust acw [[I1I 1IN

", UNAT8499NTAUINDINA 20.757 - 1.058 + 1.661 + 0.5451 + 3.156

4.339 kg

| ° P~ a a
M19199 30 ﬁjﬂwaﬂ’]’iﬂ'l‘u’Jmﬁuﬂauﬁa‘uaﬁzuuLGI’]‘U’JIJ’Ja‘lJiSﬂVIﬁﬂ’]WQQ

wan (kg) w899n (kg
nsLLa USuau % NSLLa USuneu %
aunauIadetlne
\Woumas a5 21 i 0.873 4.04
271N"A 17.13 79 Cco 1.058 4.68
o, 1.661 7.68
H,O 0.545 252
N, 13.156 60.82
0, 4.339 20.06
U 21.63 100 U 21.63 100
aunauaiAwll

Touwda a5 20 i 1.115 4.90
21N7A 18.27 80 co 1.150 5.05
o, 1.807 7.97
H,0 0.554 2.43
N, 14,031 61.62
0, 4112 18.06

E! 22.77 100 ety 22.77 100
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aunaNIaNIYN

Jonds 45 24.04 it 1.7325 9.25
o 14.22 7596 co 0.925 4.94
o, 145 7.75

H,0 0.461 2.46

N, 10.92 58.33

0, 3.234 17.27

oy 18.72 100 s 18.72 100

2.2 MIANABWANUTZUULATINIAUTSENTAINGY

s A 1 %4 1 ' s s A o A
IﬂUWE‘]\N’\‘U'V]L‘U'\QSS‘UU"QSL‘VI'\ﬂ‘U'WﬂQ\ﬂLIVI'a@ﬂQWﬂ'iS‘U‘U Tnendaufiesnainszuy

[ % v a o € [ v o a 1 1 4 3
Usznausnganuseuimhusslovl winuanufeunayideeanainsyuulugusn q laun

msgeyderituntiin waznmsagideluiuuialeds
Qin=Qout
Qin= Miyet x LHY

Qout i Qu+Qloss

A15199 31 WeulunsAnnumdUrITTUUMTBIaUTEANTN NG

ANANYNY mhy Amail
Vhnudawdadhszuy kg 4.5
AMAN DUV WA MJ/kg 14.74
ArNMusouvaewll MJ/kg 16.52
AAIUS DUV MJ/kg 15.01
Sasnsteusodond el ki KSfuet 6.09
snmmstousedondminen ki KSuel 4.74

FRDENINIFAUINENAINTINUTFUUMNTINAUTEENEMIGS
waammnduilelididrinedadia anaunisit 37

Qn = Meget X LHY

Qi = 4.5 kg x 13.49 MJ/kg

Qin

60.71 MJ
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Al
fauus Wi
ntlsaneniu NUAAIALTN NUARAIUANY
€ - 0.8 0.8 0.8
a m’ 0.638 1.1 0.183
Faglnadnidin

Tw °C 101.9 110 206.7
Ta I 28.5 28.5 28.5

wwlaidauia
Tw °c 118.9 113.9 2138
Ta °c 34.3 34.3 34.3

vhadmdauin
Tw °c 124.1 77 212
Ta % 30.1 : 30.1 30.1

" a £ 1o ada o 2 o A v Y o o o a
M“’]UL“G]: ANEUU TEEANINITUNSIEANRINUY qaﬂlﬁ]’]vmﬂ’]ﬂ“ﬁaHQQLaaﬂI‘Uﬁ'\“iUNUQV\LUuauu =0.8

1

Qs ' 124

ghatensdunIsgdenlnuSauluN TN
1. nsgeyidemnuseuniivaaniu

nsgedulaunisuesed NAUNIA 39
Tt YAy
q=48791€ (=) -(=
{ 100 100
1019\* 285\
q=48791x08 " {—}) -|—
i 100 100
q, = 449.12 kcal/m?hr
N5y AElAENINIAN U BUN TN NauNsT 40
1.25
q. =27995 " (T,,T,)

q, = 2.7995 * (101.9-28.5)
qc = 601.45 kcal/m?hr

1.25

N duANTaUTININNTIM NEIMsH 43
Qg = as- (G + Gy
Q,; = 0.638 - (449.12 + 601.45)
Q,; = 670.26 kcal/hr
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2. Msgaydanuiouniaunicmudig

