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optical windows ntinANeuas
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parabolic trough system gzuus19WIsTuEn
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2N TUIAINANAL (2) FTULFULAIMNNERY (indirect gain) Tmﬂmaqmmmwfﬁaﬁﬂmfuﬁauaaﬁﬁm 7 \esuennsfau
MnuafndlunananiuazuEiidanuFaunaninluaInaAu 3) 9rULSLLASUEn&IU Gsolated gain) AnEumnal
AIURALALAINGIAIAT LU 13DUNTZAN (greenhouse) SLLANDNTINE AINUFDUAZNNEVANNAIUADIANIBNDIANTHIL
weanasaulnaeudunlurieddunainansiu uaznmsunivdnnuiaguramluainaneau

AUNILIBUNA W ﬁ% iﬁ;}
% / Z /
| /l @

le—NTZAN \

AINANTY 1aINANIU LIaMNamNIU

. ﬁﬁLLWJNQanMﬂWW ﬁ

[ | spvau @ln)
RN \2
Z M =
—> | P
1 |~ \ >ﬂmam fal) | |-
&g
1 a \
Tasau @n
ANANAY AINANAY AINANAY
FLULTLLANNIATY FTULFLLANNNEaY SYULFULAENAIY
(direct gain) (indirect gain) (isolated gain)

NNTBENULLANANTNEIUANRTIRENTNTY (passive solar design) Tldszleatiannuaseindlunsdfuanmdlimunziumsvinuvsentand

photosphere Tinainas

"ifuuuﬁ’am\imﬁméﬁgﬂﬁmumﬁmﬁlaLLﬂ\ima‘ummqmﬁméaamﬂu
2 duAe (1) maﬁaﬁmmﬁmgﬁm‘lu 1AuN wnuUNa1eUIANeNing
(solar core) WUNAUTZUNU 0.2 WiN1aEATANBNAL, LUALNSYE
ANLFaL (radiative zone) ALLAAVUALLLALNARILA 02-07 Wh
I9I5PEINTAE LAZIIAYNAINLEAL (Convective zone) MilLNG
LLNLNSILNAGIUA 0.7-1.0 WaesATiaseing @ waduuen
ViLﬁamwﬁqwéﬁuﬁLLma’iw 13 dulpsluailes (chromospheres)
uazilalaun (coronay sulinailefifusuiismunvenuni ¢ .
summqmﬁmﬂ(ﬁsi'fml,f««auﬁﬂslﬁmmmﬁmLﬁum'ﬂuquﬂﬂaﬁqm@q : idnsTuaies

aeiindla Tgaumgiidszut 4500 D9 6,000 1AETU (Kelvin)

dandasandnueanuiluglvasnduntindnininludiag Tnssaiaasnaveniing
4‘ 4J = YV o lo & % o

ANUENIARULAY TUELTIANLNNTUNTYEUReTRgAN (black body)

a a a o ~ | e A o

nauMniazInm 5,800 AR nasnundantassanndulnlnaings
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photovoltaics (PV) TWlmiaamand
3§m§mm:LLMV\IWWT@Hmqmnwé’qmuuaqmﬁmﬂ(%mmfim:ﬁum?ﬁqﬁaﬁ’] (1) semiconducton faeAAULLMAN LAY
lureanuenauuas IneanAelsngnisalinlmaesinan @ photovoltaic effect) inalulatinlnipamand
. o . - o A e . 4. R 4
WAILANRNRE (solar photovoltaics) unna@anvikniunumaanyluniaasundsauuasenadiflulvilg
a Y U a a al 24 a 4' | a‘d‘ | a |
ENALNUNITHAANTZLA WA N Tlnsaauazufasssuans Wasannifumnalulatinazenn fulnsen
aqedan waldlaluisunun

i

ITAALANENNAGLUNAIANTINU (solar rooftop) LATENTRLALLLLT MWAN N ULAIRN TR (solar impulse)

photovoltaic characterization n1snagaudnsuzianIzN1e Wi
msnageLdnEnizian i szaduasiing (g solar cel, photovoltaic (PV) cell) amnsanszvinla 238 Aa (1) ns
VARILANMIZIANIZTANIUZ AN (9 steady-state characteristics) visadnBuzianzneininvasaduaseniing
luan1zauna (equiibrium) 1Aun UszAndnmmsnasundenilagsin (overal conversion efficiency; N)
WazlsrANSNINIAIAIAUAL (external quantum  efficiency) (2) m?wmaauﬁﬂﬂmuawq:ﬁlmg (7 fransient
characteristics) M?am'im@uauawmLﬂaéLLaqaﬂﬁmfﬁﬁiawé’amum:ﬁuﬁluﬂhmm%u 1un drananiiBidnnsauns
ANIMNNAUNNTIANNAL (recombination life time)
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photovoltaic effect Usngnisailnlmaaman

Usngnisainedundindniinlugasminuenisdunas AnnssnuasuuaIsiaiatl (@ semiconducton fpANaL
4‘ = Qs v va Qs g
uanluTnAugnAauReaiunsrAulvaldnasauluuaaUT (valence band) INGNIUGITL UAZVGANTATIATIN

o é’ ©° V) a
22MRUTNUTBITNTEMINUNLINASU (7) energy band model) Uuluagluuniniinil (conduction band) Bidnmsau
QI 4‘ QI v I a ° ° Vv 4J a o A A o v (dy v
nadaunlaad198aszlunoutr i avinliarsnedddguaudminindala deangnisaldaunulne
2BIAIU LITNFILIANGLTA (Anfoine César Becquerel) tnWandunanlsuralutl a.q. 1839 paunlutl a.A. 1954 wpsaunuil
(Daryl Chapin) uAaTumaLaes (Calvin Fullen) uaziaeisamiiesdu (Gerald Pearson) NnenFansanviesLfiRnsiuad

£ a o < ° LL a 6 ¥V a 1.8 [L a
avigaisnlszaunadiialunisinsingnisallnlmeamanundszendldlssiugimadininieainan (@ solar cell,
photovoltaic (PV) cel) AeasTanau (S tWanannszualnin

i Fuuas ( )\

WEUAUSYdaznay l

mavnuLBTaduaseTndNssnatauanasivihasiln
@dn P uaz wta Ny ansne@anszuadliihls Tneendenlsingnisaiiwlaieaman

UFIUNTNTDN
P-N junction saaimai-lau [
sensaiRAatans R thaaR (p-type) Uaz _?:(fcf v :QD:g S IS M ¢ :::.; ?f::f
Aau (-ype) TiszAmasmesd () Fermi level) [P 5° ;f@ s i): R M f:f, «d o et N

AU UlTleNsaU AlANATaUNLITTaaLRNEY N . ‘ .
q UTIUNIINTRY (depletion region)

4 o o a @ Ly ; <4 o
ansnesnatiaduazungian ldludsansnednin

Gmimw Islum?iquu (hole) wmﬂiw'a;mﬂmmaaum e
@LAUNUNTNTZAe lUNANmganiUany Tumnml,muq ¢ ’ i

YV o | Il < :: dl ° LLO‘Uuq f]
Tnanusesman-1au (P-N junction) UL LTILNUEIUN

ivm'wﬂ@z%‘uLLazﬂ@mmnﬁa”au"LuLw{a”Eiwi’ﬂﬁ

n-type
NaAndnnely (bUI|T in potential) ‘uumamumi

1

l

1
unsvaalss ’W’m‘lfl\‘lﬂ@\iﬁﬂ AsundazAtiullaunin : . -
———————————————— 1mmmmmosooos FTALNASY

1

1

1

1

1

srUNEN e Hunsiaaasilsag s AIRe Y .
< v N 2 LOUIAUT
drgaugan1eivinlneszliinisunsiinauan
dl a YV o 1 Q =3 q‘d 4‘ QI
nusunal g Inanusesnai-laundnisiaasun , p-type

O v Lo 1 a i J Energy
w03szaunTTiningaunatliFannidnnmeas !
(depletion region) sagistafi-1au Hurdnniailemu sneAaN-15U Sl e
UBINTATNTAAUAIBNTAE] syiumlasifiintu S nnseedefi-1u (P-N junction)

g1saunsu wavviunainu
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. 4 o .
semiconductor d413N4MUN

|
o Lo

TR NHANUN I UBITRIINTEVINUOLINANL (energy
gap) egszninanaii il (conducton fiuauu
(nsulator) @ngRestina s lainindaluanizng
Lwimmiﬂﬁﬁiﬂﬂﬂrﬁlﬁa‘lﬁ%’umma:r%jur%c]ml,m 1w
vidoAuSouRing s furieuInnintasing
FEMINUOLNGNL (9) energy band model) Bldnmsau
Tuunuuaud ) valence band) ﬁiﬁ?uwé’qmuﬂi:r}jm:
19ANIATIATINET MDLTNUTBI TS EMINUOLINE S
ﬂd?u‘lﬂagfl,ul,l,nuﬁﬂ%lﬂ’] (conduction band) 7isx il
WANNUAINT LAzaNLNTLARRLR I FathRas iR A
an i la m@‘ﬁ'ﬁauﬁaﬁmém 1hun Famau (SN

g = AJ YV @ Qy | g
uaziaafunilay @e) wldilutanvanlutudiugin
Adnnsaiind

TudugnsaiBidnnsetindnndmnnansnainthdaneu

short wave radiation Siapaudu

Fadmaundmantvdniinannistaniaasaindu
Inlnales (@ photosphere) 1avANBIALNETAN
Tugthesmswiidanudauddesas 97 \HuS@naudu
niindenuguazinnuanaaudunit 4 lulasiuns
I | a ) | q' @ vy
agfluguuasdunsen (nfrared) tuuasnuauiula
(visible light) Lazenunasdansnllalds (ultraviolet)
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silicon-based solar cell raauaNnddanay

I TAALANNTIAE] (9 solar cell, photovoltaic (PV) cell) ﬁmam
Tulannsadrsensoiiay (@ P-N junction) UBIuKL
%ﬁmauu’%@wéﬁﬁa (dope) musmnaanaia ) uaz
Tuseu @ Aafluansiieini (9) semiconductor) AtindU
(n-type) UazulAN (p-type) AUATAL UHUTAABU
ANNUVUNLTZUN 0.2-0.3 UAALUAT ATUNTOHAR
nezualvilnannuaseniing lalaaandelsingnisal
Mimeaman (g photovoltaic effect) sreizusnLTAd
Lasaninduanlnalduduianouiitsznandiaudn
UMIUAEY (monocrystalline) %qﬁﬁunummﬁmqq
uAtls=Ananwen desnldFunnewannuTundnrane
7Unsa (polycrystalline) vinliidununisuaniaad
LA R Ana aqiiugaduateindsanaulv
ﬂ’izaw%mwgqﬁ'qm wazinisuanlaluidanidlae
mﬂﬁ'qmiummwmaéummﬁméﬁy’wm \TRAUAIRNTINE
Taneu dnidusaduasariindguusn (st generation)

M u e uad wad wad
SR LTI

Wéuﬁuﬁ*ﬁmﬁa [ : & [ | =
Das o«
wiuFaneuailagy —— 4 i @
g : SIS

Lo

uuFdmaurtlai
M lngw

ANUNLNYBLTAE
0.2 - 0.3 HaRLUAT

InseassvasTadlasaindTanay

& Ao a s
WUNTUUAIDMNAE (solar farm)



solar cell, photovoltaic (PV) cell iaduaaniing, imaslnlnaainan

gunsaididnnsetindviantnidasundnuuasemndiundwnulnialasardedsangnisailnlnisaman
(@ photovoltaic effect) fINIFENULLEDTN “WHIN-IiTAa" Y58 “solar PV cell” Nizaduatariinglfuasanunasau
uanmilaanuaseing 1wy vasalnvsauaaiiauEeningaaininieamdn iwaduasemndivateailn wtan

