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Abstract

Study of a biomass feedstock production plant for rural communities are composed of 1)
investigating important engineering parameters and behaviors of biomass size reduction and drying
processes, 2) developing a biomass fuel feedstock pilot plant including biomass cutting/chipping,
separating and drying processes in which a 3-ton/day of biomass fuel is demanded by a 100 kW
biomass gasification power plant, 3) analyzing the cost of biomass feedstock preparation for the
biomass gasification power plant. The stady showed that — Size reduction machine can produce
cassava rhizome and Giant Leucaena chips with the rates of 1.59 ton/hr and 1.23-1.82 ton/hr,
respectively. The production cost was around 120-166 Baht/ton. — Separation and cleaning machine
had a capability of producing 3 tor/hr and the production cost of 36 Baht/ton was found. — Dryer, a
small rotary dryer was tested by using hot air temperature in the range of 100-130° C. The result
showed that it spent 2.5-4.5 lus reducing moisture content to 15% for both cassava rhizome and
Giant Leucaena chips. However, if this type of dryer was scaled up in order to meet the demand of
the gasification power plant, the investment cost would be unaffordabie. The solving approach of
this problem is the use of bin dryers which can decrease drying time to 2-5 hours if drying
temperatures about 125-135 “Care procured. The capability of this dryer was found to be 130 kg/hr
or 3,120 kg/day which is adequate to the demand of the 100 kW biomass gasification power plant.

The production cost was about 122-130 Baht/ton.

The study of waste heat utilization form an engine-generator set used as a heat source for
biomass drying included the following procedures; 1) investigate the efficiency of the combined-
heat and power system from producer gas in order to know how much the heat amount can be
recovered for biomass drying. 2) Study the biomass drying using such waste heat. The results
indicated that the utilizing the waste heat was capable of increasing drying efficiency up to 39.74%
which accounts for 18.28%. With respect to overview, drying time of required moisture content is
dependent on the initial moisture content of biomass. The specific energy consumption (SEC) of

Giant Leucaena and cassava rhizome was found in the range of 3.7-3.97 MJ/kg_ _ and the total
2

efficiency showed values between 63.36-67.94% or 66.3% in average. The evaluation of combined
heat and power showed the condition of 80 kW is the most suitable for use because of low energy

consumption in which 1.34 kg of biomass (15%MC) can generate one electrical unit (kWh).




Additionally, biomass-to-electricity conversion efficiency (7] ) and producer gas-to-

electrical
electricity conversion efficiency (nminc ), which was 17.31% and 21.46%, respectively, are higher
than those of any other conditions. When both efficiency from waste heat recovery and charcoal-

possessing energy were taken into account, the overall efficiency (1], ) was increased up to

46.45%
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(Reactor Efficiency) Use @S 1WanIn1s HARLA T (Gasification Efficiency) UseaANsn N
voan13Wan 191 (Blectrical Efficiency) UszAmIaiwvounioseudndn v (Bngine -
v
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Electricity Power
I Gas Flewraty
HHAV of Biomass . a5 Flewrate Output (KW)
( MIks) (m3itr) .
JR— . i Engine -generator Set
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Bioimass Calorific Value

Consumption of Producer gas
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i:} Energy Output (Procuect)
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1) dsgininmuounimdauladuIa (Reactor Efficiency)
=] a ar { 1
wansliifudennumuselumswdousdndsnunrzavogin
&) a A [~ [ = [ o ar e =< o & ¥
weamasrwa Wiuusad e lunszuiunsudadilingy tazdifinandmdarunien
ko = a 2 4 & o ¥ o st
anuiauidinunasiueu sullunanaso1d By-product) voInITVIUNIT TABTTTNS

MUIUAIAUNIT (2-15)

Reactor Efficiency (7], )= [Rate of energy carried by producer gas and charcoal]/[Rate
of energy supplied to reactor]
Reactor Efficiency (7],,,,)= [(V, x HHV )+ (m_, x HHV_ V[m, x HHV,, ]  (2-15)
2) Ysg@nEn NN 1SHAAUNEEIIA (Gasification Efficiency)
Voo o w = ' 4
ueasliiHud e lunn/fsuglndsnuiaz auegluiye
o e I~ o oo o o & anct o [ =
wBeF e lhihudadua Tasnszurunmsudadilinguy Tael3smssunadaaumsi
(2-16)

Gasification Efficiency (7], z.m.) = [Rate of energy carried by producer gas)/[Rate of
energy supplied to reactor]
Gasification Efficiency (ﬂgw?mﬁon) = [Vg X HHVg]/ [m,;, x HHV ] (2-16)
3) Usz@nEnmnisndn 1W#h (Blectrical Efficiency)
waaslfifmudeanuaselunsalfsuglwdtnuiazauegdly
rg = ar 4 ar cé <3 &= ar 1 4
Womdaduna lifluwdsan Wi Taalfinsessuaduminely Fulsedniamaana iz
§ 1 G = . =Y o o dsl’ = o ey .d'i < gs
vusgAulsedninmmmsrdaunaiuravesFanas uazdssansnmuouas osouddual

. d o Qr L= =¥~ o ar i
meluFautludumdania Wi TaeliFsmemuindsaunmsi 217

Electrical Efficiency (7],,..,...) = [Energy equivalent of electrical power}/[Rate of
energy supplied to reactor]

Electrical Efficiency (7], ..0 = [3.6xP)[m, x HHV, ] (2-17

bio
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4) UseEnInnvounIod Ejuﬁ'{ N “M“ﬂ’i (Engine-generator Efficiency)

uaaslifiiudnuansalunisalfongindsnuiiazaveglunfatwiaiingaldldily

wasan nih Taenlfsugnandaanuaiidiuwdsauna uazdiuwdanu IWihauddy Tae

=t ) o ar 4=;
WITMINUIUAITUMIN (2-18)

Engine-generator Efficiency (77

Engine-generator Efficiency (7]

= [Energy equivalent of electrical

I'.’ﬂ‘g"!ﬁ’

power)/[Rate of energy supplied to engine]

=[3.6xP V[V, x HHV ] (2-18)

errgmL

5) sz AnEnmIvessTUIRILA (Overall Efficiency)

uaaaldiiudannuansolunswasuplwdsnuiasauogly

¥ oo =~ ar 4 ar w o []
womasEna lflundsou Wb leelfassseuaduadniely uazfifnendandsnumse

T i o c ' Lo w = v [ = o
amwieuidinamieludiu sawnsamasauiazavegluung lordelugdvewdsanunny

: < £ s =] o d'
fou Fuiluwanaoyld (By-product) ¥94n52UIUMS 108TIFMIMUINAITUNIITN (2-19)

