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Th..:- AsiJI1 Coni"crenl.:.e ,)11 SUSl dll1Jhili lY. Energy anti the Ell\llrnmllcnl 

Oriicial Conferencc l'll)c!.:Ldlng '> lOll 

Abstract 

[ll Thailalld 10Ini Jwry pig III I:mll IS <:s(im:Hed to be 5.4 milllOll, mostly 1.574 f.) fIllS IS 
medJum 5c.1k. which arc .1pprnl.:lll1:ttdy 2 . .1 million of pigs ilnd 140 l::trge fam)" w..: re I.S 
mtllio ll of p Igs . The wastC\ ....a(.::f generated III the farm cause sIgni fican t environmental 
problems. [lloga; tcchnology h<"ls bee n snld ied and applied HI small , medIu m, ~.nd brge 
sca le projects. Operdtecl as $;m all businesses or cooperative:;, there was several ways 
biogas tcchnology can benefi t a com munily . Th is research was prese nted a 
development of clcctricfll gcnerauon sy~tcm for small scale pig 1~1nll. COI1~ldcr at 50 1l1 ~ 

of fi xed dOl1lc. Biogas llscd to bl! the fue l for us;! d gasoli nl! engine 150!) cc [0 dri vc 
induction gencrator, 5.5 kW, 3RO V, 4 pole, wit h grid connection. FrOlll lhc experilHenl. il 
had found thaI the rcl:1tionsh ip bt!twecn speed of inductIon gen era tor, elec tri c::!1 power 
5upp ly to grid, for find optirni7ing POI '!! of induction gcncratOr work clone. The 
cX j.l~TJment supply electrical power 10 grid and comparison of electric,,1 cost wi th <lnd 
\\"itlloul el ectrical generation systelll. The resu lt showed th:1t 70 % of electrical cost was 
s;lvcd when the system was connected with the electrica l generation system. This system 
have [)aybtlck period al 2nd year. 
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R~'lll' \\ ' ,ihk ) iI":lg\' h ":Ih.:r;.!\ d;.:!!\..:d (r'llll I',.'<:nlll\:~·' Ih.11 .!r..: !..:g..:n':!:I:1\ l' (.: ;~H ,Ji i l'r:h'I I(.d 

l'll/p ' )~L',> ;lun J..::rk:llll~ 1';>,111.: en\ 1n1lIlJh;m.llh hL'Ilt;.!1I Il~ th..::..;..:: -i1l;lIHI': :o, fl'I1.:" ,Ihk \.'!~ :i ~' , 

"J,I,-.: ...... ,Jr.: (IIndJllll.:tll.llh' ,ilff..:r..::nl fr')lll 1'11:-'';11 I'll..:! ... \].lI1kll1u·" tradlllOna! \1:-.,.> 1'( \\ 1Iul \\ .11-. 1" 
,Ill I ,,)I.1f L'11':lgy and !!cotllt::rnl;\l ar..: Rcnc\\.lhk ['n;':l,~) h cn..:rgy derlv~'d (rolll lc ... ,ll\ro..: ... , Ill;! ! .1rL· 

h:~ ... n,'-:HI\ '; ,II li)f ,1IJ r!.lt:llt;'11 [1I1I1"1u:,>,,::- n'l1l-dcpkung h..:"iue ~'llvlr\)nlllt;n!<111 ~ h"': IlI:! 1l II : 111..: , (' 
IIU:1!1i](' ", n.:n~\\'dhlc l!:'l":]'c!V ",)urn::... :"In: (und:tmcllL\ll" dI11~n:11l fmlll f()"SI I Itlcl ,; \ 1. ~tl\.; l ll ll · , 

lr.\,!ttHIJ1.11 u:<·... Ilf \\ lnd, \\-;lta, ,lIld ..;nh! Lt1Cl~~ ;lI1d !!':lllill:!I!1al :I I''': \\id t.: -';PI'C ,I!l It I LI~'\..:I.)[1..:d :~Il,1 

d~'\dllpln)! .:oun tne.... hilt the 111:10;;, p!'ot!IICII\)t\ or ":11":1~~) thing l 'c nt: \~ :l hk ~' tl ... n!\ ~ 1\1I1L.:"':' h'I' 
h,,:c\II11<.' nlOr.: ..:otml111upLtct.: r..:..:cnlly , r..: tlc..:! ing. th..: m,lJl1f tim.:al:' \)1' cltlll;He .::hall,!.''': . lll'pk li()!l .II 
ti.;,s !1 fuels :md the ell\ 11\l!1!l1C)l\3!. ~ocill i and polluc:lj n<;k" o f los,>il fuek COIl\Ll'jll(!))t ly I)l~\ny 