Mnusguniignluilagiiu Ae aduaseriindindnlnglfinalulag@@neu ilicon-based solar cel) uanaNtiu
fadigaauasoindalaWNauune ¢thin film solar cel) LraaLava RRdutAANsaUNaE (organic solar cell)
waziraduaaindinatianliuas (dye-sensitized solar cell)

s a ed a o Naa
uLTaanasanninnanine linalulagdanau

solar chimney iaasaunasnasaniing

s a >3 s v i s &’ = Qs v s

gunsalutlsgindsnuuaserfindidundinunalagandeainiafauiiass iy wuwRgiuaniAlandinies

da 2 Ay e Y - g . X
ANANTNRAAIGNNYUSZLNEAINIA (ventilator) AlAFLAMUTaUINUAIRASTUTIAINANTY AzaRefIgeaL
HugnuyussuneInAsaniluenetans auzienniAidusinaieusneiaisa lvadiuununmesrungainia
ntluaimsls TeglusadldWnaugrainiAuazdisannisznisvinanuiiusadnsesliueinia aiunse
o (% dy 6 YV o | [ a o a Y v o 4” a
mwanmsu‘tﬂﬂs:ﬂqﬂm%muﬂamamwmLmqmwmmiummamﬂi:LLﬂiWﬁﬁimeﬂamwmmm‘mnﬂquwumu
durFundiseudassauguieliifinnisazauainufeulusinimdudnsuzdsingnisaliFaunszan
() greenhouse effect) intlafiuAuilszuunanussqurliiAuvianinndnifiuanudeu luriaiainansiu
uraaniAauFaugelindsanazassfdaldludassauiedudaiu urbine) aaviATasininlni
QIQ :: v a v Z: v [ o Wq: Q‘y a v s = a &I
nansa s ulAlanday uaﬂmﬂuumammﬂiaumwﬂmm‘luﬁaLLa:wumu‘lmwmmﬂi:f««vﬂuqmmguqmu
4 . 9 4 A cqua 4 4 e e e -
Teaztantlansminudausanuiluiainansay wavinliananisiedaunuesuiaaIn Aldduiaiy a1unsnu@n
nezualiinlaatnamalidas uldrananludnasening Uszananinwnisildsundssulaasiuaaanalulad
aasaundauasanimssiuin wamsuiulssnflindaanudauanuasannmsdlssinnau

1182INNASELARNANEBAAADE

waNARUNYIUnG

%\
@Q a A1 o
%, AUNNUUBIUIADINIANAINNU
A 1A YV, qgua o A
%&, mtgmp Iiiiansiraaunuag

BMATUGAULY

Usangnisel
-
Founszan
Mg = &=
2INALEL T T = R T = . L ‘
NuALI T uuaIi A LA LT A UAINETI LTI sunuulseindsanudeussuuldesay
s lvangurasiaannFsauLazuiaa N AiulusLuLdasaundauasnring wasuasaindlulssineaily Uansanaunn

UENUALENANN 10 WATAYLEN 200 WIAT WUNTAIAN
N92AN 45000 MINLRT MdwdnlWihaean 50 flaTnd
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solar collector FLAUSIAANNRE

S

(4‘ a (&/ 4‘ Ve s o v a < U v YV o
gunsnifusrAnguuialilunisgadunazaraundeununnuiausinuasemnduazangimanudeulllvisanans
(medium) NddeslUmuszuune audsznauvdnvesduiuivdenfindlaun 1. Aganau (absorben vimtiag
fupnusauanuaseniing ianianidnuaulinganausidnaudu short wave radiation) 16in asviauuastias 8ms
netantasnaslugfi@nrauen dong wave radiation) sinuarldaeuliiuasdadinu laun Tanznaduns
Bl a a | Vv & o v . v s | ° % ° Vv dl
visaagiifley (Jusu 2. gunsaliAnuieu (heat caren Usznaumesnanuarszuunatiainudeu viwtii
anamanufeuandganaulldgineailatanie 3. gunsalifiuainu¥au (energy storage) vinntini
< v I dl ° v % =3 o a e’dld YV o ! s I % =3 o Vv U
Wuazauanusaunaunazi 1oy dufuiideniindnildnuegluifaqiuuiswmiuginsesduiuied 1hun
AUALSALLLLNUEEY LULY LAZLULINWISITLAN

ANLSALANIANRNTIRE

. sruuNaminiou . sruvinANNTau

N\

v @ oS o <
MIUNUTIADNIAE

Y e thfaudnniulden
Faudmduldeu

ihfaudniuipdasrinanuiau

YAAILIAL
1 i u
J—— feinigusy
| ) )
. v A uSauLaRy
sz AN Y
. i ; 2 -
sl o Saauan usau
Yo v Y =
UNLEIULY g ‘]JWQ?:UU
- S-S 4 Yy a . Yy v & o H v e o o aqu
@ Mifuisdaniing @ nFeugamgii o0'c @ iFeurniifiuied @ ihguludaindwiuldou
SN . o i Y Lo o
nanthsauilalady nyudaulygioin pndanemAuSau TupFiFounazd sy
oL M S "
uasaniimg Tuninfuludein ATRIinANUFaU

Wivfsdaindnldt@niguldiluaasthuEoulszneusme (1) MganduAnfura ek g @ gunsdhihanudau THun
szuuviendeu 3 gunsaluanildeumnidou (heat exchangen uaz @ gunsalifiuanufeu laun fuindau
sz AnuSauEsy unsallifuaaunavisauasunn ldiieans

1 al'u a a o
solar constant AMAINTIEAIBINAE

AANUREhENLRTe M RUANTIEAM87RE (3 solor radiation) POVTNYLNEIIAIANNIZNL T YBLIBITILISTENNNA
FuuanuaalanAuntAINTUAMeIRRT TI9anaeeinglszuns 1.5 x 108 Alawums JAtszunnl 1,353

o

FAAAAAIFINLUAT

AUVLNIBITULITIENN
1lszanu 8,000 Al

|| 1.5 x 10° flawums

PIPAINSIARvaN R T uaLAILsTENN A
9 b
Tunangaueslanddszann 1,353 W/m2

PN A ANATISIEA981TRE (solar constant)
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solar drying N1saULINAIENAIUAIDTING

v A A ’ o X v } £ o aa
neauuAisluszLTlANTN992LNeaINA (enclosed ventilated area) WAILNAULNAINNITANNWIAL (sun drying) TaThidg
1apnuaulunanannIenIsINEng iatinangnsifinaImg Tladenlnanani1sauuid tawn JUNQINATANNATLYDY

2net gtuuumsivavasenningluglnsdiauuri wazauiAmnennanininiiuasdmsannsazau Tnssasneginsl
v a v v v vV vV d Vv
AL (solar dryen 1 3 uL lAun FRLILA (cabinet) NezlauaLUY (fenf) UAZRIUNABLILAN (funnel) THANUISNATI
\ulseFauauuie (greenhouse) MnaunanugLinsalauwisvanauuuinfeiu AunFunawitainianllsauas
1 a aa aa G « Vv % va Vv e s o
Wy wedlefiauszAsanvsanszan anelugnsalenuivlafuniseanuuuliiiennedeunyuiauaidanannis
WIANLFAUALFITUINR (passive solar drying) viaaRnRIRAaL [NamleiliainAiaNIAaaUT (active solar
. o v | o v ayw & a ~ v | o 1 = a o
drying) uananntfanunsnldsuiuasiaunlsandiamwasinnainenisauiasnssaiiasluananailaseiiag
ldadiade iy maduan visaieananuatluananaullaudiggnsalanuiy vinlvildaneuuitiosas

e e e v e oa C e o e .
gluAaLu visalsaSauaLwinwaaWingd Wasthnie uwwwdnthdn dszna athlan esenuuulng seasiasu funsane
AMANHENE AEANeNmans W.Aatng TasannsliAutiemaen I nnnsAItuny
TmﬂnmﬁmmwﬁwummLmuuazaﬁﬂﬁwﬁqmu (W) NTENTNNANU

- v . P v v N T -/ T
{saiFouauuiandauasainddimiuaududu wedr1audiuaniyduaundiiaund Asnetiog F97dns s
1 I
panuULlng $A.A5.165U FUNfaNe NANTENE AnsANenEEns U.AaUNg
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solar electricity in Thailand nsuaanszua Wi nuasaindlullszimealing

nguannszua Wi s Taduasanied lutlssineling
arulvnifunsldeuluiunludindadnte hun
a v L3 a « [~1
sruuNan AN AeLTadLaseing  savasuilusuy
nan lnflaremaduasaindiaunanussuLasda
, o do

(grid-connected application) a‘:uuﬂi:ﬁguummaimﬂ
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o o R | A o o | v P
AU arte Utz uusanand tdlae s leand
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uasend At wa. 2521 dunisldaulugiinsdd
A1a e vamthenunely ave. iy 1diAngd@aans
o a 4:' A o KR v P o
dynalvneznsy iaTesletiunindeya 1AT097
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4‘ &j v a a
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FINAUNAINUATATU S 1Y WAWIUL WASILAL
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N1LAY IMIALLERIERY NNSIARRARAY 0.5 LWN=IMA
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aiTATIdnL1ATINNTTIUIL 60 WEY FNAINRARARATIL
159.5 flaina mauFguradulaunslvitenadnunidsusiy
TumsuantniiitelFtinnsuseiununnanan il w.e. 2537
%ﬁéw%miﬂﬂﬂmﬂﬂjumm%ﬂ (Smalll Power Producers : SPP)
wazfuan ihauiadnuin (very small Power Producer :
VSPP) nundunuamlunisuantiilnannisaduasening
N9NTINNANIUTALNTUN A UITNANNIUNAUNULA S
BUFNENATIU vy HlATenisangamng g Fladaaiu
uazilszanduiusnisdiraduaseindudn i wu Tasenis
svuuRaR NG TaduaseinditauasaindluaiiBou
1ATINIFITULHE mivxlﬁwﬂ?m‘LLumLma?lﬁwmaéLmeﬁmé
ém%’uwgﬁmﬂjuumﬁiﬁmwm TAsan1sgzuuNan N
Fretaduasainfidmiiilsaauaum il iinin Tasanns
sruukanIniMmesaduasaniinddmniuguiniseui gy
1A79N197 2L UNAR INALAIATNNINAN BT UL AILLTAA LAY
aing lazanisszuunanininAleisaauasaingdniy
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solar pond system szuvlafULAY

S

FYULAYALNAIANLEAUANIAI AL AL AEVANNNSIATTIRaN LT UL (water stratification) Taeialiluviaati

a c v o X = = - X o a % J Vo a
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n s Mind Map

hydrogen properties

auinanslalngiau

L3 fossil fuel

IRLNAITINANATLIFTH

hydrogen source
o yarog
g\m \ unadlalnsiau
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AIUIN

CWthermal decomposition, thermolysis

MsAaNLAmIAILANUSaL

C Mcatalytic decomposition

n9aaneFRAleFIaLRAsEeN

" Mphotocatalytic process

N9zUIUNNSSIUA N AS

" Mmethane reforming

NN
NN9TNRTUTINU

C Mplasma reforming

nnssnasuRIENANELN

 Wsteam-iron process hydrogen produ

nszuaunig et -wan naswan lalngiau

" Welectrolysis Talnsiau

nnsuenaanamae i

- °
o TR electrodlaIS|s
hydrogen production nsuennsase iy
nnsuanlalasiauaienisniin [ Wbiohydrogen production
0 IR nnauanlalagiauaianan

NIAUATIZIAEIEA / LAhydrogen fuel processor

! a S a
nihananTanadlalngiau

C Mmembrane separation

NNTUENAIELULLLITY

Hydrogen

C Bcompressed hydrogen L Wchemica darogen storage

1alnaiauan naiiulalasiauniaall hydLogen storage
liquid hyd : nauiulalnaiau
o e (oliEn  Wohysical hydrogen storage /

maiulalagiaunieniann

1alngiauman

" Wslush hydrogen
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hydrogen economy
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hydrogen applications

nsdszenalalngiau

hydrogen safety
anulaannauaslaingiau

life cycle assessment
MsUsziliunann9astiim

" Malkaline fuel cell

direct combustion [ RdBINAILLILLEaAN taLl
s silnema

fuel cell
TRALLBINGY

LAbiological fuel cell, microbial fuel cell
AAIBINE TN, [ Tadlliainasqatin

°
IRALTRNAILLLANTLAILAARL

L Mphosphoric acid fuel cell
[radlanasLLLnsanaanasn

CMproton exchange membrane fuel cell
radianALLLLusuLanidnullsney, [wadilinimasialay