Overall Efﬁciency (ﬂah’) = nefc'cm'cui' - nm recovery + Uhcm recovery (2-19)

Taeh

Ash recovery Efficiency (7], ey} = Mg, x HHEV )/ [m, x HHV, |

Heat recovery Efficiency (7], ecoven) = 13:6 X Quyue)/ [my x HHV 1x 77,

Lll'(’)

24
m,, e

-
m,, fio
HHV,. 79
HHV_, #0

-
Vg fia
HHV, o
chhaust ﬁﬂ
77, fe
P fio

[

(Taufl HHV,, =

3
8RN IFHDINAT NI, kg/hr
SasIMsiAad e, ke/hr
at

manuiouveuFoInasTuie, Mike
AMNUTOUVOUTVOTY, M/kg

o ¥ [ =) 3
R31AT MavenasIuIa, N /hr

] ] [ = 3
AANuIouAET B, MI/Nm

] ar = i o Y
awdanuanudeuvewna ladeninduu 114, i
UsgANTN NI WNITOULRS, %

Mda Wi #nda 18 W30 Electric Power Output, kW
15.532 MI/kg, HHV,, =29.818 MI/kg Uz 1 kWh = 3.6 MJ)
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* o ¥ a2 ar o
swmiiduimaedn (Q,,,,.) ndsnusruiouveuraled (0, ) tasndIaTuANY

=

=t & = 1 o & o < o
Soutiqads (0,,,) Faewsndoulieglugilaums (2-20) 1 2-24) 1875 (myednd wazds

e, 2551)
) et = Qtectricat T Crovtoms T Costanst + s (2-20)
Q ey = HHV 112, (2-21)
Qonerarr =3I c03 (2-22)
Qosotart = McCpy (Tegu —Tein) (2-23)
Qetanst = MexC o, Tovos = Toain) (2-24)

= 1 i N . . o
Taoht HHY, Ao aawiouudadauog iy, i, oy 7 fe 5a31Ms
W ¥ ) 14 o a ' o '
Tnaveunadauia dmdedu uazufalede mudmdu ¥ e anudedng ihsenteeme 7

1 & < o
flo il luudaz oo cosp fio meimlaassmalilih ¢, , ¢, fo Awganudeusums

o

oA o Vo [0} ¥ & Y a A = %
UVBIUT BIUAUNNY 4.18 kI/kg C UBZANUTATHIDUYDILNY lmﬁwgmmﬂamauuﬂ T,

U in?

4 o

=Y %.’ A s %J A
T Tom 402 T, 70 guugilvashiduduaioseud shausenainaiooud gangd

Cout? exin xin

usseme uazguuliveuna lofdes mudidu
sz @nFnmnsnan 1991 (Generator  Efficiency) finaan ldan
@ & = ‘g “aog = &) . -
Tun1g (2-25) Lmzam’smsﬁmﬂﬁmwmwaamm‘tﬂummm‘lﬂﬂ‘l (Specific Fuel Consumption:

& Qr LYY g o - [ @ -
sto) aratlunatidndasms yamdan a lusauvessondsau i finga 18 1inauns 226)
8]

= generaior

" generator T (2_25)
Q Juel

mg
Sﬁ‘ generator = 0 (2‘26)

=2 generator
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2)  msidszgadiFzuuanudeuiwwndanszua i luadesoud
dualmelu
VINTURAWAINIY [AHITUINAINIUNBONINTZUUWLTIY 2 77U
A o Al o - 9 w 2 & & A ' & w P o
Ao wasnui Idannisndas lWih nezwdsoumbefsaeding 2 aau Ae wdsnuiisonainih
1 a 1 [y 1
naowu (Coolant) uazanuiouinesn liduloidy (Exhaust gas) muaunshi (2-23) wag (2-24)
c &l a ~ o o] (= ¥
drnsathanlslse Toant 1d Taswdsruanuiouiivshlddsz Tonmi Idlas liiinansenuse
=y P+ A o LY =4 = 2 a [ )
szuundn Wi A nasnuarufouvewda laBe Semwisordunmuiamdsednsawnis
Moy {Heating Efficiency) TAdsaung (2-27)

oot
nhearmg = = (2-27)
Q el

dszAntmmuosszuunda s wdundioruanuiou (cap

Efficiency) UaUAT (2-28) fip

_ anhcmsr +Q§£’"€"’a’0" (2-28)

Q Juel

n cHP = n heating + n generator

o

Ay I3 g = o = W 9 t o
HaEdRsTIMITNY D0 UF WAV UWILYDITLVURDR l'ﬂ"/‘jﬁ?nﬂﬂ

Gr =% o oar

ar 9} & o yﬂ - - ) i or Ay P b4
AAINUATITITBU “ﬂﬂlﬂﬂﬂ“h"u?ﬂ ﬁ‘i’!ﬂ’l‘ii‘lﬁﬁfﬂﬁ’\iﬁﬂﬁlﬂﬂﬂfﬁuHﬁﬂ’ﬂWﬁﬂf‘r’lu?fnﬂ%?ﬂiﬂﬁ@\?ﬂuﬂ

wan T muauns 2-29) fe
¢ g (2-29)
SCenr = "
Q generator + Qe.rham‘f

3 memsanuganudeuves ey
3.1)  nauimaming

ot = aaa :A:i ~a ‘g 1 =4

15 1ngd vuete UgnsemiuaiifhaduediesiaG?
1 3 o 1 v oo [ [ [ = 1

sznudamds@u Inailusigesndsznovlalasasvewdueendsunazlaaaoee

o Y i o et A ok A o A
nasanudeusenut mswn Indhruugeindemsm Indhd fe nswn Indduiliemaiiu

a

udrmnsalfilSuannudeumisuainnuiou (Calorific Value) vou¥onwduana13lu

AuNS N (2-30) D3 (2-34)
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C+0, — CO, +97,000kcal / kmol (2-30)
CO+0.50, - CO, +67,600kcal | kimol (2-31)
H,+0.50, - H,0,,, +57,600kcal / kmol (2-32)
H,+0.50, - H,0,, +68,300kcal / kmol (2-33)
CH,+20, —» CO, +2H,0+17,890kcal / kmol (2-34)

32)  msmaiarwganuieuvesledy
: P A
AWTUNTT (2-30) D19 (2-34) %mﬁmwmm%’auﬁmﬂw%gn

I ) 1 1 su’ = g oF
T4 s s Tomiludees wu msdremanufeuldunimaaiiule vioadausesy

' =5

4 o o & 1 ] '
lunsyvenguluwnTesoudduardniely edsliduniled liildgn1Fom szgnifanidos
sonuIndasviovia laide

