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1.J'VI'VI 1 

o 
'U'VIU1 

n'"ln~11 'V1ij L~'fl L 'I"l~,n111 ~ Ln CiI'I"l~.!l.!l1UI"1'd1lJ\'flU~':)~llJ1~(l L'Li~tJt.!l ~mi1 unJ'W ~':)':)1U 
., OJ 

, , ... 
LLUU~U1 L"1IU 'I"li':)':)1ul~Yh 'I"l~':)':)1un~ 'Vj'~''fl'l''lI:f':)':)1UltJ~U1 Lm~':)"lI'fl.!l'l"li':)':)lt.!L~'flLVi~':) U1LLrl 

Lo['fIL'I"l~.!l~1n~'fI~:jj~ L~'flL'I"l~.!llOl1n~'d1l1'W LUUMU L~'flL'I"l~':)~'fl~~~ L"llu ,hu~u ,f1~Utlb(;J~L~tJlJ 
, , .. 

fi 1"11 fi:l'~lJ&1I1 ~LUULL 'V1~.:) 'W~.:).:) 1U\-1~n~lJu~ui!1lJl1-i!lJ1 nVi~CiI vh 1.ih11OllOlUUlh11"11 ~.!l~ULL~:::il 
iii .. 'II qJ: 

mlJ1W~CiI~':) LLfI:::'fl11OllOl:::\-1lJCill'LiluhHh u'fIn~1nrl'n1nr.J11\-1iJL~'fIL'I"l~':)~'fl~6D~U':)~11.~Ln(Plrh"1l 
, .. 

1"11 foiJ'flUll7l'fl'fJnl"11vl ~.:)rllU~lL'V1lW11'fl':)n1nOCilJl1'd:;~'flUn~:::.,n (Green house effect) u'fInlOl1nllu.!l 
q 

t II I I I 

ilfll"11Vi'MflU1 ~'dlJ'i.:) ~U~:::'a'fl':) LL~:;L "lIthVl LO (Pl"'l1 nn 'wL~11 '\.nJVlhj~lJU:l'ru'a'a nlJ1~'dtJ ~':)Yh 1 ~ 
q OJ 

'" , ...: '" '1."1'''' "" .J' '" dI 1. ' .J' LM1~'i'lnT:;~'I1JM'a~-1U,'d(Pl'i'l'alJ bU1J~IOlut.!n1j'l"loo.JU1L"1I'fIL'I"l~':)'Vl1.!lL~'an 'V1lJ (Alternative fuels) "lIUlJ1 
q 

'tJTI-11ULL 'VlU~,fllJU~ULUU~~~tJ~:;L 'VlPl~oo.JU1LL~'dW1-11 ..r'd bfln 'fl1~ L"ll'U ·tm1l'a LlJ1n1 LtJ'fl:l'lTU 

~':)fI~M LL'i'l:;~~U rhi-11.~m1lJ~ul~ lL~:;~1LUU-11u'.)r.rm~'a~':)LI"):l'1:::ttL~'aLV'l~,:)U:l':::L.rl'Vl't'V1~ ~1f1 
1'!?lQ~U[7J1-11 'a 'a fllJ1 nU'ar.i1.!l LL'I"li\-1'i'l1tJ M'd'aU1':)"lIfl':)Lof'a LV'lii-1"11U(Pl~1 R'Y~i'd L'i'ln n1~.!l 'l ~ fPl'd1lJ~U't~ 
~ '" "" '1" ,d' ... '1 'i' dI.J' "",.j 'i' d 1." "" .. d' .. 
f1n~1LL~:;'d~tJ'atJ I7mn L"Jj'flL'I"l~.!l be:lbCiljL~U fl'a L"ll'flL'W~~'Vl~:;'fl1I7hCilm'U'W1:;LlJ'fl "lln'iJL"1I~~H"ll'flL'I"lfl-1 .. 
~:;hl rl'a 1 ~Ln (PllJ~-W'M'tCil1 j'dlJ~-1UnPl~1 nn1"11fl1fu'a'U117l'fl'flfll"11i7l~ LilUfl1"ll ~'flun:l':::"m LLfI:::LtJU 

M'WmM~1R ru"1l'a.!lJl1'd:;L~n~'fI'W u~:::L'VlPll'VltJll1H'fll~LmtJu"lI'fI.:In1~'t~ L'Vl fib 'Wb~U L~'fI L y.j~.:Ile:1Ll7ln IOl'U ~'fI . ~ 