L lregenerative fuel cell, reversible fuel cell
I TARIBINABIAULUBLIETIN, LTadlliRInAwLLTUNdY

[ Msolid oxide fuel cell

e a < <
iradinwaswuLaanlanaa i

" Melectrocatalyst
fuseUisemandinia

- NMelectrode

luin, Bdningm

com ponents " Melectrolyte
Auilszna adnlnslan

C Bflow field plate
uugaenenislva

L Mgas diffusion layer

Qs Ioer
AUUNTUNA

LA membrane electrode assembly
wihauuiusutlsznauda i

>
aunnsimians-lawas

°
nnaawhsuaduainisuanaae sl i

C Mdurability of fuel cell

AMUNUNULDILTARLTBINGS
C Wfuel cell efficienc
Us=@nBnniradilininas
concept L WNernst equation
WUIAR

aunsueaisuan

“ Woverpotential

Fnsl ndr AL

o ENEREIER

ANUALLUUA &SN

C Wpolarization

Twanlsirdu

" MTafel equation

AUNINUNG

fuel cell application
3

NN9UIZLNALTARIADINAY

hydrogen refueling station
antipuuialalnsiau
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alkaline fuel cell (AFC) iradtainasiuuLaani lal

\TRALTRINGN () fuel cel) 1ilausn Tnalinnsangnnisliunsausnidiel] a.a. 1902 Tansazanatnunaideulansantan
° v dl G A L8 24 | 4” a 124 a <~ | o an s

«oH) vimthiilugidning lan (g electrolyte) uialalnsiauiuaemas uazunaeandiauvseamadumieandlad
Fuseaisenndauelun thun unafituvsatinifa Misalfisemdiuaing Thun msueu gumngiinisyineu 50-250
B Qs v ,ol v [ a v aaa - s dy
BaAIALTEd UATAUAY 1-3 Ussenel 1 (g waten uazanufauiutandanaosls mudfiseindivihdil

fualna O,(Q) + 2H,0 () + 4e" —> 4OH (aQ)
daualun Hy(@) + 40H (aq) —» 4H,0() + 4e”
Ufisensu 2Hy(@) + O,(@) — 2H,0(

fasnsuannszualningzning 10-100 fladnd dszdniamidanszualniniasas 60 4om lAun Tea1guIATes
Gstart-up time) du Usr@nnmgeuazsiagn daide Ae Ausajfisendeuanmesninduliaufairemduas
o ay < & v '3 'S L 0o o s =
feandladtuileusaansuaulasenlen (g carbon dioxide) unzdmiunsUsrgnamammsuaznieInia I
NFEARINNINAE LA TN AN ISR IDINALLLLaaAN tatl

@unianslva = -
YDIDLANMATOU

2ANTLAL

@iaim?an%a

2081

S®PS|° 8
-«— ® oo

walum adninglan  walne

s a -
aAIINALLLaAT laTl
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biohydrogen production nisu@nlalasiautianin

nsuanuiialalnsiaunianunFgneguAIEnssLIUNTNNTIN NN UAIITIRd WINAaUnEE
(microorganism) @9A4FLNANTBINTZLIUNTE 1A 111 () water) UaALEUYEE (orgonic woste)
N o . a 4(@'4 v v 1 1 aa .
ViaT1319a () biomass) Aauvisiininsldnuilunszuauns 1aun amene (algae) uuAiize (bacteria)
=l ¢ v v « = o = ] | aaa
¥3an751AE (archaea) Tagmnasasldiaulad enzyme) visaansilsznauawanlisauaneisa §isen
Fuunnisnastalasiauaannta 2 wuu 1eun nngsuunmunisltuasnislungsuiunig
An ﬂfcjumﬁ"juaz”Lu"L%LLamﬁﬂ‘Lum:muﬂw KATNIFILUNATUANHUZUDINTZLIUNIT NITHAR
1alAsIauN19ATIRaTNI0a L ﬁwﬁuﬂ”&‘lﬂﬁmﬂiu‘[aﬁwé’ﬂﬁﬁh’imﬁm‘la‘imwuﬂ“nmwL?Nwmi‘nﬁ
iasandadninsuanuianudila wardssangamueenszuaunissin

Oxygenic Photosynthesls

w Carbohydrates v Phosphoglycolate
e (Glucose, sucrose, ¢

starch)
Glucose

\ ADP

Pyruvate

NAD(P)*

Ht/e _e=====s

\

NH,O MO, +ndHY nH*

ADP+P  ATp

nsndntalasiandinam
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3 Z;YEITm‘mu
B-C

biological fuel cell, microbial fuel cell

3 4" a a I3 49/ a =
LTARLADIWASTININ, LTAALTDLNAIFAAN
gunsolifaeundsnualidundsnuliiifedgisen
WAL IAA AN UIDIAL  (biochemical pathway)
Tneldisisal§isemnisainnan iocatalyst) unusLs
Upisenlans fuwuusuneaulvitlszquantiu cationic
membrane) NuszuiINdualuatazuaing ©annN19g
vinau Ae Adueluassal§iseamisainnanas
dagdanellialnaansaduainsnaunia (organic
substrate) iulalasiauleaauusdidnmsaudaazanslan
lfaduaTnatinuisasnszualwinnsusn (external
electrical circuity @rulalasiaulopauazindauiitiu
sy uasvindfjAsensandu (reduction reaction)
fuudasandiaundiuainalauandmiunszualnia
wazdn (9 waten Ausadfiteanednmintauly
i 2 vila Ae eulmd (enzyme) uazizadqaunsd
(microbial cell) a7uuntTastaiainasaIniIniy
2 UTLNNUAN AD LTRALUBLNAYIIN WAL AN
(mediator biological fuel cells) LALTAALTDINGY
a Ay Ao . . .
TINNNLULFAINAN (mediator-less biological fuel cells)
msmelaudidnasauanqatnluidrinindudunaui
AMUAUTLANENINURILTAR LADINA S (9 fuel cell
efficiency) A n13ldinanevinlinisnnelau
ELﬁﬂmaumn«ga%wiﬂﬁﬁﬂﬂﬂﬁLﬁm%iﬁﬁ fnanan
] = a . . a
|y nlatulemnm (thionine acetate) Lunalalalalau
(methyl viologen) Lmﬁaug (methyl blue) NsmEILN

. . = a a 'Qld
(humic acid) “3aUINTaalTA (neutral red) AUANU
fananslidaids Aa saALNLaz AU T un e
dsuiradilaindsiinnin luisnanalduuaiGan
anugnansloudianmsaulauaziiaulainaiuign

a T o a B v aa NI Vo
aandladdudinsnaunaals uuanisenlasuainuaula
warAn®IdEey 19U Shewanella putrefaciens,

Aeromonas hydrophila lusu
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Butler-Volmer equation @unisimiaas-aluad

AUNNTUAPIANUELNUST =g AN LIUNULUNg 2 ua T
() wazdndlnihanuiiu ) g overpotential) MifiATLAN
Ufjfseneendndii-sAndiu (oxidation-reduction reaction)
vudn IR fud miul§asen ox + ne — Rd
4‘ = :: v QI a o aa o
\lln Ox uaz Rd Ap asinuNgnaandlnduazgnsaad
= YV |
anunsaisuaunig oy

RT

(-00 nF1) l

e jo PD AN I wanuAen
n Aa uuddnaseunneleulussuy
a P iﬁlﬂizaV]éﬂ’}idﬁﬂiﬂuﬂﬁz’?ﬁﬁﬂﬁlﬂﬁﬁ?ﬂﬂ
3N (reduction reaction)
F A mAsinisun (96,485 gaaulinaniuauya)
R AaAAsiv0dufa uaz T Aa goungduysl



catalytic decomposition n1saanafnaBfusLizen

miamﬂm‘ummimmuﬂmamamam\maﬂ 2 ‘]IumN’]u‘ﬂaﬂiﬁl’]Lﬂllm’)ﬁlm’)Liﬁﬂaﬂiﬁl’]ﬂ’)ﬂim@m‘lﬁﬂllﬂ’]?LLﬂﬂﬁl’l

(dissociation temperature) maq mmumﬁamﬂmmmm @ wc:’rer) mﬂmL?qﬂgmm“lﬁimLaﬂammmmmwummu

1f3eniATimaion (ndirect chemical reaction) RnTigruasn 1,000 inaiu Auflunsandiasniatesnszinunis
msaanaimeruiel Aussisemiinasldnuiuun Ae aisdsznevuessinmyualainu (halogen 1y nassa
panlsd (ferrous chloride, FeCly uaadeuluslus (calcium bromide, CaBry uazuunilidaulalalng

(magnesium iodide, Mgly daininndnussljisenisaanasnesmisalfisenlunisszanalfidgravnssy

visalanas Aa ﬂ'ﬂﬁ?«hﬂ‘l,uﬂﬂmﬁmqqLLa:ﬂazaw'ﬁmwmmmzmumwh

2FeCl,(s) + 4H,0(g)
Fe,O,(s) + 8HCI()
2FeCly()

Cly(@) + H,O(@)
2HCI(Q)

—>

—>

—

—>

E—

Fe;O,(s) + 6HCI(g) + H,(Q)
FeCly(s.) + 2FeCly(g) + 4H,0(g)
FeCly(s.) + Cly(@)

2HCI(g) + 1/20,(9)

Hy(@) + Cl(®)

nszuIuNIsUANAIvesimefslfisemeisananlsa

CaBry(s) + H,O(9)
3FeBr,(s) + 4H,0(Q)
CaO(s) + Bry(@)
Fe,O,(s) + 8HBr(g)

e

—>

—

S

CaO(s) + 2HBr(Q)

Fe;O4(s) + 6HBr(g) + Hy(Q)
CaBry(s) + 1/20,(9)
3FeBr,(s) + 4H,0(Q) + Bry(Q)

nszLNUNsuANGIvasimsfsalfiseuaaidaulus lun

2HI(E)

3Mg(OH), - Mgl,(s)

MgO(s) + 1,(s) + (Mgl, - I, (@) (aq)
Mg, - L) ag) + MgO(s)

(side product)(s) + (Mgl, - I,(c)H(aq)
MgO3)5(s)

—>

Em—

Ho (@) + 1,(9)

4MgO(s) + 2HI(@) + 2H,0(9)

Mg, - l,(o)(ag) + (side product)(s)
3MG(OH), - Mgly(s) + 1x(g) + H,0(g)
Mg(O3),(s) + (Mgly(s) - I(a)(aq)

MgO(s) + 1,(g) + 5/20,(9)

Mg, - l,(@)(ag) : diluted against H,O, smaller excess |,

Mg, - L)) (ag) : concentrated against H,O

Mg, - lL,(en(ag) : diluted against H,O. larger excess |,

nsruauNsuAnsaasmessafseuuntidaulelalng
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C

chemical hydrogen storage nsiiulalasiauniani

wnalulagdmiuiiulalnsaulugdasiniidefindgisauadlnlalnsuesnuniunandn Taun nafilug
Tanzlelnsd (metal hydrides) uazansilsznetdu 1y inazay Tnelifsenalalasaiudu (€ gH,g = CigHg + 5Hy)
wenludeTusulaslfisanaatamiennudou (NHBH, = NHBH, + H, = NHBH + 2H, = BN + 3Hy flusu
¢ o A < 4‘ | o a I v A’ a
Tanzlglnsninliesrdsznauiiulanznaniiemsaanasnuiussuazdantasslalnsiaulideiu pumneged
Tavznauguawien Tuseu uazergiifliswiivlalnsiauligenindesas 10 Tnetwin ansadandaeslalnsiau
melfisenaataniaanuioundunauls warunaiinanusaifinlgiseaaemmieiigungisn wu Inaay
Tulslalnsn (NaBH, + 2H,0 = NaBO, + 4H,) uazuunilidaulalags (MgH, + 2H,0 = Mg(OH), + 2H,) 1ilusu

density: 59 cm™® 29 cm™® K] cm™® 079 cm™®
160 A : AlBH3
1 | dec. 373K A
BORQHQ MgaFeHs h.p. 208K
<373K{1bar g .
. 140 4 n 620K, 1bar;
? / 2 -
= LaNisHs; ; NaBH, NH lig”" LIBH4 H2 chemisorbed
~ 120 - 300K, 2bar ) MgH2 dec. 680K/,,’ ) 3'e dec. 553K
L u Dy 0k sbar A CaHy G Bp. 239 7K on carbon
(o} FeT':I M92N|H4 1 " LiH gthie ... [
< IM.7 550k, abar hono e .
C H dec. 650K q
> 190 ook 1500 B NaAH; & Mo, A . CHy
2 "' e 520K KBH"' LiAIH, CaHio' @ bp. 112¢
BH, x
% 80 A e, 580K dec. 400K b.p. 272K
IN Hs, lig.
2 601 203K
=
()
E
o | 4R Mo physisoroed el
> oncabon el yed H Gas
20 - L Gas T pressurized H,
O pres. H "~~.,52 13(composfre material)
roeh M pvRd
04% p (MPa)
0 5 10 15 20 25
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200 °C 100 °C 25K @