¥ ) o
anufoumbenisnnie lo@umusndnnldilss Toni 14y
= 4 7 o a Y ' =
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o = &g =t ] o
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- : ' =t b ¥ i 1
oo Gsdmmugnamdenveslode wdlumanuaindeouvewdaloduivandces
penu191nMsI nd (T e, 2544015 Ind Taenguiuda nrsmndly
4 o o ¥ = 3 i o
wiossuadumlmelussdumswn TnfuuuiBuaenadmifin(Excess Ain Faiofionsa
& &2 7
NAURTTFINID Felinsflsznovves Co, H,, CH,
mImmanuganLiouvasna leds aidhunaswvesnu

wrwFeuvewnt lodoudazd awmumsmswn il quasii 2-35) 89 (2-37)

CH, +2a(0, +3.76N,) = CO, + 2H,0 + b0, +7.52aN, (2-35)
H,+0.5a(0, +3.76N,) - H,0+b0, +1.88aN, (2-36)
2CO+a(0, +3.76N,) - 2C0, +b0, +3.76aN, (2-37)

a fi9 Wmmemeaiuiy (Excess air)

b Ao WSuraeonFaudnudu (Excess oxygen)
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M5 41 Haveaydealufia (knife bevel angle) yuifianszyinulil (cutting angle) 1oz

VUIAYOITAADAMTURDUGIGA (max. cutting force; kN)

Cautting Angle (°)
Diameter Knife Bevel Angle = 30° Knife Bevel Angle = 45°
30 45 60 90 30 45 60 20
17.78 mm 3.69 3.03 5.06 3.05 6.35 6.48 8.93 8.97
25.4 mm 4.40 5.07 4.16 7.98 8.16 §.29 2.31 12.96
38.1 mm 8.82 9.75 10.44 12.61 18.47 15.95 15.58 18.62
50.8 mm 13.03 10.99 15.00 16.61 17.13 21.13 19.27 20.66
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Specific Cutting Energy = 52,59 +4.21B + 2.68C — 3.86M 0812
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Producer Gas Composition

Output Power  Gas Flow HHv'
H, N, Cco CH, Co,
(kW)
(m’ /hr) (%) (%) (%) (%) (%) (MJ/Nm)
0 163.8 20.11 46.51 16.98 2.79 15.63 6.01
20 170.4 19.47 47.94 16.57 2.47 15.11 5.74
40 186.6 18.58 4991 17.85 1.77 13.87 5.50
60 192.0 19.07 47.87 17.70 2.72 15.47 5.92
80 2142 18.75 46.17 18.67 3.31 15.57 6.27

'Aamufeuveania CO=13.1 MI/Nm’H,=13.1 MINm',CH=41.2 MI/Nm’ (Jain et al,2002)
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Gas Flow volume Capacity of Q ciboust gas
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(kW) . (C) CC)
(kd/kg C)

0 13.97 1.54 1.}7 243 24 3843
20 14.35 1.66 1.18 287 27 44.18
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60 15.92 1.98 1.21 394 33 58.63
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Specific Heat
Output Cooling In engine Out engine
Gas Flow Capacity of Q ootant
Power 5 water flow Temp Temp
{m /hr) Water (Cp) . (kW)
(kW) (L /min) . (cy (0
(kJ/kg C)

0 163.8 3493 418 37 39 48.76
20 170.4 3493 4.18 42 44 48.76
40 186.6 3493 4.18 48 50 48.76
60 192.0 3493 4.18 54 56 48.76

80 214.2 349.3 4.18 59 62 73.14
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Biomass combined heat and power plant
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(kW) as flow rate 7 generator Sfb gnerator n heating UCHP Sf CCHP
3
(m’/hr) (%) (my' /KWh) (%) (%) (m’/kWh)
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Ash Production
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83

®

wamstszulszaniamsuvesdunnn 15 IWFhSwnadauaasly a15eh

4-17 gnsoagdld dsedniamvounwdaudadouoa 1, ) uazlszAniammsnaa

reactor:

1 J o 4 =i d‘ = ] é’
ufadanaa () ) reudrlndissiu e sufsuhannemssia Iifldiegonezin

gasification
aetha usemlnajasfinigs Feoglugag 72.05-90.08 % ludauvesszdnsamniswaaluih
(N ) uﬁ&ﬂsx?m%ﬂmﬂ;mm%wuﬁ(?]L,ngine) i}mﬁu%mﬁaﬁﬁamsﬂﬁﬂl’lﬂ%gﬂ%u Ty
anwduiuidanan Tuaadlu 51f 412 Juvaeisasmslfifomasiume @Gasnsld
Womdalumswanlih 1 vido wie kwh) szfuuaTduanng domdansnaniugaiu Tay
awduiusdanan fwaasly 3Ufi 4-13

Watl aamasnisthaud 80 kw duaansimsaudmivmssdalsfiuile
15z Tom] ifesnniisnams Idomaesumzdiign TnemsnaandsanTih1d 1 wiso
(kWh) s S omasiaa 1.34 Alandy (15% MC) 3 sz Ans o mmaasudemain

wiatluwdsnuih @7,,,..) vesdsginiamvssmsnlaoundadanaduiiih @) g

engine:
! oo gf :f 4 =y oy e
NIMNANTIE 7B 17.31% LA 21.46% aud1ay neil fiafnsanyszdn amswunessuy
s o o a & 4 S a u yw e . A ¥
M, lunsamhanudeumieninnnsossudnin Wi tazamdsnuinunie hudva
o 1 o ar 1 o oa = a 1
wAnsMt Swdw wnlddanuinlsziniamswesszuuliaufingads 46.45% danann 39
< T =Y, ° o) a & 3 4 L w g o @ &
Wuvesuduvosmaduoanuiowndonanldlse Toasi saun 1dvem firudoadu i
wsnnnzaInsoilssEnEnmldun 1se T ldudrdsansaadefiud lna TR udyusy

= a + a4
uasitunistiivyam1dun By-product 14dndan




86

s

%E°99 TLYLIAT RBYI (L) BUNMBLLUMLEMLUEURAL]L

vel Srav 65'6 9¢'61 91T FELl 2608 [ARY: T¥IT 08

0Lt [4504" 9’8 orel 6881 19°€l cOzL LYCL 0'zo! 09

11°Z 14°6T 188 LG 86°¢l 86°01% 85" 8L LO8L 9981 ot

06°¢ 16'61 58 Les PEL b6'S 66'08 $0°18 YL 0z

- - - - - - $0'06 80°06 8'e9l G

(%)
(amx /3 Aowopype  Kouspyge (%) (%)
(04) Aduardgyo ' ALouapiyye (94 Aouapyye (A
uondumnsuod A1Ra0331 A19A0004 pRlicialifc] Louaoype (a1y/ )
21940 lojieuad 103322y ¢ 1Moy
ssewoyq dyadg ey sy (13301 UoREdIsED) AO[] SBD)
: ~oulBu g ding
UBULI0JIDG

Gﬁzﬁmmﬁ—,‘_?ﬂwwﬁam#‘wg@?wgw MLUSUERERGIZEIELULN [T+ _..ﬂw.,vrm. L



109

Efficiency (%)

#+ Reactoreff,
—w— Gasification eff.
muhp Elechicat eff.
~——Engineelf,

—H4e Overalieff.