U~::: L'Vl Pll 'VltJll LL vr'Ci-1 L~'fI L'I"l~.!l~~1lJlnl H ~~l?11elbl7ln'"lul~lJ1 nlJ1tJ 'f11~ L-nU fll "11fi~~lJ"ll1 ~ n1"11 

~'JJl1'1"l fh"11~'JlJ'dfi thu~u 'V1'1'f1LtihLW Lfl'Vl1u'a'i'l~1nYl"ll ~.!l\-11mJ:i':::L'VlPll'Vltl~llJ1Hlvr~u1 
b'Vl fl b 'W bflut '1m1:i'Lu~tJu1' l?1Cl ~'iJ l7i-1n'Ci1'd Luufl1"111e:1bl7l:l'L'"lUL ~'fl 'toii':)1U't 'LU"11 ~;bo{'fI L 'I"l~-11~ (1.!l LLiJ't U 

q . 

• I '1".J' 'i' 'i'''' .. J' "" ,_ 1 lJ ".f'1 " 'flU1 fPl(;J1J:l':;~ 'VlPl ~'VltJ(;J'fl..:J"1I'aL'V1 fl b U b~m"1l'i'l~ L"ll'flL YI~~IOl1nl?11.:)uj:;~'VlPlL "1I1lJ1 fI~~L1JUm:l'~I7l!?lU'VlU"lI'El.:j • 

U:l':;L'VIPI'fl£l1':)lJ1f1lJ1t1 :ami~n1:i'vr~ul~'VIfl bU bflU mmlh~Jl1'1"l Li'flm~~(UlJ1 L'a-1 LY1'fl1iinu1'l?1 (l~U • 
,Jd , .;. i.I .Q,.c:. ~ J d ~ 
'VIlJ 'atJ't 'UU:i'::L 'Vl PI~~'Vl1 t ,"U:l'::~'VlfiJl1'1"l"1l'fl-1:l':::iJ'iJ bl7ltlj'JlJ~-1n'd1nlj"1l'fl L'Vl fl b U t~tJ 'Vl..:J:i':;'iJUlJ1~1 n 

OJ OJ 

Wl.!lU:i':::L'VlPl ('IJ'dl7lfl L'V1'Ci1m'l"l"'lU, 2550) 
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d" J ~ Q lJ"oC:!. g:)' '1 ". 
1. ~"1!~~L"lI'f)L'V'I~~LL'IJ'IJ'V'I'fI~LlJ'fI~'fIL~n b'V1~b~I1ILlJlJLtJ~'U (Polymer Electrolyte Membrane 

Fuel Cells, PEMFC) n'l~~1~1'l.l"1J'fI~L"1!~~L:f'flb'V'l~~"1IU~if~1lJ1:i'm'1'11'WU~'l~b~'lLL~~mUV1J1ij~1 
• 'II 

t~m1lJVlt.nml'W"1J'f)~ih6~1~Yh~~~~V1Lrl'flblifJ'lJn'IJb"1l~~Li'flLV'l~~"1!UVl~'W1 ... . 
.. .1'... .... II or .. d' ....... J' "" 

2. ben~~L"1I'fIL'VH~~bb'IJ'IJ'flfl~1 b~'W (Alkaline Fuel Cells, AFC) bsn~~L"1I'flLYlfl~"1I'WVI'W"'I::lJ 

11 
~ "" ""iI "" .d .... d' 0....... II II" J "" 

~::'Cl'V1fiIl1'V'1~~lJ1n lJ'iI'f)L~fJ'VILnVl'il'W~1nn'l~n1'; V1m:i''IJ'f)'W bVl'fl'fln bGJl t?l'fl'fln~1n L"1I'fI bV'l~'1Lb~::'fI1 n1P1 

~~::eJ1'Wb~1 hlt'WLGJl~~ 

3. L6JI~~Li'f)L'V'I~~LL'IJ'lJm'''l'I/1J'fI~'Vhijn (Phosphoric Acid Fuel Celis, PAFC) ~L~nb'VI~1fll'1 
.. J .... "",J' "" •• 1 •• 1 "" 0 • .. J .... ... J 'I '-'11 ""... .d 

