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Tassmstdufnenssuiiouanssousvoandesouimwadiaulaniieldidomasanfnedanim uas faulannadoseus
Awadundosoudutaleduiliidomaansfedinmegaiion wisseuddldlunsmaaeuieiriesudmeaidndie
fing 0T 3u DI-700 WA 353 cc. 7 HP ouwtndiuuuumlngdngs dulsueismesouin 3 HP ianszaulagly
vaealnliih deunsiaulanaiessuiiioldidemasuiuietnm wissusiisnsdumdidn 18:1 nan1seaeui
Sasdivesndufieadefedanind 3070 Wudasiimunzauiian esarniniessudlifonnistionifnty
ﬂizﬁm%mwmaal,ﬂ%'awuéqﬂqmﬁ 18.49% Tuaanslaliih 3,000 Watt $asin1saudeadomasuituiea 10 co/min
wasfidnsnsauUdsdamasinatanan 24 lter/min Wodaulauadsssudmwadundssuduialoduniosudil
Sasrauindsnanasnde 10:1 Idemanamsfedinmiiissetaien nansvaaey leUsyavEnmussAIosous
g_jaqmﬁ 6.95% Tnannalaiin 500 Watt fi§asinisauldeadomdsinedanin 17 liter/min Wowimadildunduin
dunutensliidmui ndessusfiwadielfidomdsuiedanm 167 4.02 vin/kwhr dueiessusfiwadauas
Huedessudufalsauildidemasams fedanmetaien 167 3.4 vin/kw.hr

Ay nsdaudas fAedinm desoud

Abstract

This paper presents a comparative study of engine performance on a modified engine to use Biogas dual fuel.
The engine used in this study was a small 353 cc, 7 HP Mitsubishi diesel, model DI-700. This engine powered
a 3KW generator which illuminated an electric light bulb. Before adapting the engine to use Biogas Dual fuel,
the compression ratio was 18:1. The experiment indicated that the most efficient ratio of diesel fuel to
Biogas is 30:70. At this ratio there is no sign of engine failure at peak engine load. The highest electrical load
achieved was 3000 Watts. The ratio of Biogas consumption was 24 liter/min and the ratio of diesel
consumption was 10cc/min. After modifying the Diesel engine to be a gasoline engine, the engine power was
decreased to 9.88:1 while using only Biogas. According to the results of using only Biogas, it appears the
highest efficiency of the engine is 6.95% with the highest electrical load of 500 Watts, biogas consumption
was 1.7 liter/min. When the results are calculated the unit cost of using the diesel engine with Biogas is 4.02
baht per kilowatt-hour. For the modified diesel engine using only Biogas the unit cost is 3.44 baht per
kilowatt-hour.

Keyword: modified, biogas, engine.
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1. unu

fraFanm Fadundauiildannssuiunisdes
daneveyadn suilUdmandndindeiionenisinens
Sndn Tulligturfuadndldinerfedainmiluly
Wundaunaununielunisy wavdrulugasdanly
w3nssudidniiwa endnnszualni niousdnszia
szuunsvyudeuetnanglumisy neidelabwiu
Foumnsnssznnaeiess Uil ainasivasuiuine
Fann wazAdesoudmedinm TAsesusiviaewln
vilnlnudildanssaugnisitanutazanudueidonis
amummﬁqm 39ldvtn1s3TeigatunIsadauna
AU3TOUZNISTIUVB AT RSB URTLITadAuauil old
Fowmdaumeiinmuasianiziedinmdudemas
wazdszidunanisnaaou wenldlunissndulalunis
N

2. nuuazisnsaniiunisive
2.1 Mo (biogas, digester ¢as)

Rrefan1nuse lulefe Ao ArediAnduniy
5550T1RNNN1TUTNEpuaaIgveaIsounIgn1ale
an1efivsiAaIneeandLau(anaerobic digestion)
Toavialuasnuieds f1g Snu Atinaannas
wiln (fermentation) ve9 a1s5un3d Taenszurunist
mmimﬁwﬁu%’ﬂwqmaz nosyadnd uazfuUaunas
¥hils namAeulelusfinuiidanssunsdninmuufuy
vauiaiaietinm wtduiowandnnisn
nguiosrusznavdiulvgduniaiinug (CHy) Uszunu
50-70% uaingarsueulneanlan (CO,) Usyunad 30-
40% dvwuimdeiduntaviiedu 4 1w lalaau (Hy)
panTiau (0,) lelastaudalua (H,S) lulnsiau (N,) way
Tovh [1]