) L0 50 80 100

Electricat Power Outpnt (XW}

7Y% 412 i TduvewlszAnsmmsvessduuuy T T Su0a

Specific biomass consumption

{kg/AWh)

5.0

0.0

20 49 60 30 100

Electrical Power Output (KW}

ar

1 s j - a 5 a ) ¥
31U 4-13 damims Mirewmdedumnzimdamssda TWdhee

37




88

L)

1 a3 ¥ = o
athalspa wianRoueuiuranisanyt “Iasemsanydunuy Ise hdwasvuia
[ a LY : 4 Py ar T g =
@ndmiugusy Gzozd 17 Fdlunspdandsan Wi lg 1 mise aown) wlfizomas 18
nszdudnuan (eseulaglfiaoniudon) ee 1.28 Alanfu (15% MC)  Fulefoudunn
3’; g F=S w & e = A Qs o g )
asanplundeilifnld Iinsedusnrdy aesonTauldhasoesdy) Boasmsidvomassunie
g v @ = as o g g o et o o ]
10T WIRY 1.34 A landy minan vwavousomaanidnou 1l o lumungay mszes
o g [aon 1 97 . a o A = £ ' < A
Az en lugaanisunlnil (Combustion Zone) TuimnEauA a1 IANATUBEINTIAIT I A
L] ~ asf = gl’ Aol xé ég 2’, c{ d:l =t ) e &
Fawanednmsaunlfeutemdsdutafigeu val lenlsuisuludlse@ninmaea
= o 1 T [
msndn g A lullanuusnaieny
' o o - 9 9 & & Pt @ o o
sthalsamu msnBouReuissaiuladruvitaiu o1 liidoane e91dlu
ay a - a @ & o P 9 = A - T
Hdeefinandemswioniagavilsznoudu’ll Wewmndununswssnrawdalaslaaies
o ar a9 =1 P A s v &
& lszana 166 vvau luvasidunumsessulasnslvdesruneusziinigenn 09250

IN/AU

o T
4.6  HAMIIATUUIZANANNAR UAZIHUNIHANUITY

8

ooar A = 1 = g <
TuanSaeit latnsaoneama TuTad Isa I¥hdwavunadndmiugususuuasy

2995 Taoimssadunuiszauanuds wounisanuiseludunszuaumswseunazms
of é’ = =3 5 1 U
Famsremadiuaa 1 ldSenszuiuniswaanszue i ms@ouae lihudgszuy as
o o oA .3 g7 ' -4 1 af '3
ihveudonnaiullldlss Tosinyudsuedisasuiees  tazauNUNNIATYIMAATVDY
Tsa'IFwavuadnd miuyury Fldvaouduuusuduseninumine)dy
wa TuTadgauis uazdninnuaunadenminh 11 Falidngdszasdieasneamalulad

= g e o & ' a
Ts¢ TS mmasnadndmfvguruiounsuiens asuanszuaumseaanssud 1Wfh ns

1 =) a g

¢'{ 13 94 97 | = a = -:;
L‘ﬁ@ﬁﬂ@]‘lw?‘hﬁﬂﬁizﬂﬁ IR TINUTEAITIANTITITOINWHIY UG i?ﬂJ‘lﬂﬂ\‘iﬂ'ﬁu’W@ﬂEﬁﬁﬂ

a 2 3 4 = a1 'y & ' e
a1 145z Toningudou THuninyasns nyihunTeguauas vitsauiaul
al
Taglunsdaauduunszauanufatisigdniund 100 au Tesligdussemeuns

a

srunaas iy 3107 414 e g 431




31 4-16 w350

MAIUFUNUT 2 TS U

89




317 418 vsInmEELduIN o Tsawsudunmil

1 a . . 3 = . cu o
1 4-19 wssomeRInTsumsBoudFelsednd o Tae Iddhdnnagsuts

90




N

31l 420 wssmeRonssuntBendiFalsedny o Issliidwnagsud

: S : R e
71 421 vssemsienssunsoudiFelsesnyd o Tsalntihdanagsus

' - o TR N z P s 3 v L
71 422 vssemeRenssunsGeuiiFalsysng o s WS nnagsut

91




51}“ 4-23 U‘iﬁﬁi‘lﬂ‘lﬁﬂ"ﬂﬂﬁiNﬂ?ﬁliﬁiuﬁﬂmﬂﬁ flfiﬂ'l%l il ‘15\1 1'V\i‘ifd1°lf’3ﬂ'3ﬂﬁ514"15

i ‘ o =N e =, n" N 4 .
71 425 ussemwRanssunsBoudidalsedny a Tseldihdunagsus

92




i 4-28 v33EN

] ) - o & - .c:
mAnnssuMIEeuiFalszdng o s IWihdnnagsud

93




94




A
NN 5

a‘gﬂwaﬂ”rmﬂaaauaz%’aaﬁummz

-:f o 1 1 5 Z
Tuuniitlumsegdnans@nuuaznisnaasslududie Sadsznoulldae sunou
X Y RETIRA R

a s a = ) as 4

wazdsmawsndemasdmiy s Wi wsevnadndmivyuan 3301519452 Towrlan
¥ a2 4 $ = W9 P ¥y £ a o