CO!H1 III ':: :O; prm110h; !c!h.!w3bh: ..:ncrgie~ Ihrough !a ;" Incen llveS FIno su bsldic!' The h)ic (If n<.:\\ and 
1\.'Il ":\\~lbl;.: c\lcrg~ has h1,~ ~11 ,~5~Ull1tng incrc:bing il,!!lllfical1cc III recenl t llllC" \\ltll 11K grnlVl!l )l 

C()llcern for Ih..: COUlll!)" :, ":l1crgy <;ecnTl ty_ Vice vcr..;!! frac l ion remains o f CIHl'it:qUCI1I.:c from 
;1 ;lnL'u!tural IIldwmics and garb:lgc frolll human and :l11t!1!aJ proouct lv lLY can be ll'>cd ;\s <1 [t! t)c \\'Jhk 
t.:1I<':l gY 'il)ltrce In :-: T il ! ..: \q!1 help I11H1JlIalll encrg~ i\; ... Clllr<:t:5 rrom llalUrt! ,I'" llot tn deere,l \ e A nd 

m~j ntJin Ihe bal :'lncc oi'the world 

Si nce Ihe 19-10'$ and World War 11 , J/owC'ver, only ,i nc.:: b~comlng :I cdlcgory of approprt atc 
tL.!clln ,}I\)gy ta comt1lunity Jcvc!oP!ll~nt concept of the 1970's) have biogas Systr.:1l15 cllJ oy..: d 
widespread sliccess ,lJlU fa ilure. Why should biogas systems contribute to the cOl11muni ty 
development process in both the de veloped and dcvclopmg worlds'? 

T llI~ n.:: ~cn rd: wa_~ pre "cl ttcd a development of electrical genenltion system for small scale pi g f:-mn 
111 Thili1:!l1d rur31 <In:::J _ Bloga~ used to be [he fuel fo r gasoline engine 1500 cc to dnve induction 
gr.: n ~ra ! or, Small ~ca1c _~ystem the lIlducuon g.cn..::rato r was opllllli z3tion. Because, low cost ami \!<lsy 
to ll1 o. l lltcnance th:Jn 5ynchronous gcnerJtor. 

2 T heory 
2. l fl logas 

Bingas produc ed in A D-planl s or Iilndfill s ites is primarily composed o f mcthil !lc (C H4) and carbo n 
dI oxide (C0 2) \.... i[11 smaller :unoums. of hydrogen sulph ide (H2S) and ammoni a (l\l ["h), Trac e 
'-l luounts of hydrogcn (tt2), nitrogen (N1), ca rbon monoxide (CO), samrated or halogenated 
carbo hydrates and oxygen (02) are occasio nally preselll in the biogas , Usually, the mtxed g:1<; IS 
sJtunHed w nh water vapors and may conlain dust part icles and siloxanes, 

Table I B'IOgas componcnts 
Type Quantity 

50 -70 %Methanei CH,~t 
25 - 35 %Carbon diox ide (C02 ) 

2 - 7 %Nitrogen (N2) 
t - 5 %Hydrogen (H, ) 
Slig!!.t!.L_ _Ca rbon monox ide ( CO ) 

Hydrogen su lphi de ( H,S ) ___ __..5J.i~tl~ - - ' ~ -- --"- . . .. - ­
____________________________L-____Slighll y__~I Other 