'ilfJ.:Jben~~LGJl'm'V'l~~"1I'Wi?l'W ~'fI m'i?lY't'fl~l'I'f1m n1~'VI1~1'l.l'ilfJ'IL'lI~HH"1I'fIm~~"1I'Wi?l'W"'I:: bVi J'::~'V1fi.rnVl'Vl 

~~~ 200 'f)~Pl1Len~b9JifJ~ Lb[J]b"ll~~L~'fIm~'1"llUi?lii'~'fI~t~~'lLj~tJfHi1tJ1LLV'l~'YI.;;,rlJ~ih11"l1~~ LL~:: 
v ~ ... 

J~t~nl':::Lb~b~YhLb~::m1lJ~'W1bLtl'W"1J'fl.:Jn1i~lvlYh~~1 
.,..J' "" "" ... 4. b"ll~~LGJl'elLV'l~~bL'IJ'lJLn~'el~1:i''IJ'elL'WInVl~'ellJLVlfl'l (Molten Carbonate Fuel Cells, MCFC) 

Lsn~~btdfJbYl~~"1IU(fIifH~'ld~tJDmm~il~1mQn t~tJ~::~'V1~1l1V'l~~~ LLf1itJDmfJ11l1fJt'ULsn~~';::LnVl 
" , v 

ad"" ... d O'lil..l.1 or"" IIi.< 
L:i''l"1J'WLlJ'fI'f)ruVlf1lJ~'1"1J'W Vl1 bVl·Cl'l'l.lU:i'::nfJ'IJ"lI'fI.:JLen~~ L~tJVl1fJ bVl 

• OJ 'II 

5. bsnfl~b:fm'V'l~~bb'IJ'IJ'f)'f)nb"ll(jj"LL.;j-l (Solid Oxide Fuel Cells, SOFC) n1:i''I'l1..:J1'W"1J'f)'1L"1!~~ 
bi'flLV'l~'1"11Ui?ld Lni?l~'W~~ruVl.Qij~-l (Ul'::l-J1N 600 O.:J 1000 'el-lPl1b"ll~L~fJ~) ~'ld-l11l)mm~h11"l1hi 
mN ul)mfJ1 Ln(fl~'Ul~ Lh~~ruVl1Jij~'1 hiihJfl nl'::'YI'IJ~1nn1:i'OcPIni'fl'W"1J'f)-l~ L~n b'VI:i'l~ ~ LGJI~~ 
btd'f) L 'V'I~-l"JIUCiI;irl1 (fI<wr~ 1~~1"'1::~1l-J1:i'mJ.1 buH LU'WLl. VI~-l n1 L UCii b v!vh b~-l..:J1'W~~ 191 n~:::LL~ b vlvh 1 'l.l 

, 
Pll9l'l~:i'~Vi 21 

n'l~'I'l1'11U"1JfJ'IL"lI~~L~'m'V'l~..:J"JIUt1l'f)'elnb"ll(jj"U"jj..:J (Solid Oxide Fuel Celis, SOFC) tJl)mfJ1~ 
Ln t1l"'l1 n nl'::'IJ'l'Un'l:l'd1'Wul)mm LL'IJ'IJ m fJ ~'l1lJ'ffl'W y'h 1 ~ A'l1l-J'f'f)'Will-J1 n 1 'Wm':::'IJ'l'Wm:l' ~'l1l-J'ffJ'W 

~ Ln(fl"'l1nm':::'IJ'l'Wm:i'~1l-J1:i'o(lm11mr'IJlJ1 tihJ:i':::bfJ"1!ui.'Wm'::'IJ,)'Wn1:i'l~ L~'W in 1UL ~l-J ~'l1l-J~'fI'U1 U .. 
~1fJtJfJ'U LLfl:::bAifl..:JUn nnu[J]1~11 Unl':::'IJ'l'Wn1~ ~:::'IJ'IJ"1JfI'I L"JI~~l:['tl LW~.:J"lIU~f1f1n 1"l1C?iLl.:n~~1l-J1l'O 

v " 
Hl~ O'IJ n 1"l1fi:i'1'lJ"lI1 ~ ~-li!u L 6Jl~ ~ ~~'fI L'V'I~~ l~'IJ'IJ'fIfJn 1'l1 C?iLb.;j'l~-liJ f1nfJll1W ~~ 1 'U'fI'W1 ~ 191ti'uln~ 

OJ 

" , ", 

~1'\!1 ~'IJ n:'IJ'IJ n 1:i'''lJ 'fI-l L'j1~ ~l ;f1l 'V'I ~~ LL'IJ'IJ'fI'fI n 1"11 !FILl;~ Vl1 ~ n16Jl1~bi?l~L "'l U"'l1 n n 16Jl~'l.n1wi! U 