2 d d 1 1 1
Modified 9
Li-Amide NaAlR,
1.5 N — <«— 30 atm
Mg,NiH,
1 — <« 10 afm
£ MgH, % LaNi, Hy
a 05 — <«— 3 aim
g
O T T T T Y — <= ] atm
-0.5 H=Amide w
——l CaNigH,
r LaNi,H,
1 1.5 2 2.5 3 3.5 4

1000/T, K’

wa | o ANgv & a
auilnrasnsaslalasiauunsianinliinulalasiauniuai

compressed hydrogen lalasiaudn

alnsiaunun98nANNALAY 350-700 1F ﬁnmi‘ﬂuviw?‘aﬁqtﬁaﬂzmnrﬂ'amilﬁu N9UUANALTONWNUUNE
1alng1audn (compressed hydrogen tube ftrailer) visansldeufuufadamadunmus faussq lalasiau
ﬂ?:ﬂauﬁuﬂﬁfa@wmﬂ%u %uuaﬂLfluﬁfa@ﬁqmzﬂaugwum%uau vidalanzdmsumuusensrunn funanafy
‘Ya@ﬁmﬂi:na‘ugﬂumé(muﬁw%’uimqa%'wﬁLL%LLNLLm"L}mﬁﬂLm %ﬂmﬂuwgama%ﬁwﬁﬂiuLaqaqaﬁﬁw%’uﬁ’u
nsautureslalasiau SgUnsaliud senson qmmﬁﬁ'Lﬁmﬁu"luﬁqi:mwmmﬁu nsanlalasiauldwdsnu
Saeaz 5-10 wnendenulalnsuiiuly

soviautre lglasiaudn
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D-E

direct combustion nstunvdinenss
Uffseiasznnadamasiumeandlnd indawuanuiou wazuandniidusenleniasmivey uazi @ waten
dqll a A a I a a . | I dy a a‘l Vo @ o | (24 = 4‘1’ a
amAtlnsideu onuiiu wazTiuaa (@ biomass) ifunquitam@dildfuiuvan auuialalnsauiiuremdmaunu
Ay vo @ = = < v ; . )
nlosuanuaula neldinszinumsenlvidlaenss viseun nifluasaseununiniinneflu () intemal combustion engine. ICE)
nlguunsvangluilaqiiu Ae insesuanldipinseanln visaTpinsaralunisudniasu (Huesaceuninld
TusneuAuazsaussyn MsdeuazianmuInAsaseua iufialalasauliiduugainaeseseununleau vsenioa
L o oy | | o s s L | v
uanantudalalnsiaudslulanaesuiansueulasanlad @ carbon dioxide) aangussennIFRIe

. . o

1. Wlglpgiatman 6. wpraspuadmiunsn il dalasiau/unladu B vedoudtalalnsiau
o e iy s 1 vielalal

2. thilndslalasiauiman 7. nenwlenlalnsiau valalalnsiau

3. Waeudmiuaulalnsiauman 8. szuuapnIINsRenveslalngiau B vieviaunndaiasie

4. viauftalinaatssie 9. daunladu H vodaeslalalnsiau
Do da o Y p .

5. nibadsuntiasauanulasuanuiau 10. MAPILANANUAY wevdhanna

dwiulalasiauuazazunninAus Na9svaafuEae
[ vieunladu

BMW Hydrogen 7 dsldflalasiaufluidamnas nanlneidsm BMw Uszineiensiiudl
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durability of fuel cell mmwumummvﬁaa‘wﬁmwaq

agldau (ifetime) Qqqmmmi:uwaaéﬁyal,waq @ fuel cel) ﬁﬁmiqtyLﬁﬂﬂﬁzamﬁmwﬁ@ﬂﬂfiﬁaﬂa: 10
aqmmwﬂﬁwﬁaéﬁ?aLwaqﬁ’mummmigmmmwumumﬂﬂ%mu (ifetime  durability) 1ugﬂmﬂ\1ﬂ3‘”ﬂmﬁi”nﬁuma
(operational hours) ﬁ?ﬁﬂ%’ﬂmﬁﬁim (stand-by hours) mqumiﬂs:ﬂqﬂﬁmaéﬁ?al,waq (9 fuel cell application) %\1
Faellinaniaidan (degradation rate) lifiu 2-10 tulpsThadmadnlug mﬂﬂﬁ”mumaqLﬂnaél,‘??al,waqéﬂw%’umﬂuﬁ
Usaeu 3,000-5,000 lua solaeansdsramialszana 20,000 alus LLa:ﬂIﬁmﬁm%ﬂaﬁﬁuﬁﬂ?:mm 40,000 1w
mwwuwmmawnaét%aLwa\i"ﬁuag'ﬁ’ummwumuﬂumduuﬂ?:ﬂau (component) JpalTadiaImas 1aun
BianTnslad (g electrolyte) Fuliieen/dusmiseliien fuunsufa ududamenisive uazumuiugm

AUANITIATIZN wAtlA

AMUNUNILABLTARLTAINA

nnavinuflusaunuudngd i /nezualwiy/indsinihaeen Voltage-current measurements,

cell impedance
NSNABLNANNUZAIFA (steady state) uazn1zdIAg (ransient) Polarization curve, cell impedance

AnBuzaNIzINNILTY Asisen duunsuia

NNFUATIZVIATIATNS XRD

NN5ILAFITNANEIINEN SEM

NSIATIZNEN) XRF, ICP-MS
N19NTTANEMUBIIUIAAUNIA TEM

ﬁuﬁﬁ?@dmﬁ‘lﬂﬁ’] BET, cyclic voltammetry, impedance
Sumsisenwaaiusz Afueuuaznns dauananediues Neutron scattering

MATANTILATZ A TARLTRLNA

a | aaa
electrocatalyst fiagelfiizeniaail i
Tavenanunsnanmmasnunenuiusreinsifiny§isensandu (eduction reaction) visaaandiadiu (oxidation reaction)
lunszurunisialiihlngludisuinUfisen sgusunmmivesda i eradundanzin@ouuutaivia
visaldifdudainia dasalgisamaadiniunazatinmunsdmiudfasaalidaunnsnefiu imadidainas
#818u (g proton exchange membrane fuel cell (PEMFCY) ldunafitiuvsalanznauunaiiuuumeaisuay
@ o 1 |aaa = o v ¥ as | o qgva | : . SNa sy = SNa sy
\Husiisadfifen mansauvinlavaeds iy nevilAELTN (mpregnation) NssArdmeansinll uazmssaidsie
nszualnih 1fusiu
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E

2 &afmﬂ@u

electrode d1nW#n, aianinsm

Fapnaunsanszua i laf luradindiihdduainouas mLL@Tumaumam@@ﬂuaLaﬂ‘llmiam (g electrolyte) 7
ﬂJ’JLLﬂTmmLﬂmﬂgﬂimimﬂ‘Hu (reduction reaction) ﬁmua‘l‘,ummmﬂgnim'aanmmju (oxidation reaction) ﬂJ’JLL'ﬂT,umM‘E
Lﬂum'm:umwmanmgqLummnmmmmmmiﬂmniaumnﬂgmmaaﬂsﬁmu“lm mﬂmﬁﬂmaqwuminmniau

|y unaniy wnglns Fusu

electrodialysis n1suannsasne Wi

nnsuenlasaulpeanislasauansansazaainaacnuuusutanilasulasauldanudiuduaadlasauuinuazal
o X | | s o | o & o Yo v v .
ngauluwnazreazaqinliiinlasanduanuneAndvisenssualiiilviduszuy ansazaraanududusi
v 1 s o aa = o | | 2 = ~ o
zidgiradind iinndinuusuuanildaulasauauuazuinAuagszninedn iy lasauauszindeunlili
Tueluauuusuwanifaeulasausy sntiuszgniumeiuuusuwanilaeulasaunin awlessuuanaziadeui
TEualnanuuuiususanidaeulessutinuazgniumeiumusuianifdeulesauay vinliiianisnsasuanidu
aruidainuidudugereslessuaunazuinauaztesledimad niundeiuiiusy niensaduaniieuldiuly
stlnagadinauiueynsuvansiadlne Auneiusuanidsulessusunazuanaduiull wanasslinues
L e oA o 42 o X A2 - o . v, .
ngz1aun19l Ao Wnantalalnsiaunduaing wazutasandaundiualunalastina lntsaiunisuantnaie tuin

C-stream D-stream
(Concentrate) ? (Product)
- A V'
2eH + 22Héa_—) H,0= 2H'+
2t + T - + T - + T - %0, + 2e
Na*
Na*
2e”
2e” Na*
Nat CI-

H, % O
~ _ 2H+
< - Cl
p 20H i >
2 Cl 8_
s d k
48 Nat so,” x

s0,”
2Nat
oNa* cr
CI-
Na*
T T A T A T T
E-stream E-stream

C-stream Feed D-stream Feed

msimaaunuedlensunazimadindlninlunszuiunisuanngasmae i
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electrolysis nisuanaananleviln

nslilinssuanssitainihreasadinilindiveilaseuluasazanedidninglan @ electrolyte) indaunlihiin
Ufjisenndnnih Ufisenaiinaduliseneendindiu (oxidation reaction) viza FAN (reduction reaction) Tufirmng
dl 1 a .4 le) v V) V) dl Vv Vv Vv 1 I L8 dl aaa a é/ i
nldaunsafiaedlaonlulinszualniy Inenszualninlnazfedviuannimlanuinsgiunyfnsenazinnam

i: v Vv v o1 (4‘ I L8 a (24 ‘u’ Vv v
msugnaateninagiiezAadddalanngni 1.229 1an lunsndnuialalnsiaulaanisuenaaienisoe i
Paunlnafialfigensandu reduction reaction) aaditsmau (lalnsiaulesaw) lunniznsm H* + 26— Hy
awlunnmziaaziialdAsensinduuesin @H,0 + 267 — H, + 20H) NdanalunialfAseneaniaduls
ufiaeandiau (H,0 —» 1/20, + 24" + 2¢7) danuainisudnuialalnsiauainisiaziianungnege deide Ae
Aldanefunszualniings

[ | Hydrogen (gas) \

Oxygen (gas) Diaphragm

Hydroxide lon

@ ¢ ©
. <« NO .
? ° s W+e
,e-| « 502 | =
OHy -~ <«— 002 )=

ham ®) ))«

Hydrogen lon

-
@ P pY
\ H;r:gen (Io?