=l T ]
nsgedelaunsui$ad anaunisin 39
.\ /)
q=48791€ (=) -{=
r 100 100
10\*  f285)*
q=48791x08 " 1{—]) -\—
r 100 100
q, = 518.03 kcal/m?hr
nsgaydelaeniswimnudeuriuntain naunsi 41
1.25
q, = 21995 * (T,,T,)

q, = 2.1995 * (110-28.5)
qc = 538.61 kcal/m?hr

1.25

N3O ANAIINTOUTININATIIA MNAUNIST 43
Qs; = as- (Ors + qcs)
Qs = 1.1-(518.03 + 538.61)
Qs; = 1162.30 kcal/hr -

3. MygduANMUSoUNTAAIIIUER

nsgeydelagnisued PNAUMSH 39
.\ 1\’
q=48791€-{(=) -[=
r 100 100
206\* (2857
q=048791x08 (=) -(=
f 100 100
g, = 1,746.26 kcal/m?hr
msgadelasmsmaudeusisifam anaunsi 40
1.25
q, = 14997 - (T,,T,)

q, = 1.4997 * (206.7-28.5)
qc = 976.43 kcal/m?hr

1.25

nMsgaydumuiousanuiaen 3naunsa 43
Qs = & (qps + qes)
Qs = 0.183 - (1,746.26 + 976.43)
Q,; = 498.25 kcal/hr

o v @ o
ﬂﬁquﬁUﬂ’ﬂﬂJﬁNi')u’Mﬂ WU INFUNTITN 44

QWS = Qsl + Q52+ Qs3

140
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Qus = 670.26 + 1,162.30 + 498.25
Qus = 2,330.82 kcal/hr w3awinfiu 9.76 MJ

audouimirlulduselewy Q)
sl demdsandsdnlng Q, = 23.11 MJ
ﬁaﬁunwsqmﬁalﬂﬁ'uuﬁalaL?l'ﬂ (Qe)

Qin = Qout

Qout = Qu+ Qus+ Qe
ilo Qn = 60.71 MJagldl 6071 =23.11+9.76 + Q;
oty Q  =27.84 MJ

ol ° a ) a a
M99 33 ﬂ?LJNaﬂqiﬂqu?mwa\i\ﬂu‘ﬂqﬂﬂﬂi’dUULﬂqﬂqﬁJ')aﬂiﬁaV‘ﬁﬂWWEﬂﬂ

naaudh % witnueen %
Fednlnadnuin
Q,: 60.71 MJ 100 Qu: 23.11 MJ 38,07
Qus: 9.76 MJ 16.08
Qg 27.84 M) 45.85
wiwlsdonudin
Qn: 74.34 M) 100 Qu: 26.44 M) 35.56
Quwe 10.46 M) 14.07
Qg 37.45 M) 50.37
vhetdadie
Qi 67.55 M) 100 Qu: 21.47 MJ 31.78
Qus: 8.50 MJ 12.58
Qe 37.58 MJ 55.64

s':ﬂazLSﬂmmsﬁhu'scums'dszLﬁuausmuzwaum%maﬂszawﬁqua

o ) [ P Vo v @ ]
AIBYINNITATUIEULLD L_‘ﬂﬂj\‘lﬂ'] JLWG\ DALUA

WAty (my,y) =Tkg
Watgaviny = 1.179 kg

wasume (My2) = 5.821 kg
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Ammfausunzenh (Cow) = 4.186 kJ/kg:K
ﬂ'wmwu%’auttﬂamaanwsizl,waﬁ"l (heg)  =2,257 ki/kg
qquﬁﬁm‘éuﬁu (T =22.1°C
gnuugiiudien (T,,,) = 99.5 °C
natluNsvadsy =90 min , 5400 s

a I a e [y ¢
widsuamnussumitlulduse o

QU . [mwlcpw (wa'Twi)] + [mwz hfg]
Q,=[7x4.186(99.5-22.1) ] +[5.821x2,257]
Qu = 15,405.97 kJ

Usglivinmanuiauveani@ina (My,)

Qu

l’]th = x100

Fuel

QFuel = Meyel X I-Hvbiomass
QFuel =3x 13,490

Qryel = 40,470 kJ
oy & 15,405.97

ANUU = x100
th 40,470

Nen = 38.07%

Uszdndamsn (1N,

Qy
N, = x100
a QFuel X QE
QFue[ = 40,470 k_J
Qe = 3600 x Pe
Pe = 0.234 kW
wld Qe = 3600 x 0.234 kW
Qe = 842.4 kJ
v & 15,405.97
AanU n, = ——x100

al  40,470+842.6

N, = 37.29%
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s av <& &‘ a0
NINTINTAULUBBUTDLWAIN WY (SFC)