~- -~ 
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Fig. I Stage of mechanism o f ex traction 
-S tagy I l-I ydrolYSI~ Process 
Ib ctc ri a break down complex organic m:Herials , such 3S c:]rbohyd r;ncs and Ch 311l mokcu lc$ 

fi' ll it acid l1l<ltennl , prOicin and fals. The di sintegration produces acctic acid , lactic acid, botan iC 
;}cld, methanol , ethanol ~nd butanol , as wcll as c:lrbon dioxide, hydrogen, ! t2S and other IlO Il ­

organic materia ls . In th IS stage the chief micfo-org:J11 ism are oocs thaI brcak down polYll1 el''' , fillS , 

protem .. and fru it ac ids, and the rnnin aClion is Ihe bmanoic fcrmem31 ion of polymer 
-S t:l gc 2, Actogcllr.:sis Process 
tn this stage, bactcna produce acetic acid and produced hy,:rogcl\ and carbon dioXH1c 

popub llon in to biogas, 
-Slagc J, Mcth:mogensis Process 

The ';1J\lple orga nic materials and carbon dioxide that have been produced afC either oxidized or 
reduced to nl c th,lO)c by micro-organisms, the chief ones bcing the rnclhane producing 1l1 1crO' 

orga ll1sms of which there are many varieties, 
ThiS stage may be represented by the follow ing overall reactions: 

rndividual reactions incl ude: 

,\ cid breakd()wn Into methane. 

OX idat ion or ethanol by COl to produce methane and acelic Jcid , II 
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fig . 2 Individual reactio ns Ill clude 

.II. c;:).n:ful bal;) llcc "h(Juld b~ maint:"li ned between the two stages . If tI le first stage proceeds al a muc h 
high.:r nHC Ih:1Il Ih!.! second, aCid will Jccumularc and inhihit Ihe rCllllcntatLon in tht: second <; I:lge. 
slow It do wn and actually stOp il. 

2.3 f ixed dOlll c di gester 

Biogas is L1l 3de by fcnncllting Qrganic waste in a biogas digester. The SIZC of :1 di gester C;tJl vary 
from a small hOll sehold system to a lnrge commercia l pl an t of severAl tholl sand cubic meters. 
Simple bioglls digester designs ha ve been developed; the Chinese fi xed dome dig~slt:r aud tbe 
India n Ooating CO'Jer biogas di gester (ShOWll in Fig. 3). The digest ion process is the sam!.! in bmh 
digc<;tcr5 but the gas co ll ect ion method is differt!nt in each. In lhe float ing cover type, the water 
sca led cover of th e digester rises as gas is produced and acts as a storage chambc.r, whereas the 
fixed do me type has a lower gas sto rage cnpaci ty nnd requires good scaling if gas lCil kage is to be 
prevenred, Both have been designed for use wilh anima l waste or dung. The waste is fed into the 
digesiC' r via I.he inlet pipe and undergoes digest ion in the diges tion dl<lmber. The te mperatu re of the 
process lOS quite importa nt because melhanc-produclllg bacteria do Iht"lr work best at temperatu res 
between 30 .- 40QC or 50 - 60<>C. It takes from 2 to 8 weeks to digest a load of was te, dependmg ('In 
the temperature. The left-over slurry is removed at the outlet fo r usc as a fertilize 
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!, -l '\ kl hau c J'nlduuion 
\ Ir tlghUl~ "_'" \1r.:,II,ol)\\; 1I nr ,;) rgaili c m:ltcna\" in lhe prl.!sence of OXygl!1l produces CO ! ,md in 

;!h~LI1CL ,\f 11 plndll":";" !nL'lh,me. TllII' il b cllll,:ial to have the nl()g~l " pit airtight :md \~;lll'nl gl1\ 
- TC 1l1p~r;IUlrL . T(,1llp('r,l!u r~' for r~nllCI1IJtlO!l will grc:all) "fteet b ioga~ prndtlCli,11l Dq1":lldil1 ~ 

, )11 PIl: \ :Jlling LI)IlJlli, lIl :; mclh;"\JK Ciln be pmdlJco.:d \\,;lllIn .1 f.rl1rly wide (,lIlgo: 01 to.: mp.::r:llu rc,, _ 
II,HI·cI.::r . 11\e: 1ll1L:r0-oJgalli sl1l<; whi ch take part 111 methane ICrlnelHatiol1 ha ve IhL' Optl ll)Ulll ,H: lIViIY 

,11 _,0 C-40 C. Th..: producllon ofbloga~ i<:: fa-;h:;!'1 dnnng ~tllmnc r :lIld 11 dccr..:;hl! -; iH I(I\\;CI 
[I!mperaw rcs durlll g winter Also methanogcnic micro-organ isms are very sensitive to temperature 
ci1(1 ngcs a sudden change exceed ing J ' c wil l arfec t produc tion , therefo re one must ell sure relauve 
stabi lIty of temperaru re . 