anussumaenInMaTessuarianssud i 1¥lunssuuiudema®iuia uazms

1 = 1 1 5 =
moneama [u Tad e Iihdmmuunadnunneasasuaznizsnuiauls Tnofiseazidon

kY
faso 1t

:‘; oy =4 &’ =) o 9 = = a s
51  YUADUHASIENSIsOMTaINA NS U IWYhTnavinadndnsy
FUBY
511  mIWaMIAsesiy/desanvinn
'Iﬂrjmsmﬂa’aumﬁmmug;mzﬂsz?m%?ﬂ1wmm_m§'mé’mmnﬁ’n/éaﬂﬂyﬁmm
] 4:'1 ] ar 1 Y o .o -7} ¥ - o = t-‘.;
YW WUDHUIIOUSVOURTDIRRNIS AW/ mhdudidevdnz 1nsedushy dauade
MINY 1.59 Aw/a T uag 1.23-1.82 dwaaTue audiay wasauillumsdwdsmm sy
o [ = w  det ) ar 1] ] 1
dnlendwuaz Idnszaudndlinlndifvsdu Taolisog1uge 9.69-11.05 kWhvion wazliduyu
lunisduon Uszann 120-166 vmasdunsdildwdanu i vasdszuam 143-212 1w
@ =1 o o 3 ol
il Fduidansosrunaea)
512  pIWmuIaSesdausntazaINazen
3 ﬂ‘.'*l ar a ﬂ?; 9 43 =t oo 3 o 1]
AuunsesAnlonuashaNuaserfiodeiulions imshau 3 dusie
& @ [ & Ad @ A =Y A )
#lue amnsadavnald 3 yuia Ao veiidhiaaderu vuafidems wazvwaing
PUANUABINS TnvilidunumssauonuazinuazoInogh 36 LI/
o d'l 41 -&' = =
51.3 AIRAMNATeI0VURITINEIT I
) t 3
VINMIAAT I HaN INAE0E BIMs o UL uF eI A AN L 951015
3 Vo = @ y 2 ar o o ed
BULAIETUBYRY Biinvesing AnuTuGudy vnadag uazszavguvginlslunais
9 ' P Y A 9 o
puure  waumsifSauisuanummso lumssundsveunieeuwiuuy Tsaisuas iy
H) T o b o 1 °
nyzvziuliaw ANt oy Tavgamgiinmusaungaluniseundsie 130° ¢ dunuluns
= w o ar ar o o 4 Y ] ' ogr
puus ldnsedudnidunazmuiudiendsdulne1dins asonuda Isaatinunis 2,202.89
1n2,696.98 Uindedu audidy daudunulunisenudeldnsedudndduuazm iy

drzndedulanldaTesevudsunnszueiauiify 73.66 1AL 73.55 UINAaSY A1UEIRY




96

= aitv = oA ar L7}
514 91500NUUUITINASHITINAIT 118N 3 AN TH
a A A dnye o o g g g ¥
TsenuesomFomasi lannseenuyunas ldyhmsnaseuiisefuud iy
[ ¥
wuludnndrumatiauazifanssuto Ny uaNuie gy BN IONARNFoMNEIF UM
iWoaneronnudeinsvedlseIiihie 3.12 dudedu uad1F7agdu 4 NiguauiRuaneg

ar

2 e g 3) 2 ar A s w et 1 9 o 2 ]
"il']ﬂvhﬁﬁ&5"J%-I_Eﬂuﬁﬂ\iuﬂ'!SWﬁuu']lwu!ﬁiJ llﬁgﬂﬁl%ﬁuﬂ\?ﬂllﬂﬁQﬂ’J'lui@ﬂlﬁaﬂﬂﬂﬁ]]ﬂllﬁﬁqguﬂ

5

3 ¥ o

A o ] o 1 ] % I~ a ey

ageli18uunld wu undsanuousnuden Fduhnlslaneeyhdlssdninimms
ar 3 : .d s ar

Tendsaugeiu wasdunsdssndanaany

it v o

515 AUuEIsmIsMmema

L= =

< o @ = Z =3
mﬂwamsamﬂzﬁﬁunumsm‘%ammw YOUFDIWAIBINIDNG 3 HUA Tag

q

EY
2 9 @

= o .ﬁv = el D =t Y o A = 3 o < w
ij581111&5‘1_]1!‘3'3?1']5‘1‘3&?‘1351’1533&?’!5$1J'}°Hﬂ'liLﬂiﬂlﬂlﬁ'&ﬂﬂuﬂ@ ﬁunumsmsw‘luﬂizawﬂyﬂu

#3117 Ina sazmdniudnlenda Ao 732, 1,236 uag690 /AU Aany

¢ 2 A 4 oA
52 psl¥dselewiomnnndenaefisoinnsosauanannssua lvihanlg

3 ijl’ = =
Tumseuuriauvana w1379
' ¥ a & 4 4 a o S wa a = ¥ o Y
anufoumiennnmsssoudnda Wi 14 Tunduwehezsihunldiiuanudenly
. : . A -
oA uFamaAEme FamuldnnanudesnisiFomdwdsveslse Ilfhdawaa o-
) { 4 o oa =t a @ %
100 lanfusedalus vazhnnuawisolumsound wfemdaiioudes 90-100 Alaniude
& [ A 4 g & a A Vo & o
47 Tue nebilefasanNUFUS VAUV UTINGITINIRaYNYTZUIN 50-55 %wb  Fuilu
A A oo &
anuinvewFomasiuia Tagnall |
madrziiulseinEamsanvesszuy Aanneasyhem 80 kw Huanizfimuizey
a or & i 3 o lg’ =Y o '0 d’ =
dwFumsnda e ldsz Towd ilsanniidasimslfiFomas umzdiniga Taonmsuia
ot L] g = = - gl
naasu 14 1wl (kwh) vz Tdiomdadinan 1.34 Alandu (15%MC) Bnng
= e = é’ o o [ a a
UseAnsammslaensomddanadiundensidh (7, ) wagdszdnsnmvens
i I ' s w Z 5
wasuuiadawaith Wi (,,,,.) ganamnanas Ao 17.31% une 21.46% auddy nail
A = a oA ad e 9 a2 £l d o
dervsalsz@nimnsamuosszuu (7,,) lunstimbanudoumtoNininmnIstsuanstn
T nazAmdsnuinandelud v minsan Taude viulddanud dszdnamso

YoeFTUVTA UNUGIDT 46 45% AINAT




97

¥ =
53 ASIAONUITTARANNAG LaSHBUNIHAIUIVY
L] ] E L4

nasnimsanynaz s vunauuaz 3 nisies oudenass g n iy

Tsalihdamaviadndm vy Ay 3insldlsz Terdnnanufeundonain
5 d a A -4 = =y

wistwuanannszua il o ldlss TonilunsevuduFomdadanands {35014
o = Qs ar A 1 Py Y A =] 1 [
gulumstaduuunionisneama luTed 1sa Wi wmemnadnuinuasas uaznueay
H ] Y g’l (= ot
Raulluaivvesnszurumsmaanszug i s U8 vuaoulunsusmissanis Is¢ Wi

=4 of ar &2 =t o 9 1 o '
TIIIAVU RN TIA U YT Gif\?lﬁaﬁuqiﬂlﬂl'l??ﬂﬂ'ﬁﬁﬂu'iﬂ?'] 160 a4