SFC = —2t
Q
3
SFC = ——
3.2636

SFC = 0.92 kg/kwh

WIBRTINTSAUUADINSIUINNIE (SEC)

MegelLHY
SEC = ——
Qu
3 x 13,490
SEC = ——
2.8529

SEC = 14.19 MJ/kwh

d ° P a a
AN3199 34 AJUNANIIATINANTINUEUBUATINAUITEAVENINGS
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wdnausevsnngs

AfENYY :

i Fadlnn L e vt
Sasnsauldnatandsme (ke/kwWh) 0.92 1.05 1.13
SasmsauUFomEnus g (MI/KWh) 14.19 15.19 16.99
Usinaumnufouitlduslond (W) 2.85 3.26 2.65
Usinmanufeunnnidomnas (MJ) 40.47 49.56 45.03
UszAndnmnanusou (%) 38.07 35.56 31.78

| = = a0 e llﬂ’l’ a W v
A13197 35 asunanisvedeugauiiinndunaussansaingalasldiomasdainilng

a1

Corn Cob pellet

(W#) Feed rate 3 kg/h Feed rate 5 kg/h Feed rate 7.5 kg/h SA 10% SA 20%
0 221 26.6 19.2 255 234
5 55.5 64.9 98.1 741 61.7
10 80 98.9 98 98.7 80.5
15 98.8 99.3 98 99 98.4
20 98.6 99.2 98.2 98.9 98.8
25 99.1 99.4 98.1 99 98.7
30 99 99.5 98.1 99.3 98.8
35 98.9 99.5 98.2 99.2 99
40 99.2 99.7 98.6 99.2 99
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45 99.5 99.3 98.6 99.3 98.9
50 99.5 99.4 98.6 99.2 98.8
55 99.1 99.6 98.8 99.4 98.7
60 99.1 99.5 98.2 99.5 98.7
65 99 99.9 100.4 99.4 98.8
70 99.1 99.8 99.7 99.5 99.3
75 99 99.5 99.9 99.6 99.1
80 98.6 99.7 100.6 99.4 99.2
85 98.9 99.8 100.2 99.5 99.4
90 98 99.9 99.9 99.5 99.3

vanuvn: Anadgumailagyhniavaass 3 Frnsaane

mfl 36 Hamsvaaaugamgiioninnalszavinmglnsldideinaaaslsl

8 Wood chips pellet
(ud) Feed rate 3 kg/h Feed rate 5 kg/h Feed rate 7.5 kg/h SA 10% SA 20%
0 23.3 21.1 236 254 18.2
5 48.4 803 88.8 44 5.7
10 64.7 102.2 102.5 58.1 84.7
15 87.7 101.5 1024 77.4 98.7
20 90 101.4 102.5 89.2 98.7
25 99.4 101.4 102.3 98.5 98.6
30 101.2 101.4 101.7 98.6 98.8
35 101.1 102.3 101.5 98.5 98.7
40 99 99.9 101.4 95.6 98.3
a5 98.39 99.6 101.3 98.8 98.6
50 98.87 99.4 101.5 98.8 98.8
55 100.5 101.6 100.6 98.7 98.8
60 100.1 102.9 100.4 98.7 98.6
65 99.6 102.9 100.5 98.7 98.6
70 99 103.3 99.9 98.8 98.5
75 99.2 1029 99.9 98.8 98.8
80 99.5 103 99.9 98.6 98.7
85 99.6 102.6 99.8 98.5 98.8
90 99.8 102.5 100.2 98.4 98.7