- pH ' Thc micro·organ ism rcqui re a ncu tr:l l or mi ldly ;']kaline envi ronment wi ll he detrimen t il 

\ni ) ~ I Cld IC nr 100 alblJnc environillent WIll be detrimenta l. Ideal pI I va llie i~ betw~cl1 7 0- l' 0 btll 
(iln go up or dOli n b} further 0 .5 The pH value depends on the milo of acidity 3. 11d Jlkall 1\ !!y '-Ind 
the cacboll dioxide conten t in the hiogas digestcr. the dcrcTlll1 11ltlg facto! be ing tlie dcn:; ny of the 
<!c i(l$ . for the nOnlla l process or fcrrncnlat ion , Ihe co nCCnlralJOIl o f vDl atile ac id measured by acetic 
aCId should be below 2000 parts per million, [00 high :l cOllccn/ ration will great ly inhibit the :Iclion 
of the !l1etlmllogen ic mi cro-organisms 

- Solid Contc1lls: Suilablc sol id contcnt :; of r~HV materials are 7-9%. Di lution should b;:: in the 
ra lio of 4:5 or 111 equal propoflion . 

- erN ratio: A speci fic fi:l.l io of carbon 10 nilroge ll must be ma llllai ncd between 25: ! and 30: I­
The ratio va ri es for di fferenl raw materials . 

- Wa ter Content: Th is should be (lbou{ 90% of the weight of Ihe tota l contentS_With too much 
water the rate o f produclion per unit volume in the pil will f(l ll, preventing optimum usc of the 
lhgest·c r. If the walc r content is too low, acet ic acid wil l aceullIula te , in hibttmg the fcl"J11c Il tali on 
process and hence production and also thi ck scum will be f(Jnlleci on the surface. The wat er conten t 
d iffers accord ing to the ra w material used fo r femlcntation. 

- Nature of organic mntcrill ls : Ma teria ls rich in cellulose and hemi-ccllu lCl se wi th sufficicnt 
prolenaccous substance produce more gas . Complex. pol ysaccharides arc moce favorable for 
methane fOnl13tion while only prolenacous materials produce little quantity of gas. Li gnin as such 
does not co ntribute or tllc gas production. 

- Supplementary nutrients: In case of pig dung, as ir contai n all lhe nutrients need by organisms 
ror th e production or methane there is no necessity fo r addition of nutrients to it. 

- Reliction p~'ripd : Under op timuill c ()l1 dit io[1~ :;:: O_Qonl,) I)r loud ga.... pm JuCl !UI1 nr l... (,b1 :lin-::;.[ 
with in a period 3-4 weeks. Size of the fennentalio l1 t<lnk also decides llle reaction r;criod. 

- Gas ou tpu t: The exact amou nt of gas produced depends on various factors. In [he fi rst instance 
Ih e al1loU!~t s of anin1al droppings vary from ani mal to allllll a), reed g iven to a nim al, season of year, 
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Th~ tt"dlllOlog~1 of Induction gcner,Hor 1"- b,lscd 1m th~ r..:I,l1i,,:I) lll;l1urc ej,:'C![J(': 1l1llltH Icd1Jlnh,.'Y 

Indu(;llon !1I 0tOf" ar.: pcrhap-; Ill.: \)1ost Cnl1 1!1HII1 typcs t)f cl ecl nc illotor... lJ~.:J Ihrllllghllul Ih~' 


Illdu.;! r},. Eady dt:v~lop!l1cllls III inducti on t!c!lcrator:-. \\'('r~ mJde llsing tised cap,"!ci((lr~ ~: l r 