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n1rU1 f)'J1~~'f:l'W~Ln (i)~1 nm-!:ul'l.!n1rth ltlbiitlrdfJ"1Iu r(nJt1,nJ~~£J [;11'11 L~LLri 'f)'lflr1n1rLVltl"1ltl'l 

L;ftlL'rl~'I LLtl:;'fl1n1 PI LLtl:::~n~ eJtl"1l'fl'l'fl'l rortlr:;ntlU"1l'fN Li1:l L'V'l~'I ~~'1eJtlr;itltlrd~vifi.n1'rl't 'LJn1reJ~ Ifl 
m:;LL~L~vh LL~:;eJtl~1nn1r~1tl'il'lr:;uUn1rl11,n'LJn~1~1rt"1in1tltlr:;£Jnm~ntJn1r'il'ilnLLtJtJr:;utJ 

• 

, ", 
1.2.1 LVitl~m~t1LL~:;~1~1:l-!lr:;UtJn1:i"Vi1'11'LJ"1l'il'lL"1I~iL~1:l L 'V'l~'ILLutJ'iI'iln 1"11 ~LL ~-!lYl1J'iI'LJ~'J£J 

fh"1l~'Jfl1'V'llVl£J1iih.lmnrlJ Aspen Plus 

., 
1. 3.1 'iltlmLll'IJn1r~1~1:l'lr:;tJ'lJn1rYl1'11'W"1I'iI~ L"1I~iL~'ilL'V'l~':)LL'lJlltltln L"1I vlLL~':) 

1. 3.2 ~1tltl.:) r:;1l1lmrYl1.:)1'LJ"1I'iI':) L"1I~~L;f1:lL 'V'l~-!l LLtJtJ1:l'f] n L"1I vlLL ~-3ll?lfJl ~ttlrLLnr~ Aspen 

Plus 

... 
"1l'il'l L "ll~i L~'ilL'V'l~':)LLlJUf.l1:ln L"li~LL~':) 

1.3.4 ~nM1eJ~"1I1:l-!l'il':)rltlr:;n'fl'IJ"1I'iI':)Lo['flL'\"I~~~tJ'iI'LJL~1L"1I~i fi'il t8lflr1~'J'LJ"1I'fl'liJL'Yl'LJr;itl 

mfll'il'Wl(i)'fltlnL"1I~UllLri 55:40, 60:35, 65:30, 70:25 LL~:; 100:0 

.t; 0.....,. Q,I 

1.4 sn'UIPI'fI'Un1'ifl1L'U'U~1'U,;)~!1 

n1r~1 LU'LJ'I1'LJ(j~fJ~:::Yl1 1fl1lJ~'LJ!fl'flUvl':) r;i'flltln 

..::Ii: oCi .... .cJ d tJ 

1.4.1 !"\m~1LL~:;r'JtJr'JlJ'I1'LJ'J~tJ'VILnm"1l'fl-3 

1.4.2 ~n'l:tln1rH~1'Wtt.ll'LLnnJ Aspen Plus LL~:::'fl'flmLtJ'lJn1r~1~'iI'Ir:;'lJtJn1rYl1'11'W"1l'il':) 
.. .1'... ~ .. <> 

L"1I~ ~ L"1I'fl L'Wtl'l LL'IJ'IJ'iI'fl n h"1ll?l LL "11'1 

1.4.3 'fl1:lmLtI'lJn1r~1tl'il-!lr:::lltln1rYl1-31'W"1I'fl-!lL"1I~iLi'fl L 'V'l~-3 LLtJll'fl'fln 1"11 vlLL ~-!l~tJ'iI'LJ~'J[J 
n1"J1~'Jfl1'Wt(i)fJlojjttlrLLnr3.J Aspen Plus 
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, 
o ~~ 1I.:r. ",. 

1.4.4 'l..11t.J~V1 bt?l:W1'lLI"1:i'1:::'VIlL~:::LL~t?l-:lt.J~ 

1.4~5 MUt:-.I~n1:i'';)r.rmL~:::';)'"I1:i'rut.J~ • 

1.5 t1'~L~1iU~F\1(Pl11~~1~~'lJ 
1.5.1 V1:i'1Un'm1:i't.J~(JJ1~:i'Lt?l:i'L'"I'U'"I1nn1"l1~'l111l1 

1.5.2 Lil'ULL'U'lVI 'Nb Un1:i',111uu:i':::un coiL~'lU~r.rULL~:::vr[?JJU1Y1i~-:l1Ul9i'fl1u'l'U'fI'U11"1{9l • 