winewn: Aefegumgilaeyiin1iveane 3 $IN1IMAADY
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o a = a a v & a 1%
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an Rice straw pellet
(und) Feed rate 3 kg/h Feed rate 5 keg/h Feed rate 7.5 kg/h SA 10% SA 20%
0 217 31.2 252 242 26.5
5 429 56.4 56.2 57.3 55.6
10 63 759 778 69.1 721
15 729 89.9 90.1 81.3 822
20 84.63 97.6 93.7 91.2 90.3
25 94.1 97.5 96.3 98.3 98.8
30 95.3 98 98.9 98.5 98.8
35 96.4 98.6 98.8 98.1 98.7
40 96.7 98.7 99.2 98.2 98.5
45 974 98.8 99.3 98.2 98.6
50 98 98.8 99.5 98.4 98.6
55 98 98 99.5 98 98.6
60 97.8 978 99.3 98.1 98.7
65 97.6 97.9 995.4 98 98.8
70 97.4 97.8 98.8 97.9 98.9
75 97.2 98.8 98.7 97.7 98.9
80 975 98.7 99.1 97.8 98.9
85 98 98.8 99 98.5 98.6
90 98 98.5 98.8 98 98.5

wnewe: Adeguvniilagynnvaaes 3 9IN1VAADY

FILATATUINUNTITIATIZANNLATYFAIEA N ING 9

M13147 38 Reulvnisiwiniasegmansvaamunaiolduiayi

Al i wilavasy
Vnansliidomas kg/h 13
srogaluns it h/round 1.5
seezluMs Lt round/d 3
srazlmluns g dly 365
s Foundsiana baht/kg 21.2
fuvUM KGRI SoU kWh/round 25.242

wnewme: simufianesudsas 318 um (15 nn.) Ednnuuleuisuasuiuntam, 2563)
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(=3 d o
dununindaruTaule lduiayedu (baht/y)

Vuansddemasiosey 1.3 ke/h x 1.5 h = 1.95 ke/round

146

Vnansldifomadmed 1,95 kg/round x 3 round/d x 365 dfy = 2,135.25 kgly

suvumsHananuieusiel 213525 kg/y x 21.2 baht/kg = 45,267.3 baht/y

o = ° I's = d gy X a v d
A1919% 39 Nau\l‘uﬂﬁmu’lmmiwgmam‘umLm‘d’nnama'(‘m‘damadE)ﬂl.llﬂ

Aldane mie Failne el Y NTRe!
Ruamuadiunung baht 35,500 35,500 35,500
218NN year 10 10 10
Vnansléidamas kg/h 3 3 3
seozalunisltau h/round 1.5 15 15
syazalumslgnu round/d 3 3 3

goghanlunslganu dly 365 365 365
damadauna baht/kg 3.1 3.2 3.5
Ysunaumslainh kWh/round 0.351 0.351 0.351
Ysuraunslalnin EGAR 10% kwWh/round 0.576 0.576 0.576
F9A1A AT baht/kWh 4.4217 4.4217 4.4217
AYBNUIISNY baht/y 1,000 1,000 1,000
aenidy % 5.375 5.375 5.375

wnewe: S iniviaeay 4.4217 um (NsWRuATmads, 2563)

dnswenlulufuuuiiszuziig 5.375% Guimingilve, 2563)

fagram Al lddidininadadia

a a a & a o
Uszdiusiuyunisnannluiouiie [ilyamadiuia (baht/kg)

COStFuelmeuel
scC = ———/—™—
Qy
3.1x3
SCC =
2.853

SCC = 2.52 baht/kg
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auvunsTdini (baht/y)

USuaunislalndseseu 0.351 kWh/round
Usunaunslglninet 0351 kWh/round x 3 round/d x 365 d/y = 384 kWh/y
suvunslalniisied 384 kWh/y x 4.4217 baht/kWh = 1,697.93 baht/y

v

upunskananuiawilalfitomadauan (bahtsy)
Uinansldiemdedesey 3 ke/h x 1.5 h = 4.5 kg/round
UsinansWidemaased 4.5 kg/round x 3 round/d x 365 d/y = 4,927.50 kg/y
AununIsHannNTeusial  4,927.50 kely x 3.1 baht/kg = 15,275.25 baht/y
AuYuNISHER (baht/y)
AuUnUNISHERRDY 1,697.93 baht/y + 15,275.25 baht/y = 16,973.18 baht/y
naussven

AUNUNITHAALAVION - SUVUNSRENMITINIG

45,267.3 baht/y - 16,973.18 baht/y = 28,294.12 baht/y

n1sUsEliuALANANATEFATER S YR LA T U TEANEA NG

A131991 40 NsUsEluAMUANATAATYEAMaRTaaaTiia el ddetalng

¥ Ruawu Rugvid ER 1.20 Wugvd EGRA 10%
0 35,500.00 -35,500.00 -35,500.00
1 28,294.12 27,203.20
2 28,294.12 27,203.20
3 28,294.12 27,203.20
4 28,294.12 27,203.20
5 28,294.12 27,203.20
NPV (baht) 85,739.23 81,064.68
IRR (%) 74.82% 71.46%
PB (y) 1.25 1.30