2.2 ipFaseusiean i (biogas engine)
mstfetinmu i omdsdviuinde seus
Fumumelududesinisdaulanedessudnoudiols
wanzausumslifetanmidudomatiog 3 wuu [2]
221 1A50veudfediva (sas diesel engine) fet
in3osusmmamluilddsunwaiudemanddousn
Tdudomdsgfodsiufwautufedanmlngliig
Fanmwanivonadnviealugl diunisyassidndly

v
°

v A a v v & A Y Ao § va
u’]lluﬂmjaaﬂLGU']IUEJQﬂq"Uﬂ]'ﬂﬂ’]Wﬂ‘UE]']ﬂ']ﬁV]E]ﬂI%iJﬂ'ﬂll

o a

Aulazgamaiadlunszuenau n3eseuifoIn1 sy

Awariolyassilnuszuias 10-20 % veIn15ld

v

WAIDILUATLEAUNR vinlrau1sausendaun
80-90 %

o

wuszuna

2.2.2 inSeseusmwasnutauiue Soveudufaleduily
m?"uazwﬁoﬁ”w (modification of a diesel engine into a
cas otto engine) Instiiadessudfiwamluudnuyas
Juedessudufaladunnisnseidavesiniossud
ﬁwaﬁé’mmmﬂiﬁﬁmmﬁuuazqmmﬁqnLLﬁaamﬁﬂﬂu
fadiludaniswnlul wWasunnwdusaornanaufiig
Fanmlvlianuduuargungdgaunad9nseiing i
Fiou Fslunsiaulanedeseudavioensevinded

1) WABWSATEIUN1ER (compression ratio) ¥o4
w3nseudlilaUsEana 10 - 12

2) Wasunsyeseidalaensdniiduiiwan iy
aszidneiiieu

3) Wfingunsal venturi mixer gas WANFETIAN
fuormedeanlnsivenadessus
223 nfossususalusuilfitomase (eas otto
engine) Tnsnisinniosouduialeauildiildim
wuduludomdndufietnmunilasUasuan
Arfyisnosfiiniinandhifutuenadulefundy
venturi mixer gas naufenniueInIALny Wle
Foudasudafinariliuszaninmaeadossudanas
Uszaun 20 %
5197 1 Features of Biogas Engines

Design data Gas diesel Gas Otto
Compression ratio (€)| 15....18 10...12
Excess air ratio (A) 1.3..40 09..1.3
Specific  fuel 0.55..0.75 m/KW.h | 0.65...1.0
consumption ( +pilot fuel) m’/kW.h
Exhaust gas 500....700°C 500....900°C
temperature
Ignition type Self-ignition of pilot As in other

injected into a hot Otto
compressed mixture | engines
of and gas which is

ignited by the pilot

fuel subsequently

fiun: Mitzlaff (1988)

2.3 719AMIINIAIAINTOUYDINITTININ
mstAegan i dudoma wed oseusduny

meluavdesrnilsterinnnudou (H) Fwsiuiudnd i

fumdluiwdnm anususauaggavglludain (2]

Fadrudsunuineiimuluiiedinim

%CH, =100%—%CO0, (1)

U 2 =
AMUAUVDINLYINN (P,,)
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g

_ /
P =P, +P,—P )
108 p.g A9 AUAUVDIAILFININ, mbar
P, f® ANNAUUTIEINIA, mbar
P, Ao anuauluventin, mbar

/ - i Y H 1% ai
P' Ae Avanuduvedledmnliaingun 1

ANUVLULTBITITEINY (Pey, 40r) TuiaTanm

_ pCHA,std X Pact X Tstd (3)
pCH4 e Pstd x Tact
relative humidity
“ 756/0

o 100% 50%
a
S
o 25%

1004

80-

60

40-

20-

20 40 60 80 1(°C)