6 

Ml1mUt.!LU1C91'f.1'W (H+) t~~~~L~nC911'f.1'W~~1~~"'I::;Qmhm'l'llutT~.ff'JbbfO)L'I'l[111'U"1Iru::;~ (ii) u~nhJ11 
~ I 21 11 ~ 

~niuVi-r'J bLfO) LVI [11"'1 ::;1'JlJ n1"il'f.l'f.l n; L"'I'Wtt~:;LtJ1C91'f.1'W1 ~ n~1tl bU'WU1 ;~ rl'f.ll ~ Ln [11n11b "'~"1I'f.I~ 

~L~n~1'f.1'U~ LiI'ULL",cl~n1Lur;] l-wvh ~~,f'W L"1i~~b~'f.Ib ~~~~~~1lJ1Hll~nJ'::;LL~ 1 'rlvh Lr;]U!nN bb~~1,"~1 
" , , 

Lih,n.J~H,J~ 19l"1l'f.l~ 1:;UU !Pl~,ru~-3hjiJ n1 nj~ ~Ucl'f.lU~1 1Virl'f.ll ~ Ln [11lJ ~1l1 '1::; M'f.I~~ LL'l r;]~'f.I~ b"li ~~ 
J' CL q II &J .d.J~ J ~~~ tJ .4 oClc:r ~J 

L"li'f.lL V'l~~"'I:;lJ~'l'UfO)~1tlmmU~ L!n'f.l1 'i:(YlU'I'l'l'l~~'f.I':}1::;Utl'W"'I~~"1I'l b vJv.J1'VI 1'f.1'f.1 b~ n L'VI1[11 2 "1I'l"1i~t1n .. 
mJ~bbUn'f.l'f.ln"'l1nn'W'i:[11tl~11'~~~1Ub~nL'I'l11~~ bb~::;bri'f.lLnt?1tJnmtl1i'UlllUlm"li~~n"'l:;~1~1Hle.Jfll9l 

11 • .!!'.! d' ~ 2-' , rr J... ,., d"l ,.J d' "".8 !'I 1>,.J 
m:;Lb~ b Y'tY't1"11'W b[11 Lbl9lL"1i~~ b"il'f.lbV'l~~'"I:::bbVln19l1~ ntlLbUl9l bl9l'f.l1' b'W ... 'J'W"1I'f.I~L"lI'f.ILV'l~~"1i~'"I:;{lnu'f.l'Wb"1l1 ... 

" " 

... J' oIC/I,QIIV (Vd, I!\ .. I aJ' .... ~.J 
b"1i~~ b"ll'f.l bVi~~lJ~n'Mru~L'Yl~1::;1.9l'J'VI'W1~t.! b'"lVi~1Uu1:::n'W 'MI.9l'l'f.lU1~ b-ll'W m::;U'Jun11 

'VI1-3b-WVhLfO)lJ~bnt?1('Wlub"1i~-6b~'f.ILV'l~~UJL1J'Wlu19l1lJn!J"1I'f.I~f011fl'W~ ;111'"hiiJm1~~1LiJU~~'f.I~b~~ 
.=:a. J .J.d ~ ~ .c:,. c tr J ~ J tI ~ .::. J 

'El W ViIll-J ~~"11 m V'l 'el'l'l '"l::: bU'Wn1 n 'rIlJU1'::;~'V1 fi1l1'r1"11 'f.I~ L"il ~ ~ 1."lI 'el L ~ ~~ 'W'f.I n '"l1 n Ubb~ 'J 'I'l 'el w",mJ Vl1 n 1 l' 
q qJ; 'IJ q -\j 

;11~1'U"1I'f.I-3b6J!~6L~'ElLV'l~~nltJ~~e.J~ lihn~ NOx ~~ btl U"1I 'f.I.!l b~tl~Ln r;]L~'f.I b'rl~,:mn'f.l'f.ln;b!9lof Lr;][l'vY'lLtI ... 
1> 1> "I" d' "'!'I ~ " "'., .. d'1 1>"" ,1', cI or '1 11 or.. d' '1 1> 1> "I 1> 

LL~'lm b"llL"lI'f.IbV'l~~l.lJU b~ b!9l1b"'lU I:.J~ 19lJlW"Vl'l'l b!9lfO)'f.I '\.\1 bLVI'f.I1"'1'"l::;lJf0111U'f.I'W b!9l'el'f.ln b"il (YlLM'I"ll'Ubt?1m b"ll 