VUNBLYAR: nonlly 5.375%
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A157199 41 n1sUsEIuAINY F‘]Nﬂ'\ﬂqﬁl‘ﬂiwﬁﬂqﬂﬂi‘uaﬁ LHPIUIR LN@I‘UL?‘U\LN

Y Ruawu Wuavs ER 1.20 Ruavs EGRA 10%
0 35,500.00 -35,500.00 -35,500.00
1 27,801.37 26,710.45
2 27,801.37 26,710.45
3 27,801.37 26,710.45
4 27,801.37 26,710.45
5 27,801.37 26,710.45
NPV (baht) 83,627.81 78,953.26
IR (%) 73.30% 69.93%
PB (y) 1.28 1.33

=) a v « a d gy v
AT NN 42 ﬂqiﬂizLNUﬂ'}']ﬁJﬂllﬂ']‘Vl’NLﬂiwﬁﬂqaﬂi'ﬂaQLﬂqﬁquqa Lllal‘ljw']\'i‘?n'.]

Y Ruaanu Rugvd ER 1.20 RJuand EGRA 10%
0 35,500.00 -35,500.00 -35,500.00
1 26,323.12 25,232.20
2 26,323.12 25,232.20
3 26,323.12 25,232.20
4 26,323.12 25,232.20
5 26,323.12 25,232.20
NPV (baht) 77,293.57 72,619.02
IRR (%) 68.73% 65.32%
PB (y) 1.35 1.61

wunewmn: aenily 5.375%
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Abstract

The objective of this research 1o study the performance of high efficiency biomass stoves. The continuous
fuel pellat feeding at a constant feed rate of 3 kg/h with using corn cob pellets as fuel. The high efficiency biornass
stoves have two main components include the housing stove and feeding peltet set. The air input to combustion with
blawer and adjust equivalence ratia of D75, 1, and 1.20. The result was found thal, the adiusting eguivalence ratio
{ER} at 1.20 was obtained higher thermat efficency of 33.77%. Increasing of equivalence ratio increased the high
performance of biomass stoves. Begide;, the adjusting ER at 1.20 was lower the specific fuel consumgtion and energy
corsumption wera of 0.38 kg/XWh and 5.33 iMJ/KWh, respectively, The heat cost production of high efficiency biomass
stoves was about of 1.71 Saht/kWh. Summary of Tesearch, the high efficiency biomass stoves have the potential to

be used in the commurity and should be promoted to continue operation,

Keywords: High biomass stove, Corn crop, Pellet fuel, equivalence ratio
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2 Faculty of Engineering and

ABSTRACT: The aims of this study were to find and compare the
performance of biomass stoves with using air forced draught and natural
draught with operate on com cob pellets fuel. The most natural draught
biomass stoves were used in Thailand local areas, and forced draught was
the new biomass stoves design. The experiment was focused on the
analysis of all performance including fuel and energy consumption, thermal
efficiency and heat cost production The result was found that, adjusting
air-fuel ratio at 4.76 kgukgha, was obtained jower specific fuel and
energy consumption which more than natural draught biomass stoves were
of 65.14% and 68.52%, respectively. The thenmal efliciency of forced
draught biomass stoves was higher than of 37.01% and hot water
temperature on boiling test in o range of 90-88'C. The heat cost production
of natural draught biomass stove was obtained of 3.39 Baht/kWhyg, while
the forced draught was achieved of 1.71 BahtkWha,. Finally, the forced

Agro-industry, Macjo University,
Chiang Mai 50290, Thailand.

1. INTRODUCTION

At present. Thailand is facing high energy import
problems which the energy was increasing along
economic growth by 7.8% from in 2017]1[ and trend to
continue. Currently, energy is one of most sensitive
issues in Thailand, where almost 50% of the total
commercial energy supply was imported [2].
Consequently, the population has suffered a rising cost of
living. Especially liquefied pewrolewn gas (LPG) and
fuel cal.