JUN 1 uwansmnuduiusvesanuduvedlotifuanuiuy

LY

duiusuwazgumiiluinedinim (2]

2 ' o 3
Per, e 1D ANUAUILUUTDINITULINY, kg/m
Pon, s O AIIMUUULTRITBTMUTEN 1

UM = 0.72 kg/m3

Pt AB AUAUVBINILTININ, mbar
Tod e gaumilvesinegil muﬁamusmmigm (273 K)
Peig Ao mmﬁummfﬁ”wﬁmuﬁamwmmyu
= 1013 mbar
Toct e aaumnivesingdiinim, K

18A1AIINToUYDIN1GTINTNATGINU(H, )9
duiusiudndiuveeieiinuluf 19810 (Ve Vi)
ANURUILULYR I UlE U Py, o) waTAN

AUTOUAIYDIMFTINUNAN1IEUINTTIU (Hype =
50,000 kJ/kg)
(4)

_ _CH,
H X pCH,,,act X Hu,std

u,act™—
V,

total

3.4 MINIVUINYRIAITYLTINGTIIY

Asysneialy Suthfidnediunandomnaatiy
omAliia3esoud msyisnoiing dguil 2 Suihi
dudntuiuasyismesialy issusiiudsuainiiiy
doimdadufedanimuny n1svmnavesnsysins
fes Amunalldnaunisdil

'GT G

HE. N

T mixture
| foengine

1

t;urterﬁ 1% l
control’valve

air

HCV

2.4.1 UsuiaivesemIadn sy Uenguinseveus

V. xN
==y (5)
2000x 60

Ine Vife Usunaemaiiidinssuengu
{ & 3
LASDILURA, M /s
Vs fia USumsnszuenguiaseseud, liter
N fo ANNSIS0UTDATBIBURA, rpm
& a a a a s o
My AD UTZANSAINLIINAUDILATOILUATUAYU
neludlenagsyning 80-90%
2.4.2 ywInvedurugUIna19YeInonen

Vi =A,xC, (6)

Ing d, Ao VIAvELAURNUALENaUBIABABA
C, A9 AuEwesemATinuAenen AISTAN
3¥%I18 100-150 m/s
A, fi® fuiivthinvesnenon, m’

A, x4
i

2.4.3 yunveud U uauENa19Yee AITYTIHETI Y

SnTd VORI UANINAIYRIANTYITITINE ()Y

d, = x1000, MM ()

WInYoNLAUHIUAUINAI9YeIABADA (d,) AITH
AUsEIal 1.5-1.7
d,=1.6d, ,mm (8)

2.4.4 M5NYUINYITUTII9A VY D4 ToINA
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A AVCd'awliZQ Hpa HAPa ) 9)

F o AC,/(29)(p, )(AP,)

g A, A fufttdanonen, m’

A fe fudinihdaviodenas, m’

Cy,PB Fudszananislwavesoiniariunenen
gnslnanusaas= 0.99

CysPB Fulsvansnisivavesdowas = 075
dmduansyisimesinly

P. A9 ANUVUILUUYDIDINTA, ke/m’

p; fo AUMULLYRUTDINES, ke/m’

¢ e usiltiugrvedlan = 9.81 m/s’

AP, fo AnuusncveIrLiuYete AT
US58INIANUARABA, Mbar

AP #o aruuanseuesnnusuresingdinnd
YausniumaoAsn, mbar

AJF P9 é’mﬂﬁ’mmaummﬂﬁ’wﬁaLwéaquwﬁ

2.5 NMISMIVUIANDAITUUY T-Type
Tnotaiossudfiaivdsunlfidutomasgdo
difufimasauiuiedanimsndudesinsdaulamio
sullerldanunsolddeiwassauld TnasovieAwdhiy
viesawlemiludnvauzadnegus T Benduuy T-Type
Tneiienseenuuulunsuunavesviofesisl

air from air fuel mixture
L ———- e
filter fo engine inlet

I I

Hel
I

Biogas

JUN 3 viefaluy T-Type [2]