‘?_oy» 2>
Hydroxide (lon) ‘

ALKALINE

44 N e
nsipdaunveslasay uaznainlgisenlunisuanaanaifoe i

electrolyte aianinglan

QI I 1 :; 3 =) Y = a 4‘ 4‘ I = B ° I I v
arsetsznnsiualnauazualunluimadiail ni HauTreaulrlanaupaaunniu tanstnlesaugeunliaeli
a ] a :: (v QI [~1 = < g |l o o v o v QI [~ % ° QIQ I a @ g
aidnmsauNu Insansuzifureaawisarewds Iuatiunsthllldnu vivihndusimhlessuniieelugidninglas

o A a aaa Ao 9 =< Y < s A o aaa aa 0 aw s
viraniinnlgisennda idwtsllfanda i vieaaadinarind§nsen auianisinlessuwasdidninglandta
| Qs a aaa QI:: V) a e‘d‘ | = 3: dl | v = a o L3 =
padmINanALRse I i adninslasmifiurasvariindunnsniunsauaziua dedeussdianinglanvian Ae
Saulane adunsrtaldBiEnng lasmiuvaauds Wy wusees wuuweales uaziuuimsin Wusu 9em Aa luddwy

TauAaantnleaaunaaanis tankaslauTREiana iy say
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3 Zi’lafm‘mu
l:

Faraday's law of electrolysis nguasnisuaduainsuanaaanie i
ngiesLneANudLRLs B INuns sua i ussuuiu Funuansinasuulasuudn ihannygisenia v

ngaassedl 2 da Aa

nglan 1 nisuldsuudlasurevesansuudainia (electrode) ludnasulnansefiulfuinnlszy
wnanszualni (@ fruszuy

ngden 2 dwiuszuuiilWianszuansdlulBuinnaty wiaassarsiuldsundasuudainilnaziily
dnaulnanseiniminauya (equivalent weight) 189AMSIMATIL LARGNALNTT

sM,it

m =
nF

e m e warasasuudnlilih s Ae dulszdvsuiaansduiusunsiinanaiail M, A Uwitnezpauvisatiminluiana
i A nezualvli + Ae Ladld n Ae Suudidneseunaneleuluszunuaz F Ae AAsivsung (96,485 Aaaul
AaNFuALIYA)

fermentation hydrogen production nmsuan lalasiauaaenisusin

nTzUAUNIININ A INAs B Ut asaanavisaiinnsilasundaimaniilagenAaieulodinanainqdunsd
weatdnlalasiau sruunfu 2 woy laun naevalnuuululduasuaznisuiinuuulduas nrevinuuulalduas
a NI I v 1 o s = ql NI :: v ) L
wuluwueinisenluldannipsaunueulailalngaiua (hydrogenase) Mlasuanssenuswinasiulaingn
] a a S o . = a N VYV ) 24 a a S Y a dl ]
iU TALEEAUYIIE (organic waste) viFa T4 (g biomass) iihuufalalnsiau uazuananansduvisddnaumeau i
NSAUATRN (acetic acid, C,H,0,) neAlialisn toutyric acid, CHgO,) uazmiuaulasanlaf (5 carbon dioxide, CO,)
drunavdnuudlduawmulunueFenldldenaAunaunsodaunsznmeuadlainueulmiliulntiua (irogenase)
N9 2NALBUNFEINNINAILIS @ biomass) laufialalasiaunazndenu deandananueinisuanlalnsiau
Tngnisniinlunisldenuaivgramnssy 1Aun neaANuIANUinlaReaiunszLIuNIg

WAL

CH,0,+ 2H,0 —> 2CH,COCH + 2CO, + 4H, C,H,0, + 3H,0 ———— 3CO, + 6H,

6 12 3x 673

CH,05 —> CH,CH,CH, COOH + 2CO, + 2H,

6 12
. QAL AT
BiietUeho] ! UDALALIAUNTE]
NNFINHAT

nsFuanIw
(pretreatment)

nnsvin

nsuenuia
WARSTU

'

TLULWANUD
S
WUANLTE

1% o & da a o oH*
TagdaiiidansBurst
fluasdlsznan

N9TUIUNITNIIN
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flow field plate wWuaaINIINgIna

1 ° = ] qe’ dqll a 1 | a (% v s &l <«
weuhininfian wlivewir (9 waten Wutuanzsasgiuuunneg agAniudiaiuey vienszaEATLaY
Al duda i viamihiduaemnanisivadtasnvesutaitdvind §asennda il msessunanananuas
ANUFaURENANLTaS THANMUWTALSIUNLTAAIATBINGS () fuel celh NUABANIN Uazn1IzMs 1Y JUlLLTBNTRMmM N
nsaidusulsdrAyneaussauznisvitnulsugadidainauiasnasananisaalouulaaisuuiingu

1 24 a s o Uy v QIAI L7 | 1 o a a =

unsuia wamanTanii i uazanudeuniugilace uazsialuung wu lane unslin arfusunaunedn visa
o A adAa o . a . O X = | | | o v
Fanaundiafiasnan (stability) a9 insaulneinTanuirugivsaianzsasuiurainienisivaniassniu
dmFuilsrnaunfudiu (stack) LHULTNZFANANQINTUY INEAYALLTILTIURGLEY TDAURGLEUIDINIINIS 1A
dl ° = l&l ] = v | 1 & o v I3 (3 1 a o 1 ] v o a g
fvihanntane Ae Augthng wssuliunauwnuns ldinilagaduunadn uiinnsianseudng damuadunsing

v t!t < &/ a = o a =
1hun nusannIznea AnuvLLus wlwmnndss Tuglenn s1Aume AnsuaureunedndauiAdnaanuns i
uAt AN AN WA wazlans

uiuien1enis anuy
Conventional

uiuien1enis vanuy
Interdigitated

wtuian1enis vanuy
Serpentine
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- | ||
— |”| ||||||||||
||||||||||||||

L

ajp ' =l ||~

wreanenas iananaclaz:
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Zﬁafmftqu
I:

fossil fuel LADINAITINANAILSIN, LTaINAINaaTa

Aamamaneaiiavantannusitesdlsznouvaniiulalasasueuanunsnlfuanlalasausenisvesuanelo
(@ steam reforming) L%@Lwaqmﬂﬁﬂﬁi’ﬂm@ﬁwuiﬁﬁ%uuuqm‘umrﬂaaﬂ‘iaﬂLﬁmmnmarﬁmmaqmﬂﬁﬂfmﬂé‘mi
LLa“a“auﬁuameﬂﬁwwLa Wnatndes ihdavdeuduAuitutaslusrasfuiRanisiilealneuuaiise
Auldeandiau luszazdaunipumiens nae uaziiuny ﬂaumummﬂuﬂmq nelausasuuas ammum
Aunavanefesduvinlfifianisulsanimifuduiiu coalification) ALUTNMLAL WioIfANITLARALA
spsansilaznaulalasmsuenllasauluduiuiilassadeimunz aunaneduna sinifudina @y Iaun
1hifu ufasssuanAsiuieeuiiu fuhif neeiiy uasufasssuanAaniiuiuniu shale gas) Al

n‘dql’ a

fuel cell LTaaLBINGN
¢ Y i i a o [ a X T -1 a o

gunsnlipllnih (electrochemical device) MulAeugindsnuAil (chemical energy) vBsasAIALViFIBINGUTH
wasululih (electrical energy) Tagsinsd TaslaitinulfisennisinIvgd nsvirnuaessadliimaspatLLnAaS
Tnanannszualvinlpanssannidamduasmeandladinljisaailivin wazliesdidsznaumdnimiouiu
Toun 9l uazBiéninslad (g electrolyte) daunndnsszninuaadiamauaziunnes An uwunnesidu
gUnselifiunasnu (energy storage) LBINUNAIUgedauazangnsidnusunmesTuegiuLTIUAIT AR
nussqlunummes Ufiseuadiiimfsauluiumnesasudaed wazenafinnisynsauassasdtsznounialu
| v a QIJ =< :‘: k% o a o :; NI v U a aaa IS
asaliiianiefiauuesatsivauazmeandind dalnilununinesazgnliszninaniaifinlgisanaillvi
dwaliongnisldnureuunneddy lusnzigad wsmasiminduiesgUnsolifdounda Taiuise
vinauldetnailawmsunndnisileuansaeiudngezuy lulinisFguvesansfssiuanniradizainas
gniiulunsaindulsznevvesaadiliamasings davne Mindwldlugsdaamaclugnldlud§iseausvineu
danalviengnisldnuvesdninihigs engnsldnulsasadiamadeniununi

. B B

aunanlilaeug y . . . .
e ! ANTONAUMT 1 ansolilaeus ANSFABUST 2
W& d | arnau |,
- YIRIABINAY WA viaaaandlad
ANTPNAUAIN 1
VFRLADLNAY l
:: v a dl a (% « aaa
ANTAIAUAIN 2 ARSI
Visasaandlad WAZANUSDLUNART
P a
LLUC‘]LC‘]Q? CiBHISRIYIGN

edidamddinanania wirlefilfufalalaseuiudemas tdun medidamduuuiunsuaniAanlleney
(9 proton exchange membrane fuel cell (PEMFC)) LsﬁaﬁL‘J&I’aLWaﬂLLUULLﬂavaaﬁ (9 alkaline fuel cell (AFC)) ‘ﬁlel,‘i’f
wedwefifludidninslan (g electrolyte) [radiTmAwLLnsanlaansdn (7 phosphoric acid fuel cell (PAFC))
TAdAINALLLLeAAN AT (9) alkaline fuel cell (AFC) “TadiamAL Lol due (9) solid oxide fuel cell (SOFC)
LLazLfﬁﬁéL%@LW%@LmumﬁuaLumwaam ® molten carbonate fuel cell (MCFC))
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fuel cell application nsiszanaLTAAITRINGS fuel cell efficiency Uszangniniagiuaings
il sz lanilivansgduuy Fufudszinnues mmmmmmmmaéﬁjyaLwaﬂ,uﬂfml,ﬂ?gﬂwé’qmul,ﬂﬁ
gadideuds dhmnendnldfumdmdnu owliity  Wundsnulniiszandnmsonenmadidamas
viherdninihaadsslnih vidaifhuamendanuliih - (oyerqy AD HAAUTININNLUSZEANENNEIRAAIL
dmiuepfBeufiszuuanedairinlullie viefluuvas  guvwarmans (thermodynamics) (1]q, U3z@nsnm
endnuininlfuemeslusiueus i s0sus ANl (voltage efficiency. 1) uazsz@nsnn

\TAAIBINGY (fuel cell vehicle (FCV) salaeians Baifudyns  1aenszudlih (current efficiency, 1))

& a v ve 7 v o overall = max ' |E ni
wadamaslasunswaun lnduunndnas waldiu 1 e 71

a A I's X
uwasnendsudmivglnsaliniannmnisige a9 UszansnngaARUUWAANARAS (thermodynamics)
Msdnrata AaLRILARSAANA ATUINAINEMINAIUTTUINNWAWWATNLLE (Gibbs

Fasn sunafuunasanendaanulusnuainia ﬂ‘-v‘-gﬁu

free energy (AG)) WazLaUNAL (enthalpy (AH)) U8y
aQaa dl a &I 12 ﬂqj a
ﬂaﬂi‘ﬂ']i"llmLﬂﬁﬂ]UiUL‘ﬁﬂﬁL‘]]@LWﬁ\i

-AG

T]mox N

-AH

dsz@nsnmaednd Iin Aulruendmadauang
Andlni1A34 (actual potential, B sadndlnim
nouresliisenssninaaeinauacseendlad &)

Electricity Electric E

Fusl Drive TI = o=
cel B l_‘lr Motor/ ' Er
Qg‘- Generator

Usr@ansomidanszualiiln Aulandmnsdiuaeg
nezudliln @ manszualWiniAuiuandmsinisla
ITBLNGIUDILTARITDINGS (dNE/df)

ni:i—

o
ot

EFEEEE AR "