VITUIYNIN

nssdimd vilygunzanz.2549), msdamendameunsesevuied lunu linu sonms
mslszguinnissesmsmomaideusazinalugnsaiduanudou (isdis).,
TsawsuTadmbeauuda Swiadod

neunYATINTSY. 2522. mssenuULI IS e Esdes s 1sY, nsuianms
IAYAT, ATENTIUNBATUAZANATEL AFUNT,

UTINONS YT 8y iaz nuaiRusH fusAms Tsnd. (2548), msthanudeniennledennms
wan ihmsdnmluvhfugnsulFlussuohanuduugadu. mslseey
Smsmstwmanudeuiasnaluaunsaldmaneion afef 4 Smiades

W Bra.2544). msmswidunumsnan l¥ihnnfadnm aaednnssumans
AVIAINTTUNAI N U PINGGUTYI 1Y

ar

ngafind y0gter wasdsTy e1amas2551), ssuunngngnslulsadeunaenlaglianaufen
mdefaninm3essudufatnm. zaﬂmiﬂﬁﬂﬁzﬁgﬁ‘mmsﬂg’aﬁ 9 1l5zd11 2551,
AMEIRINTTUMaRS U Inedousl1s.

Aung, M.X. 2000. A Study of Solar and Biomass-Fuelled Hybrid Drying Systemn. M.Eng. Thesis.
Energy Program, Asian Institute of Technology (A.I.T.), Thailand.

Bhatta, C.P. 1999. An Experiment Study on Hybrid (Solar-Biomass) Drying of Agricultural
Products. M. Eng. Thesis. Energy Program, Asian Institute of Technology (A.LT.),
Thailand.

Bhattacharya S. C. , San Shwe Hla and Hoang-Luang Pham . 2001, A study on a multi-stage hybrid
gasifier-engine system, Biomass and Bioenergy, Volume 21, Issue 6, Pages 445-460.

Bhattacharya 8. C., A. H. Md. Mizanur Rahman Siddique and Hoang-Luong Pham. 1999. A study
on wood gasification for low-tar gas production, Energy, Volume 24, Issue 4, April 1999,
Pages 285-296.

Bui, Tuyen, R. Loof and 5.C. Battacharya. 1994. Multi Reactor for Biomass Gastfication for Power
Generation. Fuel, Vol. 19, No. 4, Pages 397-404.

Bui, Tuyen. 1996. A Multi Stage Approach. Ph.D. Dissertation. Energy Program, Asian Institute of
Technology (A.LT.), Thailand.

Chancellor W K 1957. Basic concepts of cutting hay. PhD thesis, Cornell University. Ithaca, NY,

170pp.




99

Chattopadhyay P S and Pandey K P 1999. Mechanical properties of sorghum stalk in relation to
quasi-static Deformation. Journal of Agricultural Engineering Research, 73, 199-206.
Chulalongkorn University. 1984. Biomass Gasification in Thailand, Final report: Renewable
Nonconventional Energy Project, Bangkok.
Coovattanachai, N. 1982a. Producer Gas in Electricity Generation, Proceeding of Papers, The 5ih
Miami International Conference on Alternative Energy Source, Miami Beach, Florida.
Coovattanachai, N. 1982b. The Potential of Producer Gas as an Alternative Source of Energy in
Thailand, Proceeding of the FAO/PHI Regional Technical Consultation on Agricultural
Wastes and Solar Technologies for Farm Energy Needs. China & Philippines.
Coovattanachai, N. 1983. Current Status of Biomass Gasification and FAO Activities in
Gasification of Agricultural Residues for Power Generation, Proceeding of the
FAQ/UNDP Inter-country Cooperation in Post-Harvest Technology, Bangkok.
Coovattanachai, N. 1986. The Feasibility of Operating Small Engines with Producer Gas in
Electricity Generation and Process Heating, ASEAN Conference on Energy from Biomass,
Malaysia.
Coovattanachai, N. 1990. Biomass Gasification, Final Report, ASEAN Sub-Committee on Non-
Conventional Energy Research and ASEAN-Australia Energy Cooperation Programmed,
Prince of Songkla University, Songkla.

Coovattanachai, N. 1990. Biomass in Electricity Generation: Prospects and Challenges, A paper
presented at the 2nd ASEAN Renewable Energy Conference, Phuket,

Coovattanachai, N., Chongcharoen, W., and Kooptamond, C. 1982. The Feasibility of Operating
Small Engines with Producer Gas in Electricity Generation. Journal of Energy Heat Mass
Transfer, Vol. 4, pages 213-227.

Dutta, A. 1998. A Study of Biomass Gassification for Engine Application. M. Eng. Thesis. Energy
Program, Asian Institute of Technology (A.L.T.), Thailand.

El Hag H E, Kunze O R and Wilkes L H 1971. Influence of moisture, dry-matter density and rate of
loading on ultimate strength of cotton stalks. Transactions of the ASAE, 13(3), 713-716.

Electricity Generation and Process Heating, ASEAN Conference on Energy from Biomass,

Malaysia.

Ince A, Ugurluay S, Guzel E and Ozcan M T 2005 Bending and shearing characteristics of

sunflower stalk residue. Biosystems Engineering. 92 (2), 175-181




100

Kamke, F.A., and Casey L.J. (1988). Gas pressure and temperature in the mat during flakboard
manufacture. Forest Products Journal. 38: 41-43.

Lowery D.P. (1979). Vapor pressure generated in wood during. Wood science. 5: 73-80.

Mesquita C M and Hunna M A (1995). Physical and mechanical properties of grasses.
Transactions of the ASAE, 38(6}, 1655-1658

Nikolaisen, L. 1992. Straw for Energy Production. The Center of Biomass Technology, Denmark.
Regional Office for Asia and the Pacific (RAR)/Food and Agricultural Organization of the
United Nations (FAO). 1999. Rural Energy : Combustion and Gasification of Biomass in
the Asia-Pacific Region, Bulletin: 1998-1999, Bangkok

Pang S., and A.N. Haslett. Haslet. High-temperature Kiln Drying of Softwood Timber: The Role of
Mathematical Modeling, I am Turner and A run. Mujumdar{editors). Mathematical
Modeling and Numerical Techniques in Drying Technology. (pp. 179-219). New York :
MARCEL DEKKER.

Persson S 1987. Mechanics of Cutting Plant Material. ASAE Monograph No. 7, St. Joseph,
Michigan.

Prasad J and Gupta C P 1975. Mechanical properties of maize stalks as related to harvesting.
Journal of Agricultural Engineering Research, 20(1), 79-87.

San, S.H. 1999. A Study on a Biomass Gasifier-Engine System. M. Eng. Thesis. Energy Program,
Asian Institute of Technology (A.L.T.), Thailand.