N13IUINIUTDIDINALUINTEUBNAULAT D8 UA
ATUEULRALIENN(5)

2.5.1 anusiesermaluvaled

Vi (10)

dlo v, Ao anudweseimeluvieled, m/s
& N Y I | a 2
A fe Wulinihdnvieled, m
2.5.2 US118lA118R 99N 151 T0INAS

fc = sfcx power (11)

dlo fo e U%mmﬂmuﬁaamslf??al,waa, m’/s
Sfc o AmnuAuUdnademas e,
m’/s.kW
Powerfie M&1UIaASas8uR, KW
2.5.3 AR TAITTININ

fCoio = %0bio x fc (12)

Jla  %bio Ao wWes@udveafiadinnlagUsunsi
LASDILUARDINTS
= v & a 3
fc,, A9 ANUADINIIBTINIW, m7/s

2.5.4 Y9N UNYeIIon 195NN

A =0 (13)

o a4 & A ) 2
e Ay, A9 wweiunvewiaingdinim, m
A @ & IS
Vi, AD ANMUEIMRTINM, m/s

2.5.5 yunaurugugnasvesvien v TN

dbiu:\IEAbio (14)
b

2.6 Usgansn1mmen1asau (M, )

power (15)
Nin = ;

ml Hu,diesel + mh H

u,bio

o Power = IV

m Ao ANNAWUAesTUAa, ke/s

m, fla ANUEWUGBIRYTINN, ke/s

Hy diesel D AnAnudeuTethiuRLYa, kl/kg
Hupo D ANANTOUVRIAUHININ, kl/kg
| fe nszualndihdild Amp

v e usaadeulihdild volt

2.7 mswlvsl (Combustion)
nswnbudl A N1 fsenssninademasiu
a1 hazlaninusoueanun taenaly Wotnds

Uil 2 avuil 3 unsrax - dgureu 2560
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v

Usenaudiesiglalasiauuazaisueu (HO) s1awmanil
iosaufueendiaundaléva (H,0) uas
Asuaulaeanlan (CO,) [3]

s lndivesdemadiuinniotesndauain
9IN¢

C + 0, +3.764N,—> CO,+ 3.764N, (16)
2H, + O, + 3.764N,—> 2H,0 + 3.764N, (17)

M ludned g AellonsndiuaeseniAiu
Woindagneaeeisundn Stoichiometric - chemically
correct MlenaunIs 18

C,H, +[a+2)(02 +3.773N,)

—>aCOZ+gHZO+3.773(a+ZjN2 (18)

a = S1uluaves Carbon ludeinas

b = $1uailuaves Hydrogen Tuidaumas

SasnsauNaLveenAfuRemAagtnn
mlaauns 19

A_ 34.56(4+y) (19)
F  12.011+1.008y

Shsrduematuiemaslumangul] Weuitu
é}mﬁ']?i'luaflﬂ']ﬂfqﬁJL%@LW%QIUﬂ'ﬁLWﬂVﬁQ%Q S8nN
gnsndnauya (Equivalence ratio, §) lagmldan
#un1s 20

_ A/Fstoich (20)

A/F,actual

(1) = 1 stoichiometric air/fuel ratio
> 1 air excess (mixture lean)

O< 1 air shortage (mixture rich)

2.8 inFovdlauareunsnllivey
1) wsesudidniwa 4 dwne 1 au Breliaydd
3 DI-700 9u1R 353 cc. 7 HP dawUasaiuisaldy

v
=~ a

WRLNAISIUA9TIN N hareankUasanuisaldianne

e

a

Wolnasingaanw [4]
2) LWUUBLILABST TR 3 KW ¥191u 1500 rpm
3) Gas Meter 8o AMPY Email Metering
U HP 750
4) UUBINOTIALTIAU
5) \nTesiloingmmgdl BV FLUKE qu 78
6) in3esiianzsiieleidy BV EMS fu 5002