- e F

4‘ = o a @ 1 4‘1/ a
e n Ap nudidnasauseluianateslninauas F
B A1ALFITDINT UL (96,485 ARauinanTuaLys)

dmiuszLiTad e ndiszneudanirad e inds
LuradunIuaYsTLLaE (auxiliary system) a4il
Usz@nSnamiamziumiy 1, Ustangnmsiuaes
STULITAGARINAS (Nyystom) WEHAWNALNARUITNIN
UszAninmszuuaheuazdsrdnininiraditemds
ANANNTT

e =3 . T]sysfem = T]oux T]overoll
ffﬁﬁLSU‘CL/.:'\‘a\'lLLU'Ll‘WTW\'TTllﬁi\ljlr\?QLL’U'}JTW‘H@\]‘U??’?\
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N (Yafm 49U
G-H

gos diffusion layer fuunsufa

*'i'a@Wguﬁﬁwﬁ’]ﬁﬂi:mmLLﬁ'ﬁiﬁLﬁ’]ﬁﬁq%uﬁaLéqﬂﬁﬁ?maﬂ'waﬁmaua wazvimtiiideiudidnaseuiafioyfiden
Lﬁﬁiﬂﬂﬂ%uﬁ%uﬁ’)Lédﬂﬁﬁ?‘ﬂﬂuvﬂaéé@mad ) fuel cel) dviLiTaddmadTiaiay (g) proton exchange membrane
fuel cell (PEMFC)) ﬂjuLLwa?LmaLﬂuﬂjummiuaummmaauuum V3ONTTAEANS DY sz nauedLiraLh
(hydrophilic) LLawimaum (hydrophobic) Auivasiuumsufaiadty A Sanusumusm anumgugs arwsn
pauAunsdeanyasin (g waten Tieghaminzay

hydrogen economy irsugia lalasiau

sruunduluaunaeinldlalnaiauidusmnamgsau energy carien Hudiamawdnunuiling@en Awilnun
L3 a . a o [ Vv Ny YVar o v
981U UaAATA (John Bockris) AMNU3HHN General Motors (ugiaunluil a.f. 1970 lalasiaulafuanuaulatunli
Tuswndsnulpaianzdmiuiprasauniun ndnnelu (9 intfernal combustion engine, IC engine) UAIENUEIUA
ﬂi”mwm'wq U SOBUA SAEUA Lﬁmmﬂmmmwam”LﬁmﬂLma'\m?”wmmmammmﬂ Wy wanlalasiau
Taansuantingae i (electrolysis of waten) Fanananuasening maau mamia‘imwu‘immmﬂﬁﬂ
lnsdeugduuuiiy @iy Uiy ufasssuns) visetinsidaunauny @Authifu naneniniiy visendaaniiua
@ biomass) sulufansudninunszuuntsmedanan sy uananinanaaRlannsnInitalasiau
= v kY I a s s L o A A o
Ap ANFau uain (@ waten lLlifinmsuaulnaenlan (g carbon dioxide) ufiaiFaunszaniiiuanve
wasnsifaeuulasasiionnia viannizlanseu uazluifnauniauunadnainnseniviiiuawnnuesiym
a IQI | :; = dy YV @ | K2 | Qy aQ QI g v
szuumaaunala eeldnitiu wanigdnsnaliinuin nialdlalaseuiluammasluiesessusiun lundnialu
(9 infernal combustion engine, IC engine) lrilsr@nEnmguiisiasaz 38 ganinuasihiuuuiuediiiedenas 30

Feed Stock Conversion Process Distribution End use
LPG > LPG
tanker \ FC CHP with
_ Ethanol reformation,
Ethanol > ianker » Micro-Scale and
NG Dlsfnbufed Power
Natural Gas > P|pel|ne
Central Reformation, Distributed
with and without CCS power FC
Central Gasification, Micro-scale
Coal with and without CCS$ Tonker FC CHP
Central IGCC and H,
Biomass gos turbine, Grid
with and without CCS \ H, elec'mcﬁry
P|pel|ne
Refuelling site : FC vehicle
reformation
Wind
generated Central electrolysis
electricity
Grid Refuelling site ,
electricity electrolysis » H, ICE vehicle
mix
NG Natural Gas CHP  Combine Heat and Power
ICE Internal Combustion Engine LPG  Liquid Petroleum Gas
FC Fuel Cell CCS  Carbon Capture and Storage

IGCC  Integrated Gasification Combine Cycle
landsnulalpgiau
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hydrogen fuel processor nihananiaawaslalagiau

| a oA dl a ‘Qy a | a A a) = | 24 a Vv aaa
wrelfiRnisnidlunisnanaainadlalasiauainauiiuvselingidey 1wy uwiasssuans Usznaumelfnsen

nsilesudaelon (@ steam reforming) laufialalasiauuazarfuaunauenlanlfisentamasuiadng
(5 watter-gas shiff reaction) szuhepnfuaumauentafia: loihIanduiTuuialalosauuazufamsuaulneantas
() carbon dioxide) warlffisenaandindunuuidaniinuasniiuausauanlan (preferential oxidation of CO) $x114
miusuusuanlmnuazeantaulandndumiuuiansuaulasenlan g carbon dioxide)

mssnasumelatt: CH, + nH,0 «— (0 + m/2) H, + NCO
Jamesufadng: CO + H,0O «— H, + CO,

andiadunuuideniinuesaiduauuauenlan: CO + 1/20, «— CO,

Tonansunlalpsiaunlddmsuimadiannds @ fuel cel) 1o Wi imadaamasriamuiisutanasulilsnay
uU

() proton exchange membrane fuel cell (PEMFC))

hydrogen production nsu@anm lalasiau

mmamuﬁ’a“l,aimwuﬁﬁmquu?@w%fﬁwmmiﬁy’qr?iuﬁmﬂﬁﬁ?mmﬂmﬂw?aLLmeaqa nezLUNIKARTLTLan
snnsiasy thumalilaivdn 1Hun nszinunamemuien dhemal process) iy nnslwlslad @ pyrolysis)
NIFUNTNE] (7 gasification) N9ZUAUNNINIUAL (chemical process) Wi Nsanady (reforming) NT<UIUNITNNT
FUATIZIAUAN G phoTosyn‘rhesus) NTZUAIUNITNIIINAY (elecTronhc process) LAZNTZUIUNTNNTINN
(biclogical process) 1aRRRINTTLIUNNSUENYAeNTE mumim‘mmammumaLW@L‘WMH? ananw walulagusn
fdrdndondad fe nsuanaanetihdae i (electrolysis of water) ﬂ'«v@guumm‘lﬁu‘lawanﬂwammwwmﬂm AD
msarladuitiemdsneleti @ steam reforming) dadrfindrdnraanisudntalasau laun Aldanelunsudn
AUAIILLRIgLNnTal viaTanlunsTuuNIuarsLAviBn naaInsTLIUNTS

LA U AVTAUAATININ:

Gl g v °
ANV9NE: NTTLAUNNINITEUATITILAL/ ﬂzwmuma?i%lmmmﬂ”lam .
N I o A Y3ANTTLAUNNTANTLATUL9EIU

‘o’ s - IS v 9: -
il nezuaunganedumelatinves
ﬂﬁ‘z‘].l’]uﬂ"li‘ﬂ@ﬂ?ﬂm‘ifuu’]\ié’]u

Qﬂmmu NFEUIUNITUNTWE

é

ueaNeEad: NIzLIUNTINETY

n: nazuaUnngme i

nsnanlalasiauainansiasiuatngng g
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hydrogen properties autinuaslalnsiau

uRalfalindunutamidausssued Wy Tuussenniiufalalasudszann 0.1 a'auiuﬁma'f;u (epm)
WaURuszauniL 436 flagaselua sadldndanuaanaiusrssninees mamwaslmmmﬂgmm LU quammu
visaldsisalfisen 1 3 TelglnAuiusuanilsmeunasianseu ma Tsiiten orotium 3 1 Tsmeuthwiinezmex
Wi 1.0078 Pamei3ey deuteriumy 3 1 Tdsmeu uaz 1 Shnsautimtinesneuwinil 20141 waz FELe dritium)
i1 Wsmouua 2 Thnseutimineznouihiy 30161 anilanusfuwends vieveanar faurFmeniann
wazmatnndilanaunazuanseannitamdseanaedvanesznng

autmam luesunalalngiau

(BRI

NEMNUEAUTIEBIENATAL (onisation) luaniuziy

1

1312 kJ mol™!

waluana 2016 x 107 kg mol”!
FLEZNNURALTEVINNTALARA 0.074 nm
NANIUNTAANLNUSS 436 kJ mol™!
anuilesauvadlalasaulasauiraalnimguugil 298 1nadu 0.035 m?mol™! o
ANUVLALLLA 10133 Alathaniauazgumvgil 298 1Aaiu 0.084 kg m™>
9AVAaNMAIN 101.33 flathania 13.8 K
JaiAaAn 101.33 flathania 20.3 K
ANLAANUFOUTAMUALLTTENNA LAY 298 LAAIL 14.3 kJ K1 kg™!
neazaneluiii 101.33 Alathanauazgaumgll 298 1Aadu 0019 m®m™
59 wWeeuieylalasiauiuidamasingu
lalagian  wnnuea lanuaa Twannuaa
fnsnaruanslalnsiaulnetiviinluaainas 1 0.12 0.13 0.18
dwmiihnluana ofu/lum 2016 32.04 46,0634 44.10
1 a s g
ATV WL T‘iamm/gﬂmﬂﬂmm) 008375 o1 289 © 865
7 20 R9ANLTALTEE WAY 1 UITENNA
AAABA (BIALTALTER) -252.8 64.5 785 421
AUl @irniTalgaa) < -253 1 13 -104
mymmnmmmsmmﬂmiw 40750 AL i N
Gotazlnaifung)
nsuamAnsuanlneanloRfeniendwnu 0 1.50
Qmmﬂumjﬁ;mwLummﬂummﬂ sgs 285 93 490
(@IFNLTALTEA)
m'wmw%auqa (unzga/ilaniiy) 142.0 22.9 29.8 50.2
ANANLERUN aunzqa/ilaniiy 120.0 20.1 27.0 463
mjwa;myLLu‘lleQamuImﬂﬂ?mma? 406 e B e
AnA-Tluneans)
ANUNUNRULNAIUlAgi TN 39,000 6,400 - 850 13.900

Ana-lussenianiu)
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hydrogen refueling station aniliauunalalnsiau

a a (24 L8 a o I NI a a q: @ ol (24 aa Vv
aniliuuialalasaulusnueus walulagivazginsniunnaeaniildluantiisnisiiusauiaweaia nezsad
UfiRnmsiuufialalasiaunanudiuas 00 1) wazufialalasiauliandenuneilBunsei 6.6 wWnzqanadns
rawvimthnussquiialinulsnundesnislusraznainunzasadadaansit

TAsansansnanniinuuialalngiau

hydrogen safety anuilaannausslainsiau

anminluidasranaifingiRmganuialalnsiau danudrdyuinidesannuialalasiaududamaiiuinagn
Plvalaae wazdaraniteaasdiunauninadanll waznissziianiteninaaslatiiuniauiasssuana

v [ a cl; I X a a v a I
ApaNInaUluNIgInsziasiinm Asdlanaiallnduazezidnganan

AsLFe L LA LTRUR I TaINAY

ANiR 1alnsiau laszmenuuau UNASITUANA
Ananinaasniaiialadin Gasazluainie 4-75 1.4-7.6 5.3-15
dnanianisszide Goaazluainie) 18.3-59.0 1.1-33 5.7-14
wasuluneyeszidn (@adye) 0.02 0.20 0.29
guviiarlwluaina @emiaaides) 2045 2197 1875

hydrogen source unaslalasiau
a9 lalnsiauuasdtssneudAyuei @ waten uvaslalasaiuousgs) Taun @Wemdemnansussii g fossil fuel)
wazillnsidey uazarstunsdludoua (g biomass)
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hydrogen storage nsinulalasiau
walulagnaiiulalasmuinelidusmnndsnu energy caren vralammas wunfunaifiunisnianiw \iu n9dm
warmovirlmduraanar lusu wazmaituleefaiuszniaeil wu lanzlalass (Husu lalasiauduuia
Aa¥ o 2 = 1 o o oAA o o a o L. 1 v R
NmTnuNAsdANurTLIUNESusn Jlaennaaasnigainaadiv dommability limit) Tuaeninessnindgeaas