L~'El L i"i ~~~1 ~ LUU~11'U 1:; b1l'I'lbe1Lt?1 1'fO)1 fU'tl'W U'tl n'"l1 n b1'tl~"1I'tl~U 1::;~ 'I'lftJl1Vi bL~ :::U1'11"1'"l1 nlJ ~~~bL~'J 
b6J!~~L~'f.I LV'l~~tT~hirl'tll~bn c;1~~f11'J::;'I'l1~ b~U~ bL~::;~1~11{1'tl'tlnuuul 'W«n~W:::~U1 L"1i~~LLC9i~:::b"ll~6 
lJ1 r;l'f.ltl'WbUU"4c;11 b ~'f.Il~L"li~~b;'tl bVi~.!lt.J~ 19lVi«~'I1'Wl-WVhl9l1lJ~M'f.I~n11b~ 

... 1 <V Q. ~J Q, 

Jl1V'lu1::;n'f.lU 1 Vi~nn11'1'l1~1'W''tI'tl~L"lI~~I."lI'f.ILVi~~[http://students.bath.ac.uklen2dg/Fuelcell.htm] 
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2.1.8.7 "JlUfflbL~:;UU1J"lI'tl-..3u'tlrhGJi~'J1l1Vl (Biogas Plant) U'tlfhllJl~'JIlTW bbU-..3[;11l-J 

i n'ftru::n1l'li1-..31'U ~m~tru:;"lI'tl-..3"l1'tl-..3 b~ tJ~ L1Jut) [;1~ ~1J bb~::1h::~Vlfifl1'W n1l'li1·.nUi.~ dJU 2 "lIilffl 

't 
,..,.1' 

'\-HlJ ff1-..3U 

• 

2.1.8.7.1 'l.J'tl'\-nrn.Ji1~1mj'tl~~n"ll'tl-..3bb~-..3 'l.J'tl"nrn:n1~iJn1~~j1-..3H 

U~:;bU"ll,rnuw~:;btlu~U'tll-Jf1JriubU\mr'Jhl iJ 3 LL1J1J~in ii1'tl 

2.1.8.7.1.1 bblllltJ'tlfflbffll-J (fined dome digester) 

2.1.8.7.1.2 LbUtJ~h,"W'tl'IJ~'tltJ (floating drum digester) Vi1'tl 

bb1J1JiitAb~tJ (Indian digester) 

2.1.8.7.1.3 bL1JU'W~1~~nfl~l-J~1-..3 (plastic covered ditch) 

~1'flbb1JUuinb~t11 (plug flow digester) 
.-

2.1.8.7.2 u'tl~,rmj'J~1'tlU'tl,j1Uffltnb~tJ bbU-..3i.~btlU 2 bLuu~in ~'tl 

2.1.8.7.2.1 bb U II U ~ l' '"I £ii 'J n t11 '1 't U ~ 111 'W 1. \ 'tl 'tl n ~ b'"l U • 
(Anaerobic Filter) ~1'tl'tl1'"1LftJnffl1l-J~'tlri'tlrj1 bbUtJ b'tlb'tlYl (AF) l'l')nt11-..3~'t1illi11~'"I1nt)~l'l~~1tJ"JlUffi • 
b"llU fi'tlU~u nt"ll'l 'V'It11~~n b~'\J1mr'lLfI~1::tf Lil1~l'lfflbihJ'vi'elU LtI'W~U 't'\.,!~m1ru:;"lI'tl-..3'l.J'fI~,rmj'J 

" , , 
lbuuil '"I ~'WVl1U'"l::b '"I1'ru bUlu b[;1 bbt1::b ~).J~;nJ'JU1Juur"l nt11-..311 n n !Pl1'lmi 

q QI tJ qJ 

.,. <01 

2.1.8.7.2.2 bLUUr.!b'tlb'tl~1J (UASB ~l''fl Upflow Anaerobic 

Sludge Blanker) 'l.J'tl~~m~"lLLU1Jif1-ii[;1:;n'tl'U"ll'tl-..3~1l':atAVl1U (sludge) ~Wl~'elui.~"lfl1EJ'tuU'tl~~n 

..,. IV .:::..:::. i' 

2.2 eJ~~'lU"J~S'VlLns"J~'fl..'i 

~1~f1J-..31'IJfl{mb~::n1l'~!1JJU1~ L~tJ'J~'fl-..3 nll b"1lt16 L~'tlL 'W~'lbbtJ1J'el'tln 1."11 ~LL~-..3,full ~t11tJ 