2.9 350715398
2.9.1 JoyamvFanin
Wivdeyafiedinmneunisesnuuuvielefuuy T-
Type Iﬂaﬂ'wmﬂ‘uaaﬁ"w%mwlﬁﬁna?aﬁaﬁ i
1 dl CH,a=67% lagdsunnsanusuvesiigdininly
Uandnindu 2 mH,0 %38 967.613 mbar ATy
duvis 84% wazgauull 31.6°C muadiu Awindla
AMUSDURETININE (H) 33,500 kJ/kg
2.9.2 msanudasieled
Yiasessusindaulawisledliannsoldidewmas
Saufuiednnls Feeenwuulifidneazifuwuy T
Type lagldvuriniduniugudnatsvesiafinedanin
Uszanal 10 mm. faguil 4

JUN 4 mifiansvielefiuy T-Type

293 wadaeuinieeuisnFivaltidomaesausuiney
T

nadoUMALSTaUTTRLASasTinauladltaunold
Fodasawld irdessudiiundaudandunioseusd
Enfwa 4 damar 1 gu Bviedaydd fu DI-700vUTA
353 cc. 7 HP Tnedinuvawioledlmduwuu T-Type ie
v‘iwﬁwﬁwauﬁ"w%amwﬁumﬂ'mfiauluavﬁ’lgjﬁmLMLW’J’
YoaA3essus wsssnndalnfimageuiinnusiseu
500,1 rpm 3 kW naaeuiitidsluilisneg fufiunise
Juntay 40 watt Tnsusuldldmedaninainiiaad
wiassudldiAnnisten(s] fasnsinisauUdesingiy
Awa warfedinan wsenulnin nszualniuaruSune
Aalode wmaauﬁqgﬂﬁ 5
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Lymaduing  2.Unsalusufitg 3.gas meter sUT 7 ifuuseifunauan 1wy W 4 mm
4.vi0lof 5.31ans 6.\A303UA ’ ’
7iwdesrdalndh  sladfiwes  9ueudimes

gﬂﬁ 5 sVRABUALSIAULIATDIUR T oINE T LAY

2) wWasunsassidalaenis@ahiufiwan iy
yasuidameiiiisunangunsalssuuindiuiemaseen
wazAnsgUnsalszuuAssdaluy DC CDI ivuitewduy

fegann 5
gunsalgnsudndamadlunsyuenau

2.9.4 N1500NUUUMITULTINDI Y

YoyafaTinmildfedinmid CH=67%lne
USuns anudwvesinadinmludendnwiiu 218
mH,O %38 1191.7mbar AU A/F= 543 lay
i THruaasyimesfemuuuudeguil 6 Ao
wWushgudnatavesnenon (d,)10 mm, Wurgudnans
YDIANTYLINBITY (d) 17 mm ushaudnansvesvie
@309 (d) 2 mm 91w 4 § TeUADABNA f?]y’qaamﬁ;m
seidndl 35 eamAouquUdnIBUY fiAduLsaTey
\A3038uA 1500 rpm.

B ACEN T 8
5UN 8 ’hauivinmslaiuiieuseuios

3) Lﬁuqﬂﬂifﬁ Venturi mixer gas WaUAHIAIN
fuemadhviesnlwsiveselasud wiemsysines
fines Faguit 6
29.6 wadevinIesgudiandimadnutanuunsoseus
whalesuildidamaeratanm

NAADUMIALTTOUY VAT RIBUS TifauUaaIn

a '

\WesEUmANAa 4 39z 1gu BvedengdT u DI-700

LY
]

UM 353 cc. 7 HP Lﬂum%‘awuﬁl,l,ﬁ”aiﬁvaummzLﬁm
freUsznelil awnseldidomatanizfiedanwld v
AsNAEevALSsauzItuAIfy wuuldideimaesay
Anusseuasaadndaluiing 1,500 rpm 3 kw
nagoURmacliiieneg fuiunisstuadiay 40 watt
Tneususamaunanematufiedinmieaninisgn
suidn WaTessudvianuldussansamgaan nsns
nsauUdesdiedanmussiulnii nsvualaiiuas
Usunauialewds wiliinsiasnsinisaundosningu
Fownaa