Sethapanich, R. 2001. Experimental Study of a Counter Current Moving Bed Reactor for Heat and
Chacoal/Clean Gas Production. M. Eng. Thesis. Energy Program, Asian Institute of
Technology (A.I.T.), Thailand.

Skar C. (1988). Wood-water Relations. Berlin: Spinger.

Wade A.Amos.,{1998).Report on Biomass Drying Technology.Midwest research Institute for the
U.S. Department of Energy.

Wickramasinghe, T.A. 2001. A Multi-Stage Gasifier Engine System. M. Eng. Thesis. Energy
Program, Asian Institute of Technology (A.L.T.), Thailand.

Womae A R, Yu M, Igathinathane C, Ye P, and Hayes D. Shearing characteristics of biomass for

size reduction 2005. An ASAE meeting presentation, paper number: 056058.




MANHIN




102

HUBT A RYAIAIDIING




103

SLEBRE T BHIBELEIALL U

BLILBSERRR/TEMEL B

LEMY

142

a1
F=

el

BSED

ch

TEELY

L

g TLuBYE

oL

LRI

EP
tEITLE

uoneitiosag




104

H S04 G RILENHaTHIIE ISR
sunun e e laddsuns

yd
L —
500
]
700




105

Wi Lém‘wﬁﬁ*’ﬁ"ﬁﬂ‘}a

=
— : =
@
; E-: Gl LA AT SRS AR Nt i -
= N Q
. 1i (53 et 1e)
: ! A " G
3 i : -
E :;! . !ﬂ M
s o af W
= i B o=
= 7 I = Y —
& WoHE | m i '1'_’:
tifer [ PwF ] e
i) i 1]
E ﬁ U g{ ]
i il B
i 3 L)
e do B SR G
4 TY) ! . - - B
A R B B B e
Tl M ] B *
Y ey Ferk oy e o
s l'.!'f; [}:! i I}:!‘ 14
1 ay I'lll it m' ’
" it £1f O ] 0
Je3 fed) a2 .
; B
wy
Lind
%
; 4]
iR Rl Bl BT

ECTI . | Py,

/i‘-‘s 2T T 28

sy
(]
(28

— it
=
=1
2
"

& i [% "
2 R s . S —— ]
a» 4 S i § o

e B

R - |

-

FumaTuladgsuis

MWTVIE




=2h.
[

=
MIFANEN

Uszaumsailagaz

sz IRmsiau

lagiin

.
-

o

sz IRinIde

Aaomnans19158 #3359 o1vnny

Ph.D. (Agricultural and Forestry Engineering) University of
Tsukuba, Japan. W.f. 2544

.‘aﬁ,u.@ﬁaﬂismﬂum) WTIMNAuAYAsans W.H.2540

IN.U.LNBRTNATIN) VHINNSunEATMIARS WA.2537

Clszavnsel 14 T lumsdaumaTulegndsnunauny 1

= o G

25372543 (7 1) Fouaswann  mslszgad ldndnu

o d ) of; 9 o @ I'd
umofindinlftudusdslusaunsnmesinuns - Taoms
Y ¢ w a ¢ ’ ;
 HAnAULUUINNINIABS HAN LAY YUIA 15 hp i

Cdhanerfiwusseavilsyan In-en 3 2544-thgiu (7 1) nlu

mydvouayianngumdsnuiunadnm - Tasmsihiag
- y v '0 : -
wHoldmemsinvaninldiduumdaidnunauny 09 73
@ 1 s 3w o o =t
WanuunaInTadmswdminiululefisa msvimuunalulad
= & = . . . a
MIHAAUNTTIUID  (Biomass .  Gasification) — NITHAIUT
=1 ? o a .c'b‘ . ar
maluladmsnesd WisuunBaunadamw MBIz
o ¢ e e & o @
mslflsy leminnunadanauazufadinm - msaauilas
4 et yo oo ) =
IATBIOUARLYD [T LUNHFINIDUASLAT T INTA M3TNYI
¥ nl
maTuTadmsndmmombadinin  (Biomass  Feedstoek
Technology) mswanma luTadmsdgniivwasam wu 1

Ed
Tasadwsuldihniemas

Fomans1ansd dssdiane3eininssunuas

fmdhanirdrnsaunugas dnindniaonssumens

) g ]

damtmaand §iRmsInnssundsnuuas anadoy
duindnenssumans yminndoma TuTaBgsus
$numsTosdianisvhiuumInendo dnindmn

wa TuTadmsinees uninendoma lu ladgsus

UATTIFTU




.7, 2548 - 2550

W.9. 2544- 2549

3/ oy =1
HBHMUFNEN

WA, 2544 — fogiu

107

FHIMIHIMTNETITNIFIATINAYAT
owIsdUszimn v dmnssunyas
duindndmnssumaas uninndomaluTadgsuds .

URTT 1A

TATIMToBNUULLAE NAT OV B8 AUNI T d M UNER
I O wirineduma lulabgsuis) dumile
o o
Hanu Insems
Iassmseenuuvieznadeuszuunngagns Tu Tssdeu

4 & 2 = oar o o A o w
ayna Taolduna®anim Gio: an7. uaz uSem W55 37NA)
Al wamh lasems

< o = & s
Tasamseenuy LR INARUATFINIaLLUTeN 90BN F M5
nsHannssug Iwaznisonule Gao: wnineds
wa I Tadgauns) duvis Hami lasems
mabsziiviagAuuasma luTadmsedasudmon Gl
<y as =y =1 ] [ a 5
unInen doma I Tadgsuts) dums wonihlasems
mslsziiudagavuazima TuTaomsndandsauainm iy
drlevas (W . unInodema ulatasu) dumls
Y v
wanih Insens
a7 = Sy =1

TassmsWannduuuuaainaa Wi uasanufeuvinadn
Taeldmrdaufadunauuuasmisesn (G5 M1INndy

wa Ty Taggsuis) dwmuds HanihTasens




108

Tassnsmibsnuifnmnlusdedes  Tnssmsdurduns
WS s anmluvhandseda Tuuianais (seeh 3) vhiy
YIANA1 (AN wnInedo@eslng uaz aum.) s
vt Isens

- thiuBess 9. vouuny 1000 m’

- vhivnonlszgnt 1. vas 1000 m’

- vhiugnIdnInie 9. ¥als 1000 m’

- vhiuwdaiugdad 1. va1f 1000 m’

- whfuyim v. $ewdn 1000 m’

Ao d

- WhisusaFe 9. U3 Sud 400 m’