~'lu1h:;n'flunu bffltJ~1).J1l'mLti-..3'nuflr.rtJ~in1 i.~L1JU 2 ~"lu(P}-..3if 

... -.....;,..;, ~ ....... "..:l' - It " ci 
2.2.1 -31U';I'UJ'VI LmJ';I'D'a·:mU"il1J 61 L"li'a'a L'Yi'e:Jb~'a.:lLLtJU'e:J'e:Jn b'1f61 Lb'D.:I 

L"1I~6b~'tlbYt~-..3Lbuu'tl'tlnL'1iCFlbb~-..3 (Solid Oxide Fuel Cells, SOFe) h~l':;uu SOFC i'l 

:aL~n bVljfflbbt1:;~1j:a bii n b Vl~1~lPi f?i1-..3nli1l-J1'"l1nt)~ ~b"1l~1~fl~1Yi'Jn'tl'tln L"ll CFlbb ~'l m~ tiL'Vl1tJ (yttria) 

~1'flb"1l'fltl"lbiltJ (zirconia) i~I?lL~fhif'"l:;~1).J1~miJ'lJi'ltJ1:a'tl'tl'W (02.) 'qru,\,uJ~~-..3nrj1 800 'el-..3P\1 

.,. !.< G'"'" o..lt! .,. '1'" ... 
l"1lm"litJ~ r11b"1lt1t1lJ~!l1'l:;n1l''V11-..31U'V1 ~:;lJ1ru 900 'el~P\1L"1Im"lltJ~ n1~ ~~m'JtlUnflU"ll'tl'l 
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1.1 
~ A trd' ... 

2.3.1.6 j:0'I'VlfiJl1'V'1"J1'fl..,L"liflfl L"li'fll'VH.~~ (Fuel Cell Efficiency) 

U ~... tr d'" ... 'I "'I • '" "I.J' ....J A 1.,1 ~ • I !'"I 
j:::0i'Vlfi1l1'V'1"l1'fl-3 L"lIfi fH"jj'fl L'V'I fi.., ~"li ~ '\..!n11~1 f'l1V'lfl'N1'W ~ 'WL"lim 'V'Ifi"''I'llufltJ'W ~u lu'W 

n1i-!l1vFvh b(?1£J'i'dlt1~1lJ1jmL~(?1-3''WlU"JI'fl-!lUJ':~VlfiJl1'V'1Vl1-l'tln.!~'V'Iflfll1~~f (Thermal efficiency, 

.Q, ,o!;r, ~ d cv" J., """J ,oJ 
1]thermal ) tlJ':;~'VlfiJl1'V'l'VI1"''tlbW~'V'Iflfll1~(;JJ' m·J1t1Cl'" lJhnbW"lI'fl-l'V'lfl"'-!l1'Wf'l'l111J''flU'VI ~(?1'VlLL".hLUfltl'W 

l.u l U'W'V'I i-!l-!lTlUf'liJ ld'fll~'fll'V'l~-!l LLfi:'fl'fln'B ll(?1'W-nVi1Un01mn'U 

1]thermal == ~ x 100% 
MI j 

b(?1t1~ FH2 ~'fl i(;Jj1mJ'1~~L~-!lblJfl'1l'fl..,1~b(?1J'L~'W (blJ~[ij'fl';j'W1Y\ ) 

LHVH2 f.)'fllower heating values "ll'fl..,l~b(?1J'l~'W ( ~~[ij'flblJ~ ) 

2.3.2 41'it'fl·:m'i~'U'J1Jn1'i;{'ut'h.httn'i3-1 Aspen Plus 

n'lJ'41~'fl':lnJ':::U'mn1J'~htlhjmnnJ Aspen Plus 

(2-24) 

(2-25) 

Aspen Plus LtI't.!btl:mnjlJfI'fllJVi'lL~'flf~ilYf-!ln-n't.!~1V1fumj~1fi'fl-!lm:;U'l'Umj 

1l1t1 Ul~1l1'd :L~-l ~ U ti ~ 1V1f'U n r:U'l'Wn'lj t 'W'fl (;I~1V1 nnlJ Lflil L(?1tJUJ':n'flU ~'ltl;'fllJ ~ LLfl:::f'l n.!~llmi . ~ . 