Thailand 1s an agricultural country with around
34% of the houscholds throughoeut the country working
in agriculture and 93% of them located in rural areas.
The two major activities in the agriculture area are the
cultivation of crops (54%) and integrated crop-livestock
farming (35%) [2]. Fortunately, Thailand has more
agricultural waste and government was promoted
application about biomass energy which the
development of high efficiency biomass stoves is a
necessity. Previously, the most biomass stove use natural
draught air input which that call natural draught biomass
stove (NDBS) while new biomass stove was used forced
draught air input and that was more than complcte
combustion is forced draught biomass stoves (FDBS).
With higher biomass fuel technology, the pellet fuel
began fo be used up.

Therefore, the objective of this research found out
compare performance of biomass stoves with using air
forced draught and natural draught with operate on con
cob pellets fuel. The benefits are based on the
development of biomass and biomass fuels.

draught biomass stoves are suitable for promote 1o the community.
Keyword: Forced Draft, Biomass stove, Pellet fuel, Air—fuel ratio

2. MATERIALS AND METHHODS

2.1 Biomass stove conversional and high efficiency

The both biomass stove in experiment was used 10-
15 kW, direct combustion and designed for use in
biomass applications
2.1.1 Natural draught biomass stoves (NDBS)

The NDBS for use in experiment set up was
demonstrated in Fig. 1(a). The NIDBS was used principle
of natural draft for air feeding. The combustion of }WDBS
was used combine direction combustion and gasification
system which feeding of fuel on the top of stoves, pellet
was burned in combustor. The bottom of that was
removed the ash and the air feed in bottom to the top.
2.1.2 Forced druught biomuss stoves (FDBS)

FIDBS on fest operation process shown in Fig. 1(b).
The FIDBS was used under foreed draft for air fecding by
blower 0.5 HP, and air feeding was side of stoves pass
through holes of stoves wall for 90 holes, The diameter
of holes was S mm, continuous feeding pellet fuel and
use the gasification and direct combustion system. Pellet
feeding on the top in to the combuster with using screw.
The power input screw feeding was operated on electric
motors and gear reducer with the inverter control.
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Fig.1 the NDBS {a) and the FDBS (b)

2.1.3 The biomass pellets

This research used com cobs pellet operate to fuel
testing which that was agricultural waste in the North of
I'hailand, The density, diameter, length and moisture of
corn cob were of 1,317 kg/m®, 8 mm, 35-38 mm and 8-
12%, respectively. The chemical properties of corn cob
show in Table 1.

Table 1 The chemical propertics of com cob pellets
Comn ¢ob propertics

Proximate analysis Ultimate analysis
(Mowt)) {%owt.)

Muisture 11.82 C 4212
Ash 5.62 H 6.52
Volatile 69.74 N 045

Fix carbon 12.81 O 45.11
IHHV (AIXe) 13.99 8 0.01

Bulk density 1317 kg'm?

2.1.4 Equipments

In the experimental was used measaring instrument
including, the infrared thermometer of CENTER
(CENTER 350) can be measuring between- 20-300°C,
Data logger of LUNRON (TM-94788DD) connect to
Thermocouple measuring between 100-1,700°C,
Thermocouple of SPL (B-105) Type K can use high
temperature 400°C, and digital balance of DIGI (13-
671) can be measuring between 0.2-30 3g

2.1.5 Experimental procedure

The experiment was use consfant A of .76
k'Kt The testing of stoves efficiency was used
watcr boiling test, next to write down every 5 min for
30 min of testing, and repeat all 3 tests. Finally, brining
information for calculation about specific fuel
consumption analysis, specific encrgy consumption,
thenmal efficiency, hot water temperature and heat cost
production. The all equation for determine can caleulated
the following {1)43).

Thermal cfficicncy (n) was thermal energy that
used hoiling testing per thermat encrgy that used fucl
combustion [2]. It could calculate from Eq. {1-3)

QU
Tp = ~100 M
t QFusl

When 14 1 thermal effidency (%), Qu is the heat
energy transferred for use (X3, Qpuer is the heat energy
transferred for fuel (k).

ol

The heat ¢nergy transferred for use warm and
evaporate water with Fq. (2)

Qu =M iCpu{Ts =T )} l"‘w:hﬁ; I @

When my.; is mass of Tnitial water (kg), mu: is mass
of evaporate water { kg), Cpw is Specific Heat of water
4.186 (k3 kg'C), by, is latent heat of evaporation 2,257
kJ kg Tw, is The temperature of boiling water (C) and
Tuwi is the temperature of Initial water ('C).