35U 6 WAneTUAILA VBIRITULSINDSNY

2.9.5 n15anuUadATasgudlngnni Uan3oseuiniya
sThumSaseudusalaa Ul dosnaI e T
FailnsanwUaaumsaseunsal
1) WasuanI1d@un159m (Compression ratio) ¥e4
A s a < a oA
\w3oseud laeaiitysHAurigudn 1 uiy adumun
4 mm ynliensarnnsenanasidu 9.88: 1
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3. nan1sasuazanUe
VAEEUTiANULSITeUVRLASDBURT 1500 rpm
winfuanuEiseuadosidaliii fsasmavomgiad
1:1
3.1 HanI3398
1) Han1sNadaULAI 0B Ui alEnl i oInE

6 )

sufufedinmldiadecsudidndioa 4 famzl gu
D9fefing 03 Ju D700 vum 353 cc. 7 HP lnefautas
vieloRlmdunuu T-Type Winselngldvaoalnily iud
a 40 Watt Uulvldfnatanimanniiand in3ossudlyl

Winnnstien lananisnageudansmsui 9

25 T “’3
= ]
& 1 T
20
G
= i
@ ] T 2
Eﬂg -
s 15 +
= ]
e 1 1
=
2 |
2 0
= 40 rl
2 -y
g -
33 5T +
= 7 .
&= ] #FE ok
~
z i
© 0 ++Tt+rt+T+TF+ T+t T+ 0
o o 9 o o 9 9 9 9 9 9 o
S 8§ &5 8§ ¥ & & & & & & S
- & & ¥ v ® & 8 % & S
— = < & o

A3 (Watt)
—o— USunauiwaiilé(cc/min)
—m— USinafnatnndlditer/min)
AuAUAB RTINS IE(M3/KW.hr)
—H*— U5EANTNNTIAINTOU(%)
AuAwUAsahsuRigas e (iter/KW.hr)

SUTl 9 aussauzvesaTeseudildidoinaston

Snsdruseninshsudimaiuiadanmiusulsd
uingaadesoudldiinnisdond 30:70  wagld
UszAnsaimdsainudou 18.49% fintdaadasaus
3000 Watt $nsinisaudeadewmadsisiufiea 10
cc/min - §n51n15awUAs Ll InAsRwTa 24
liter/min AuAuAsudomasitufiwasng 0.20
liter/kKW.hr uaganuauUdoaudemasiedanmsmng
#@n 0.48 m /KW.hr

2) wannInadounIessumansatawlandu
n3espudufaleduildidoinasiivdinndaudas
\nSespudidndivaLndoaiudiesingDd u DI-700 v
353 cc. 7 HP WuuiaIessudufaleduignszidade
Usgmelil sansvaaeudansnigud 10

25

FAwTIn N
N

(@]

|

3 15 ¢

N

=

AETY

g 10

c

(o

= 5 - i

@ !

2 7\.\._.__.
E

=

u% 0 T T T T T T T T T 1
& 40 80 120 160 200 260 320 380 440 500

Mg (Watt)

—o—U3unaufnadinn(iter/min)
—— A uduUaestigdnmz(m3/kW.hr)
UsanSnmiaennusou(%)

JUN 10 HANITNAADULATOIEUAMITINN

NANISNAADULASDIBUALAUSE AN AT IAINUTBU
A9an 6.95% 7INNaa 500 Watt 9msiAnuauUdaeiieg

mmwﬁ?amﬁq 17 liter/min LLa%ﬂ’J’]@JéﬂLUﬁ@ﬂL%’@Lwaﬂ
§umny 2.08 m*/kW.hr desninsididomassa

3) ilemanismaaeuIAI ot R IADILU LT
Wiuifisudinaniud 11 inTeseudilfidomassaniy
w3assudfildianziedinin Teussansamidemany
Soulndidssiuiiniszarusingy Tneuszansainds
mm%’aum%aawﬁﬁwmwwﬁ”w%aquuﬁmtﬁﬂﬁaﬁ
witASossuAfldaInassananunsavauiinissay
1NN daIessuifildansietanngiinuiinisy
Nulagegalidiiu 500 Watt
4) nsAumauyudenisldndulagimun

Waulusall

D &

n) Aadanmitlsdoguéalifnsaduyy
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