'VI1..,n1t1Jl1'V'1"ll'fl"'~1nflil ilLLUU~1fl'fl-!l"ll'fl-!lwll'Jtltlnu1in11' ~1lJ1jClLL~(?1"'LLf.J'W1l1'V'1n1jl~~'1I'fl-!l 

m:::'U'J'Wn1l" LLfl:::ll~ (?1-!l1'1tJ~:::L:aU (?1"ll'fl-!lwll'ltJtllju'1in1J'tI'flut'Wllf.J'WJl1'V'1 O1l"1 Vlfl ~1~¥Ul":::UUL'fl1 
, . 

~ ...cO ... 0 ~ "'I" ... 
'1I'El-!lLVlfl'l l":::UU ~'el/"JI'el-!lL~~'J/'1I'fl"'l~~'l l':::UU"iJ'El-!lLL"ll'" lL~:::l":::uU'el't.!1 'VlO1WW(PI ~(?1t1 ~~"li ~1lJ1l"Cl'V'l~'fl~ 

nl"1~~'fllo!flf.J~iV'lii~1~~1nn11~1fl'fl..,nl":::u'J'Wm:i' ~1lJ1J't'lr'h't.!'ln.!Vl1ct'fl't.!bt't.!n1:i'tlnulln1l"Vl1'fl 
Vl1 fl1"ll'fl-!l'V'l111n L~'fl f"ll'fl..,mJn nu nl':::U'l't.!n1l"~ ~'fl(PIfl~'fl-!l nu~ 'fln1~'t.!(?1"ll'fl",U:i':;~VlfiJl1'Y'l"ll'fl'" • 





, 
l~'tI Q ~'tI rol1fl'l1~~'fl'U (kJJs) 

m ~'fl i~11n111.VI~btML~~ (kgJhr) 

C p fll'tl rol1fl'J1lJ"rl'llllf'fl'U~lb'W1~ (kJJkg K) 

/j.T fll'fl t:J~Lih~"ll'tl~'flGJVlflil (K) . " 
u f\'fI ~h Overall coefficient (kJ / s . m2 

• DC ) 

4 d' ..l'l. .J iF 2 
A rl'fl 'W'U'VI h'Un1nb~mtJ~t1'Ufl'l1~~'fl'U (m ) 

/j.TL ~'tI roll Logarithmic mean temperature difference ( LMTD ) ~~d~I'UM1lJ~:\.Jm1 

/j.T = L 

/j. T2 - /j. TI 

In(/j. T2 I /j. TI ) 

32 

(2-30) 

(2-31) 

(2-32) 

, ", 
'VI i.:! '"11 n btl !fIul1mml vJvh bfllJ bb~~ul1mtl1 bflil ~'l'U1Ii b VI~'tl'"11 n b~fl b ~~'111itJ n 1-il 

'VId-J~1t1'"1::b~1~~'tl'lbt:J11'V1iJ mlJ1GJ"lIfl'l H2 bb\'il:: CO ~m~'fl1'Ub~flL'V'I~'1'"1::'I11t1nmtl1rilJ'fl'fln~b'"1'U 
.. .. iF ~ iF d tI""""'" .J "" d' .1' iF .tI 0 ~t1" " .. h'U'fl1n1~ h'UWtI,Ht:J1 \.'VIlJ""lI.:! {)n1U1V1bn~"lI'U'"1~lJ~fltlrl'l1~~'fl'UflflnlJl 8JI..:JQn'U1 L \,"lI \,'Un11 

I I ~ I 

bL~mtl~t1'Url'J1d-J~'fl'Un'U"lI'fl~ii1IJ1"l11'fl'flmL~::'fl1n1~"lI1L~1 ~..:J'flunnu Rstoic (l'I..:J~'fl-J1 AFTERBUR) • 

tJn b~'flnlJ1 H1'Um1~1~'tl~ 1'Ul(;nul1 n1ru ~..:JuDmtl1~bn~('Ut'U AFTERBU R t11::n'fl1Jlu~'JtI 

1 
Hydrogen oxidation: H2 +-02 ~ H 2 0 

2 

Carbon monoxide oxidation: CO +.l 02 ~ CO2 2 

(2-33) 

(2-34) 
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