9

o or
- Inovhiu e, 153508 500 m®
4 a
-~ shiugade 9. umesA1y 1000 m’
Tassmssarigudoyaasaumagiman dnfudslduds
< g w @ ar =
dwsviinunldndainiylulefma ludwtaussymn uas
saniniEesln (e: Japanese Ministry of Economy, Trade
and Industry, METI) dunis ¥onth Insenis
g =§d‘ -} as & g ar -] o
Tasensmnuinmueaudmiunsdgnimiiiudiniy
a ¥ ow ow =y o g s ar 1) < ar
samiu luTefern -hduduie muesdu ayd - Gee:
Japanese Ministry of Economy, Trade and Industry, METI)
Aune Hmt Insens
= -~ 4 A g o
TassmsnagouilszEnInunsossudnlsuniuluTofa
(5373281: Japanese Ministry of Economy, Trade and Industry,
METD futnids Hamirhlaseans
=2 m% @ o 9 o or o %’ w
Tassnsanyimyguiat e indmsusaaddulyle
Aua (% U3 Seuds $100) dumds WandhTasams

Tasenisuonanansos Iasldiasedielolszamiszaug

o3

a9 = ol o 7 o0 o T o
@i 13w Bune. g3 e dwnls Wanidi Tasans




109

Insamissavinsouunugnsmanindsnuuuuysanms
seaudanda U 2547- 15508 - @fhdhe: dndhaumdeey

UNIAN 5 (UATTIFFUD NILNIIINEITNL) Fvals

= Y

0
AT IngAINWaIIY / filszauaiulasang)

Tasams maalfiRamszunsrdmhuunasnas

o ﬂsﬁﬁﬂm"luéuﬁmaﬁawu (We: IasamsIsemsinunsid
 wndlyd dnfnnuiannnsisomsinuas (09RNITUNITL),
aan. dumirks Wamhaaghandiunsmanonmntswan
wpsity)
Tﬂsems%’ﬂﬁm3amsr«mqmﬁmﬁ@aé’wﬁ'&muuwysmmﬁ

o qr

seAudandall 2548 - Fougil wmesan ey - ({9
10 dninoundanugiingd 5 (uasssEa) nsznaag
wilaany) shumsde didamadnmsan / fuszaman
Tazems)
Tnssmssaiummlgansdumsdeuumnhyednuaniw
shuazqummhdmzaowinudouns e edouden
o @ dninvadsemudi & uassdu) nsy
yalszmy ) dunis fsermgdunsnyasuazmsly

sz Towifaw fuszmmanlasens
TnssmsesnuuuasnadeuszuunngngnsTuTsedounnen
Tneldnnuoumiona mintoswudnda IWihdrousasanm
(3W8: Una. Lae UTEN ey $10) dwve anth
Tasams
Tassmswimnndunun Ise Iihwnavinadndmiugusy
(390: VIEnand (szmalneg) 9108 une SATAKE

CORPERATION CO.,.LTD JAPAN) @uni¢ #antilasens




110

Tassmsysannsnudmmasnmsuusugnsmanismsa 1
2549 (e dninamdsnugfingi 5 (uasriu)
NIENTNNEIIN) Armsda AFermydmdas / §
iszavaulnsams)
Tasamsinenanih 18 lumsgn 1 Tnd uded
wasnudma (35 nesyuayindwdenu druinauulome
HAZUHUNAIII) A Wanih Inseams
TassnsdndunouTslwihdnnavnadn dmsuguau
(350: dninnueaznssumsivourdend) dums dandh

Tasans

= oy <
HaITHANUN

D

2)

3

4)

5)

Arjharn W., M. Koike, T. Takigawa,. A. Yoda, H. Hasegawa and B. Bahalayodhin.
Preliminary Study on the Applicability of an Electric Tractor (Part 1) — Energy
Consumption and Drawbar Pull Performance - Journal of the Japanese Society of
Agricultural Machinery, 63(3), 130-137, 2001.

Arjharn W., M. Koike, T. Takigawa, A. Yoda, H. Hasegawa and B. Bahalayodhin.
Preliminary Study on the Applicability of an Electric Tractor (Part 2) — Effect of
Battery allocation on the Tractive Performance ~ Journal of the Japanese Society of
Agricultural Machinery, 63(5), 92-99, 2001.

Hasegawa, H., Koike, M., Yoda, A., Arjharn, W. and Sato, S. 2001. Studies on the
Development of Supporting Technology for Rice in View of Environmental (Part 1) -
Field Trial for Weed Control by Using Rice Bran Pellets -. Proceedings of 37th
Annual Meeting of the Kanto Regional Unit of JSAM, 4-5.

aSawa Usrvowiny, 53 Tu5ed uaz F9dw eremmy. 2545. N1SENUULUDE
nageyszuuanuieudmiuangrgns lulsufoveyura lneldmaFinm.
Nnyasdnindrnssumans, uniinerdoma TuTadgsuis, 4-5.

Jantasiri, J. and W. Arijharn. 2003, Design and Testing of the Heating System for

Swine Nursery House Using Biogas. Proceedings of 2003 Annual Meeting of the Thai

Society of Agricultural Engineering, 643-650,




6)

7)

8)

9)

10}

11)

i1

F5znn TUNAT uay I5TY 919MIY. 2547. MTOBNLULLAZTNATOUTEUUYIAIIY
foudmivongnanslulssfoueyine Taeldmadanw. nsammaluladgs
13, 10(3). 300-306

wudng asafiss, aigen wugassa, afad Unefined unx Jave eremie. 2547.
mswssaz Saauas I Fagiaen.  nntlszauinmsadeR s szl
2547, danaudA NI TnEasurslszmealne. 469-474.

WILNAE 3190380, F3vga quiuiie uax F5vm 019mig. 2547, M3 19pandan
HlaiinlumsdSulpnszyoumapadiniemsnuoamessinsuveahdy
sy mstszquinimanied 5 Uszsid) 2547, auauirnssunyauralszme
Tne. 432-438.

Saran Pansiripong, Sarawut Panthon and Weerachai Arjharn. (2006). Chassis
dynamometer emission test of diesel engine using various % blend of biodiesel.
Proceedings of 2003 Annual Meeting of the, Thai Society of Agricultural
Engineering, 155-160.

Niwat Kongkapee, Saran Pansiripong and Weerachai Arjharn. (2006). Performance
characteristics of the diesel engine using various % blend of biodiesel . Proceedings of
2003 Annual Meeting of the, Thai Society of Agricultural Engineering, 161-166.
Pojanalai Chowhouimak, Terasut Sookkumnerd and Weerachai Arjharn. (2006).
Chassis dynamometer emission test of diesel engine using various % blend of
biodiesel. Proceedings of 2003 Annual Meeting of the, Thai Society of Agricultural

Engineering, 147-154.