( .\ .:: !tJ.lion, "JI1c t! suit:lhle aCli\'..::. pO\\"l,.:r dtt,·icc.; wcr!! litH ;l\'adabk: . Till, r.:o.;ultI.!J til unS lable jl()\\ ( r 

ou tpu t :'>I!lc.;C th e L'XCIt;)UOIl could not bc adJII~tcd a ~ the lOld or speed deviated 11'olll lh~ 1l011Hll d 

, allie s Thi~ appm<.n:h bC";<lIllC pos",lhJc onl~ , '. here rl large power :;:;y:>.tclll Wllh Infinitc b l1~ \\d~ 


av;·n !:1.ble. such ns In a utility power S) ,,(;::m. In llllS ca se. Ihe CXClla ll\)ll was proviJed from lilt' 


in!illllC bus . \\11th the aval1::1!lllllY of lllgh po\"".::r .) \\' ilci1111 g .le'.l ccs, mdllCl1 0n gc.; l1 o..:rJI Or (,m bo..: 

provided with adjustable ex.cilation <ln d orcrate in isol at ion in a stable manner wi th ~ppropna tc 


c0l1 lrol 5, 

lnduCi JOll generalor al so ha, two clcc[romagnetir components ; the fOW ling magnetic lI c!d 
conQruelcd lI sing higb conductivity . 111gb strength bars InCJ(~d in a slotted Iron core to form J 

.~qulrrc l cage; <lnd lhe "\l:llion,lfY tlml:lturc simila r to Ihe one described in the prcvio1l5 par:'lgraph (01 

Pil l technology. Figure -I shows the l:OnSIIl.lC1iOn Of<'lt)'pl ca l induction gcnernlor in 3 eros";) sect ional 
Vj\.":W . 

'->U'I .',"'", 

" 

f igA Squirrel cage induction genera tor cross -sect iona l vie w 
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2.~ ( ; 1"i(j CO lll1l.'Crcd fll ductioll Ge lll'rU[O r 
h1dut.:llon rlIa~hint.: .:onnecleti to grid "y~tCJll U\(.Iut.:iton 1ll3chlOC\\·o1s operating as moW r. l-"... d prim... 
11l0" (; [' drlvC I) Illdliction Illachl!l e han: rotor ;;pc..:d than :;y nLhron()u ~ ~r cLd (" ';1 -, 1'< ) I lld \l ~·[ Ii\l l 

macbmc opcr:Hlng as gl:nerator. Real power supplied tn grid system and grid sysh.·;n SUpphLti _10..:1]\ ·..... 

p<)w..: r til 1I1dUc l!Oll machiile used to cxc !lcd clt.: clrol1l:J.gnl.!tic fie ld . Output VOII:Jgc :lIH I I) lIlpll ' 

rr.::qu<!n..: y ,,3mc J\ grid "ystCI1l 

.. 


fig . 6 Grid conneclion 

2.6 StJriolia ry cngines (CHP) 
Biogas can be usen fo r all .ipplicatlons designed for natu ra l gas, Not all gas app liances rcgulfe the 
same gas sla ndard ~ . There is a com; iderable diffcn:nce between the requ irements of station ,l{)' 
b!ogas applicat ions and fuel gas or pipel ine qual ity _The utilization o fb iogas in intemal eombusl :on 
engines is ~llong established am.! ex tremely reliable technology. Thousands o f engines Me oJlc:rated 
on sewage wo rks, landfi ll sites and biogas installati ons_The engine sizes range from 45kW (whIch 
corresponds to approx imate 12 kWct) on small fanllS up 10 several MWon large scal e landfi ll sites 
Gas engincs do ha ve comparab le requirements for gas quality as boi lers except that (he l-h S should 
be low.:r t (J gu;u,lIH.;e a Icu:;0llabk OIKI'CHi vl1 111lle of lhc cl\gjn~. Quo engines deslgnc:u Iu i-\l1l O~ I 
petrol are far IlKl rC susceptible (Q h)'drogcn sulphide tha n the more robust diesel engines. f or brge 
scate arp!ications (> GO kW,I) diesel engines arc th erefore standard Occasionally, organic siJicfl 
compounds in the g3S can creale abrasive problems_ If so, they should be removed. A die"el engine 
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Bio Gas II 
' . Gndhrl£n<n Prime MM3'• 