= a ax @ a A o o o v =<
4 D3 75 Teatfuassluainid Agnnaiulalasieuilfunuuinidasadeuasivunzfudneuznnsldua
ANudAY U snaunfadsldmiaiulalnsiaundiininun nulsenszunnuaziiesnadniunnsdunaauls
Tuszaznsing daulsaliinluidiymainans widilfadenungudalutuneunisfivlalasiauduran

msreBauiisunalulagnisitulalnsiau

1alngiaudn 1alngiaudn .
. . . . lalnsiauiman lanzlalnsn
ANNLAL 350 UG AYNLAL 700 LS
AMUULILLLNNTA LT uNms
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slush hydrogen adulalnsiau

lalnsiauszninsanuzrauvaiuazrewde finngungllindanveauvan (259 aspnaaidaa) neligmyinia
o 4 QI é’ v s a =3 { Vv kA v
viiAnuunuuuiauiesas 20 (85 nfuRedns) uazausnansraziaiulalagiau iiasndesddninuiau
WuAneiaauaouzaedlalnsiauasads Aunnzdwdulszanadunirug

100
Critical point
o)
a
©
E
e Boiling point
7
o
e slush hydrogen
0.1+
Triple point
0.01 T T 1 1 1

5 10 15 20 25 30 35
Temperature (K)

Tgnieaedlalagiau

solid oxide fuel cell (SOFC) iaatainauLLann maunduda

[TRALTRINAY (@ fuel cel) fiTsEnnalas (@ electrolyte) L‘ﬂummﬁﬂﬂmLﬁqﬁ'ﬁmmwgu iy efladied
itsRenuie (v,0,-stabilized 210,) ufadiawasidun uialalnsiau feendlad tHun ulasenFiau vieanis
frasalienidouelun 18un Tavead-meslaifly Co-zoy vieinfa-mesladly Ni-zoy Fauswuiisen
fualng Toun weuntuuusnilaeanladiliiedreansewiioy Sr-doped LaMnOy) AUNYINITVINU
600-1.000 BeATATBALAZALEL 1 ussEniA Falfit @ waten LLa:maﬁm§auﬁqmwQﬁQqﬁq 800-1,000
avrnradea Hunandanans linulfisanadviin

dunlnm 1/204(@) + 26™ —» OF

v

daualun Hy(@ + O — H,O (Q) + 2¢

Ufisensu Hy(@) + 1/20, (@) — H,O ()

idsmsuannszualniliszning 1-2,000 Ala¥nd dszdnsanlumsudanszualiiiaragedisdesns 60-85 ald
luszuun@nnszualningiu (co-generaton daf An fiafesnn uazlsz@nsnings anunsaldiusaldise
Ivangadla faslfisenanusonuarstuleulunfadamaaanuisaldufialalasauiliannisudegans
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Aerunaneriln o ufi@sssumAnuiiu wiallnsideuras (PG) visawufiauaanagad () methanol,
methyl alcohol) daids Aa IAgUIATEY (start-up time) UL uazMsigAvTainnTauTasdIULlsTnaL
Wasannnisvinuigungliaaunuizdimivnisdszanmidwnsosdndalindwiulseugnamnssy

I a a a o < aQ o
wazlsanulninau A luy LN sHaAEN N LA Y NS ANMN 1AL

Wunenisiva  — —
a @
UBIBLANMTAU

1alnsiau 1
o
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ualun  Adninslan  wnlnm
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raALARINALLILaN [TAYR DY

steam-iron process nszuNIg lat-man

ﬂizmummamLLﬁa”LaImwummwﬁﬁm'ﬁLmﬁ'qmﬁ'mmmmamLLﬁ'a”LaTmwuﬁ'ﬁmmu?egwéqqimﬂﬁfﬂﬁﬁ?m
FAndu-aandiadu (reduction-oxidation reaction) wavuanasnlas (iron oxide) nsauundlng
(magnetite, Fe,0,) UsznaugaeLliieen 2 4u Tiun duseliisandsndu teduction reaction) Teamdnaeniad
AELATAT (reducing gas) LU wiamduauuauanlas uialalnsaniuau LL’a:LLﬁaﬁ\‘iLm‘ﬂ:ﬁLLﬁz%u‘llmﬂaﬁ?m

aanTLAtUIaanfAlelatin

Uffisendun 1: Fe,0, + 4CO (or reducing gas) —» 3Fe + 4CO, (or oxidizing gas)
Uffsendun 2: 3Fe + 4H,0 —» Fe 0, + 4H,

ﬂﬁﬁ?mim: CO (or reducing gas) + H,O —» CO, (or oxidizing gas) + H,

a aaa v = < A I | 1aaa 3 A v < I YV a 3 v
wazifinditendranasaus Alulrddisendun 1 wer 2 dte Asaswaliifawmdnasnlan livatagduuy
Tundnsiud 1gu Jalnd (wustite, FeO) wazifinUfisennisunnaans / san@aduausiuiuuinndan o fu
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Tafel equation aun1snawa

aunnsuaniAuduiusszvaedndlnihdaiiu ap @ overpotential) fiuasnisnuguduuawnszualnli dog
aunenlaresfisemfauutalniigen A 1 = log G / ip nemuansnnuduiugsznan 1 uaz log @) BN

nsnua (afel ploh ANudulansmianANudunma daofel sliope, by Uffsenniaudunimaun
faaunamanduainisiialfisasqadaunuiinant log (p awnsmimiaanuisaldlunisAniunszualii
wanulaeu (exchange current, ip) aadtlgizente

Tafel-diagramn vs. log i

nV)

0.30 1

0.20 1

0.10 +
/

0 \ logi
log iy
ngInLIa

thermal decomposition, thermolysis N1saanefAIRIEAINLGDL

nsaREYBIasiIRumEASaUn NaLanattiae 2 aln dmiunmsaatasnuedil () waten fEANLTaL
W lateswingunglauin B Vgunnl 2200 AR wANAUNENTaEaT 3 uaiigungd 3,200 LARTU
wANFIUs U S atas 50 1A leaau aUYA AZABY LLa:‘EuLaqammia‘imwuua:aaﬂ%wuwmwﬁm L
lalnsiauleasu (hydrogen ion, H eeandiaulaaau (oxygen ion, 02 lalmsiau (hydrogen, H,
a . . . ' L3 .
annTaL (oxygen, O lansanlanlaaau (hydroxide ion, OH) lalasiatnasannlias (hydrogen peroxide, H,0,)
wazlalnsinasanda wseauyamasanda (hydroperoxyl, peroxyl radical, HO,) fadnfinvasllisen
nsaaneifigaufaulunisdszend ldeuasudsgrainssuvisaidanidlad An AMuAULegUneal

visaian luNTTLILUNIS AR UgN Tg

HO —> OH+H
OH — H+O
2H — H

2

20 — O

Mole fraction (-)

O+H — OH

2000 3000 4000 5000

Temperature (K)
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| a = VY s
arstlsznausznindlalasiau 2 azmay uazeandiau 1 azmau gasluiana HO Bawteafiumeiusziaiaun
uitd Tuiingu liisa Tureavarnanmlng arstszneuimuinniigalulan Huihdbddyranissisdfinue@ltin
natha fuingauassiundrAnlunisudntalasiauannisifaljisenisuanaie i electrolysis) waznisuannsad
peliin (electrodialysis)

dipole moment

luanavasi

v

AN NALTANINNIENINAIDGUN

ANVIARULNRY (ﬂ\iﬁ']L‘ﬂﬁL?ﬂEIﬂ) 0

ANUVLNLLLT 25 aeATaTEa (NFuRDgNLANIEUALLAT) 0.097

v a 1 W
AnuFauraInIsiaavad Mlajasalua) 6.010

1 \( o

ANUFEUTBINIEIRAT 26 BeAiTalTed ([Rlajanalua) -285.85 ‘
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o greenhouse effect piosteol
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Moy msitugth

3

@ corn, maize s

o 2 sorting_  greenhouse gases (GHG)
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ihe @ photosynthesis
2 eucalyptus timber \ msdaesiziieua }

Ligedusia | . afforestation
< jatropha, physic nut ngnih / K general
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. A—nalura\ TBGETNR agricultural proauey -, adiabatic flame temperature,
e il e theoretical flame temperature
nr Qi lriFesuAn
< para rubber gtz
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© critical temperature
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2 ciitical Pressure
ANuALIngn

technical definition

< Tice husk, paddy husk Gemmmanaia

uney :
- 5 © critical Point
o fice straw e
sheim
. 2 Boyle's law
e nguesueEd
 sugarcane < renewable energy
oo iUy
o wattle  bioenergy
nasused whdanm
R e ° ener
» WHE alternative energy eyl
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s

< NOy reduction
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°

© air separator unit (ASU)
mhauenmmn

@ refined vegetable oil ail crop
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°

sunflower
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2 flue gas desulfurization (FGD)

power generation
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Fini e
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9 ysed cooking ol
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© heat recovery steam generator (HRSG)
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© scrubber
wikasanufa

@ unsaturated fatty acid
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triglyceride, triacylglycerol chemical compounds
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saturated fatty acid
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°

°

3 2 Rankine cycle
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@
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 monosaccharide
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conversion process
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biological conversion
melFeumsianm

4 a
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physical and chemical conversion

© hydrogenase

Tl
o enzyme catalyst © lipase
sdalfienenlnl T, A
& cellulase

LIagiaa

© ethanol fermentation
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@ fermentation
i
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eteefigugiige
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©
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i

© anaerobic digestion
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s
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®
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wuRiiEeTiasai

© acid-forming bacteria
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@ sulfate-reducing bacteria
wuniiEerlatanddamn

@ plug flow anaerobic digester,
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i

@ livestock unit (LU)
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2 up-flow anaerobic sludge
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sznipuuugeeal
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e i
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o methanol synthesis
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2 hydrogenation
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@ methanation
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o steam reforming
meiofuintloh
@ water-gas reaction
sinnansnss water-gos
o water-gas shift reaction
UifRmoidufai

@ chemical-looping combustion
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& co-combustion, co-firing
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@ combustion
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mawenifhuin
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mmnihouthema
2 allothermal gasification
mmnirhoiouvdarSaumeen
2 autothermal gasification
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< cold gas efficiency (CGE)
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@ equivalent ratio
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© fast pyrolysis
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© pyrolysis > hydropyrolysis
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o hydrothermal process
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< slow pyrolysis
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mstlslodundiienn
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© hydrogen donor
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a-cellulose LL'aawwnaa‘laa

a

pantlsy ﬂm_lsuaqLfﬁaa‘[aael,uﬁﬁmmmﬁ“Wmmﬁummn luazareluaisazarelapaulansanlan i udu
Saeiaz 17.5 mam‘wnu 20 A9PNLTALTA ﬁamLﬂuﬂ?mmmagiaaﬁLLﬁ@?ﬁq%ﬂﬁuanQmmwmaﬁmqﬁﬂuqmmwﬂﬁu
NgAM

p-cellulose finaaglaa

|
a

« Qﬂl = T Vv v v a =
avALszneuretaglaalusssunaiazaneluansazaralnsulansen lrdiuduienns 17.5 Nignmnil 20 asrniTalTes
wazanusannaznaulfilainllvinlgiseniuansazatansa

y-cellulose unuutaglad

b
ol

asAlsznavvangaglaalusssumanazateluasazatelmneulansanladiduduiasas 17.5
20 asAEaLTag ualuanunsoanaznauliletnlivinlgisenfiuasazatansa

uvnd
U

Y o< Y
dulaimaglaausanainanniain

. . . aa a 1%
acid-forming bacteria LuANTEAUARTINNTA

! Na A a N oal Y g v o a No | . . Y . .
nfuLuANFyTEaeasauviatnazatei iilunsaaunsd 1 nsANA (formic acid) waznsALndy (acetic acid)

A aed
ﬂi:ﬂauﬁaﬂaqa (genus) Psudomonas, Flavobacteria, Aerobactor ae Escherichia ansauviadauiluaimng
A vy 1 ¥ = . o