‘The heat encrgy transferred for corn cob peliets fuel
Eq. (3}

QFnel = Mpgg X THV ons (&3}

When #ig, is mass of fuel (kg) and HH Vi, is
high heating value for biemass fuel (K3hg).

Specific fuel consumption (SIC) was using ratio of
fucls {or evaporation {4}, It was followed Eq. (4).

SF(Z’:E%—'-'- “

Specific energy consumption (SET) was energy
ratio for evaporation per evaporated water amount. It was
feltowed Fq. (5).
iy IV

Qy

SEC (&)}

3. RESULT AND DISCUSSION

3.1 Specific fucl consumption

Fig. 3 showed the specific fuel consumption of
NDBS and FDBS. {t was found that, the operation FDDS
wag fow specific Tuel consumption than NDBS,

Bppeeifie ¥l Comsmmpticn (kg AW by

ravghl bwac
e

Trpe blemare seves

Fig.3 the specific fuel consnption

Due to, increasing of air amount was leaded to
complete combustion and fow consumiption {5, 6. The
speeific fuel consumption of FDBS low than 65.14%
with adjusting A'F of 4.76 kgkane The specific fuel
consumption of NDBS and FDBS were of 1.09 and 0.38
Kg'kWh, respectively,

3.2 Specific energy consumption

Fig. 4 showed specific energy consumption of both
biomass stove with using pellet fuel. The specific energy
consumption of FDBS was obtained low than NDBS.
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However, when compare the LPG stove, The FDBS was
high specific energy consumption were compared [6).
The Specific fuel consumption of NDBS and FDBS were
16.93 and 5.33 MLEAWHh, respectively.

Specilic Energy Comsomption (MIAWh}
-
2

o

Natorsl dranght hiomaw  Forced draught blamase
loves sloves

T3pr blomass stoves

Tig. 4 specitic fuel consumption

3.3 Analysis of hot water temperature

The analysis of hot water temperature in the boiling
test shown in Fig, 5. The temperature of both biomasy
stove was similar, but during time of boil was difference.
The FDBS was used short time than NDBS, Due to
FDBS was obtained high cfficiency combustion than
NDBS [7]. The temperature of both biomass stove was
in 4 range 0§ 98-99.5°C

—e—Natural draught blomass stoves

Water Temperature (a()
o
3

20
—s— Forced draught blomass stoves
0 BT . ..o A A W L
o 5 10 15 0 15 30 35
Time {mlo}

‘Fig. 5 hot water {cxnf)i:ralurc' .

3.4 thermal effidency

The thermal efficiency of both biomass stove was
expressed in Fig. 6. The operating of FDBS was obtained
high thermal efficicncy than NDBS due to completely
combustion in the process. The highest thermal
cliciency of FDBS was achicved of 33.77%. While
NDBS was obtained 21 .27%. However, comparing with
I.PG stoves founded that, the both biomass stove was
low thermal eHficiency than LG stoves {8]. becanse the
combustion process in gas mode.

3.5 Heat cost prodnction

Fig. 7 shown the heat cost production of NDBS and
FDBS with operate on corn pellet fuel at optimum
operation condition. The FIDBS was oblained low heat
cost production than NDBS. The heat cost production of
NDBS and FDBS were 3.39 and 1.71 Baht/'kWh,
respectively. When compare with heat cost produetion of

LPG stoves was 2.88 BahtkWh [6], which FDBS had
lower heat cost production. Therefore, the use of FDBS
was approprialed with corn pellet fuel und should be
promote to community in Thailand.

3377

L]

[

Thermal Efficlency (%)
e w 3 & 36

ural draopbt blomas  Forced draught biomass
stoves sovey

Nat

Type blomass staves

hg 6 thermal ellicicncy

339

Speclfic Cast Consumption (BabtLWh)
.
2y

Natural draught blomass Foreed draoght blomass
stoves stoves

Iy pe blumass stuves
Fig. 7 Heat cost production

4. CONCLUSIONS

Performance of NIDBS and FDBS founded clTect of
foreed draught could use pellets was well on bath high
efticiency biomass stove. It had inerease thermal
cfticicncy 37.01% at 4. 76kg.irkgne of air-fucl ratio.
Suitably changing of air feed cause of performance for
ctliciency biomass stove was higher. Specific fuel and
energy consumption were 63.14% and 68.52%,
respectively. llowever, low heat cost production was
1.71 Baht/kWh. Increasing of air forced draught let
higher efficicncy and should be promote to use in
community.
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