JI • G:n ,,<:rtrr ., S\5!B11 

r- ig. 7 Expc !"1l11cnta l scnlp of srnall scale pig farnl 

Compo nell I or biogas tor test system: Mcth;mc (CH4) 70.4 %, Carbon diox ide (C02) 24 .6 %, 
Oxygen (OJ 0 3 %. Other] 4.7 % 
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fig X Sp..:cJ ;JIlt.! Ol i lput \ oltagc of induc\JOII gl:lH.: ralnr 
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Fig, 9 Speed and o utpul current of induclio n generator 

Tl1 cr~' resu lts In fi g, 8, fig, 9 show speed of induction generator, output VOlta ge :lnd OtHp UI Cllrrent 
Induction generator supplied power \0 grid is 1500-1 740 rpm. 

• __ :.1' -"'" 

, 

I\OU I S20 15 ,10 IS60 l 'iSU ]600 ]620 11;>10 1660 16l!O 1700 !710 ]1~0 

Fig, 10 Speed and output power of mduction generator 
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There rc',ult In fia In ,1 \ J7 ..W rp lll. 111ducilon generator '\upphed iHnplli [1\\Wcr.11 nHe power 5 k\V 
F1l1u OpU!lIl/dUO!l p\lllli for operal~ 1111:- =,}':-t":Hl 
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Fig. 12 Efficicilcy :md lime period o f induc tion generator 

From the resu l! in fig.12 optim ization o f time period IS 14 hour per da y and 80 % efTicicncy of 
induct ion generator with engine A and optimization o f lim\! period is )6 hou r per day and 80 % 
efficiency of ind uction generator with engi ne I3 . Since was ca rburetor engine sl\itably to biogas. 

5. Economic An D lysi~ 

Inductlon generato r has 1660 rpm. of speed and output p()wer supplied <1\ 4.5 kW. Biogas flow 
n\le 0.00082 m3/s. One cubic meter ofbiog~ .... IJ:l:" :ncrgy 2 1 5 MJ. 

p., ~ 21.5xO.00082 
= 0.01736 MJls 
=17. 63 kJ~, 

= 17.63kW 
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()llrI'UI p,m ( 1 1".1 ;; k\\' \ 11 h,\U f 

-0 q 1-.\~·11 p":l d.l~ ;md Ill?l) k\\ II p....1 Ilhllllil 

unit 1' I!CL' -· 3. :; IJahl k\\ h. Ft.,., OJ/ll';J I~; dlt,).; \\ II 

·1:kctrl(,11 P\lWCI Price '-' s . ~:n Ibhl, 1\ lolll h 
-1'( .,.. 9~O n :Jhff\ll onih 

- Vat ... ,17':; .1 4 H:\hl lMonlh 
TIIIJI S:IVC I.:llst p~r llltl1llh -.2()"l-l.J BJhl'\l nnth 
Tmal ~.) \t: en,,1 p.:r yl.::'Ir = ~ ?20o 'h rtlh tl\\ Olllh 

11l" 1;lll:l1ioll..;n~ 1 

- 50 III ~ Oigcsh.:r ~OSI = t(h,onO D<l.11I 
- Ekclnclil gencr;lIion system = , 4,000 Ihhl 
- Tot11ubtallatioll cost = 120,000 Uatil 
- \fai nlenanees cos t = 20,000 BahtIYcar 

Interest ralc for SME ill 5% per year 
Nl!t present value present by 

NI'V • TIC - ~ [ 7,_, 1 
f:', (1.;. 1)' 

TIC =Tota l illstallallOIl eM( 


To "" 1'0(0/ Cosl in evel)' year 

i = haerest rale 


{ ;: Number a/yea r 


Payback period present by 

~ R, '" TIC 

R, = Tolal receive cost 

T Iab e 3. Economic analvsis 
Year IIlCO IllC expense TOIal 

0 0 120000 -120000 
I 87,209.28 20,000 i 64.00884-
2 87209.28 20000 60 960.8 

Net Present 
Value 

-1 20 ,000 
-55 ,Q91. 1(' 
4 969.64 

R, ~ M.D0881 + 60.960.8 = 124. 969.64 Baht 
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