UBIULANTENGUU 1aun mmaTmaqame (7 monosaccharide) utls (%) starch) maQTaa (9 cellulose) nealusiu
@ fatty acid) lsAuuaznsauadlu emino acid) ludunauusnlunistasiendnuiadanin (@ biogas)

a S a & N a a v oA . . < o
nanauviatiiinaruiluatsansraLuAnFavtinad1aliinu (@ methane-forming bacteriay Tudumaudinlyl

adiabatic flame temperature, theoretical flame temperature gaumgiiiladIualaenuin, aungil
wan mnung s

gunlaegauainisuenindidnadiusinieniavsessndiau fudamdwnunge] uaslilinsgadeanuieu

gawanden udadu 2 dszian Ae ammﬁLﬂmiwLLaLﬁmmaﬂﬂ?mmmﬁ' (constant  volume-adiabatic
flome ’rempero’rure) LLa“"ﬂmwnuLﬂm\lWLL’ﬂmeLLUﬁﬂﬂﬁ’mmumm (constant pressure adiabatic-flame fempero’rure)
‘LT\‘IJJﬂJJﬂ’WI']ﬂ’J’]LLUULLﬁ‘ﬂ Lummﬂwmmumm';‘l,m“lmumqmum’l,‘]ﬂuﬂwl,ﬂaﬂuﬂ?mm‘uma‘ U mammmumu
anmamm}u ﬂ’l?LNW\leuﬂi‘uUﬂﬂqu‘HﬂdLﬂﬁ'ﬂ\‘lﬂumLN’leﬁllﬂWEﬂu
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aerobic digestion nstiaaganauunldainie

] o ° a ~ s v a a @ o a a
nezuunNsanAansviureaurstadldeandiaudass (erobes) unanlunstesaantanstunsd wandn
Alaannistasaaneanstunse laun mfusulneanlan (@ carbon dioxide) uaztn (g waten Inaluifindinu

a YV o Qs qul a 1 a v = T a ] o o <~ & 4‘ ] gul
@ methane) fauldthimindeluvaila Tngsesdignsaliiueinia iy fwiuvsely Wenuiinaeaniian
seitaviuvateu Aemadldndanunin anifymyuusassiidideluwasiessumalugiel we. 2527-2530
werumamanstiinagiginaenasinamswiadlasenantnsiseundyifom lutl we. 2531 msasrhing
AaiuhdeimuimeiAteiniaiiod seunlasunsiaungduunlvivunsdunisldou wazifuifisuuwnsvansy
UFugaauniminluasiin Ueth vusaiuazaaedrnge lanaaun

AL WU

afforestation nnsignii

nsadaiiuthvisadgnauldvuiuinlureduhuiney adduaildsiing s ¥ Taanistan winuudn uazvse
| a v o a §Y A Ao a % o 'S < = =

nsduasuliveneiugmusssuna Thiulassniseneiundideaivayunisgaduaifuey Judnnadennia

uanannsiuyth fMegraau lassnnsguddnenisimunianiiudauduileawnainnezssns Sminazidans

1A9INNIWAILNALTIRIUNANNNIZIN VAT LUALLAANTZUNIANT WezLsusatunn  iaun lfymdaudsiunguna

paeen Anindeslny auhilnaszaanuisud tne ngu dan. Wudu

FOREST

LAND USE

Reforestation )
(degradation,
improvement) Afforestation CLASS
nstgnimnuuuIngrseng fenuuazanuduiiusuasmstgni nisitugth waznnsvianeth
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agricultural wastes, agricultural residue

(% <~

TanmaaiRINNTNERs

FanuaeiaannsnEns luAILANN 9 1U n9zign
< dl a < a Vv d‘y o &

nsiLngINanaaNsin waznald n9ideednd uas

meuszus Jusu dulvglaun fa van wwldeanang
wnau Wt wdnduddlznds audes yadnd
wwavsdnd Husiu dszianivanssgavddulng
dlalaigaglaa (9 holocellulose) WuaeAlsznay
wazlianiu (g ligniny @ndeavisalullias dasidl
\aglaa (9 cellulose) Famar 25-40 Ladizaglaa
(7 hemicellulose) $ae/az 25-50 waranilusagaz 10-30
| P | ~ v
aunrau g iy ladie diraglaasenas 80-95
iliraglaafenas 5-20 warlilaniiuee Tldsdu
Sazay 1.3 Audnlnalantduisedesas 3 wntdy
dnulnnjanunsndesaanslaadeutinunlonauasuuy
4‘1/ QI o a o v o
nunviansmnzgniddnannldfidundsanunaunu
|y nglanuses ludes fwaamaddulseanundn
mia lupu

o o & Ayw
’Jﬁ@LMﬁﬂW\iW\lﬂ’“ﬂﬂﬂ’ﬁmHmi
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air-blown gasification nsundwnanuiinainia

nsun@ne (@ gasification) tnetlauainieifuunas
aangaulvinezuaunsununslieandiaurisans ey
Tunsun@venTanawded mInTinig (g biomass)

'
aa o

niifdanisndnuialigs imenzluduiunisamumng
MheuananA (8 air separation unit (ASU)) GIOLRIGN
nlatiArausaunaudnesuiiasandlulngiauann
mmﬂmamﬂ 1wunzdwsuifludmindsdmsuiaiu
ufia (g gos turbine) waldifuaInGsILATEEUALTA

. s o a ) N4 gy a Yy
(gos engine) dusunannszua i visalitan lotnla

—— —P uia
18 —P = e TanA&EnLINg
020,
wadead

YR Y

/“ITF\

~T=d

\ \‘th

a0 AINF

)
o

A AN

Tnssairsamundnievgdlndiuaildennieid

. . 1

air separator unit (ASU) AUIELENAINIA
g g a

gunsnluanasAlsznanvasiulngiau aendiau uay

24 1 « NI 1 Y
uwiiavenn 1y ardneunlziuageananainia 14l
Tssnunanlulnsiau eandiau uazardnouLsans Anm
Tulsuedn WinannouiunimLEN v aLm LN TWe)
(7 gasifier) NABINITAENTIAULTANTUNUDINIA
wmalulagiteuld Aa nisueniasladnisndutdanuda
(cryogenic distilation) TelAFUn1aWaAILNUILNIN 75 T
walladu e WU N19pAFuAIUFUARL (pressure
swing adsorption (PSA) waznslduuiusunadiuas

. L~ < QI v

(polymeric membrane) LALTlUTLULUUNALANNADINNT
ANULTgNEUeeandiauliauin lullauAnncly
T390uaunalng)
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ufalulpsiau | |ufiaaandiau

78R <
.‘

[3/msﬁﬂﬁ§u][ 4/Mandu ] -

[

n
L <

2/l r >
8IMALEANE

»

'l IH
gunsaluanifaeu
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FLULULNEGT AL U SN BN

alcoholysis uaanagalada

Ufsennsusnlassaisuesansauvsalssinnieamas
nelduaanazed lanandamiuusanadingd uas
I3 a ] a a Yy 1 aaa
weanegadvnlny lunzdnafaladn isedfisen
1amansa wa visaulayd inalnnisinsiuiAeay
Uffisemeudieamasilind (g transesterification)
a '3 . . . (%
waelngnaimales (9 friglyceride, Trlocylglyclerol) ni
\wMuaa (g methanol, methyl alcohoh #liflunis

nanlulenira
o}
A ./
R—C + RO—H ", RrR-C + RO—H
OR' \CR"

UfAseuaansaaladaisiiiansn

algae amane
QI aaa QI a a ﬂ: B 9: [ £
AunanaIALlnluihan wazihmzia agluaiudng
Ingiiamn (protista) HANMuUzAaENY HnaalsWadia
LATNITAE ANN1908590aNTAUAINNNTELATNZIA
AEuas (g photosynthesis) 10 fuiaduuugaiilon
(eukaryote) mf«JLﬂumaammmawmwnaa miauwuﬁ
ypsgmIesenive awanameiasadvimiig
\Thuradduiugla mwmmLﬂumﬂm%imeﬁaaauﬁuq
ANUNTUNUIREY (gametangium) TiLiulgadiLae?
| = . s v
Wiy Talalnitlan (oogonium) wazatasasnelu
s ~ . < | & a
atadusaany (sporangium) ManaLflulradingIvise

o | o Vv LG s Vv |
vianenTad uniTadazadTasaLRLER ameeun
@ o saas . @ s
Wnraneaneiugiatla dipid) Wualsznauunaitag
an9guisiagaz 50-70 WBNWITINWA 1TU Leavisleranda
(Botryococcus brauni) AaaLsaan (Chlorella sp.)
wunlupaeasa (Nannochloris sp.) LUUlUAAATANTA
(Nannochloropsis) waz e (Nitzschia sp.) gy
aienaaleaan wazwuulunaasandaunlduamingu
mazannsasaLinliadneanda Mnanlunisiu
suailumnga (doubling time) Tu 40 uaz 10 dlus
ANUEL Sipanisiuiitiaannn AsdiAnenImgs

Division Chlorophyta Class Chlorophyceae

Chlamydomonas (X2500) Ulothrix (X500) + Ulva (X0.1)

Division Chrysophyta Division Pyrrophyta Division Rhodophyta
Class Bacillariophyceae  Class Pyrrophyceae Class Rhodophyceae

W

sy

ppti . |
Melosira (X600) Ceratium B ; .
X200, - 2phia
Division Chrysophyta Division Phaeophyta  Division Euglenophyta

Class Xanthophyceae Class Phceophyceoe Class Euglenophyceoe

y‘

/-(f “/{ Vaucheria (X600) : 'Nereocysﬁs (X0.08) | _.’ Euglena (X600)

amselinmng 9
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alkaline catalyst, sodium hydroxide faslfnsenaiiaa, Inaeulansanlon

-~ (NI [ | <) o 1.8 QI £ Vv :j kA a
indalavzuoamladmiuuaun vunads Inpaulansentan (NaoH) Taandty Taaln udurenieenaldinunaiday
lansenlan «oH) \Wureswdedun Tamaauau dovaianseu avanslislutn azaneliunsdiuluimiues
() methanol, methyl clcohol) uaziaNLaa () ethanol, ethyl alcohol) luazanslugime? uazsiviazanslalnsasuou
MHlugramnssundnde uaznszae dule ay asdndne iusmisalJaseenifug @ homogeneous catalyst)
nlguldflunszuaunisudniulesiza @ biodieseh wfiniuitaiamaiunnsnlydu @ fatty acid methyl esters)
tnulisemeudiamasiiadiu g transesterification) vastidiuiy vraludninuumiuea (lasaniisiAign

4911 vl | aaa Y s aaa | v a (% BN ;’i
vaaliag ielfisentanlunzresjisenlisuus uazlifFuundndunlulanimaglussazinandy

Tmneulansenlafutingn

e . a 4 1 v
allothermal gasification NIFUNTNIEAILILNAIAIUTAUNELUAN
a = i Ay vo v [ a = v A g v v
nsuna@ne (g gasification) MlATLAMUTAUINUNAINEUBNLAUNTYNE () gasifien Nsunlndiialianusau
aQ X J aQ ¥ aQ o s | a/
azfinrunieluminignesnuunuaneananinundnig wamasdriunisenlndenaunumniainnsaaasi
POUTDNAIUTRINNITUNENELeY vialdamanRuANau g usuamieiidlunisWauninisundnianiedon

(indirect gasification)

uiaNAnsum uiiaintngd
(H,, CO, CO,, CH,) (COy, N,, H,0)

@& mufeu
I
AU IAILLUL _ { ‘

a v
nasunanael MY n13Lun Il _

. = " =
Wgdladunumasing a4TanuLA vigdladiuauuuiia

VIBLNANLAT Y

45’ a <
SIRINIBNISIN

@wra ey nn) 840-860C ‘ 900-930°C
l g .

lath 2INA

SN AIEUNAIANLERUNNELAN

a v I v a < a 4‘ Y oaaa v 1 14
ﬂqi‘LLﬂ‘ﬁW’]ﬂﬂ’)ﬂLLMQ\TW?WJJ?@UﬂWﬂu@ﬂIﬂEIﬂﬂﬂLL‘]_I'LILﬁﬂLN’W\IQ'BVLWITL‘LIﬂLLﬂﬂ"J’mLm’]LLﬂ‘ﬁWWﬂLW@SL‘]Iﬂ{]ﬂTEI’]LN’]vLMJJﬂ’]u‘]ﬁ?
ol dy a a 4 Vv las dl I o a % ° Vv Ql I I v o aaa
‘Vﬁ‘ﬂL‘]IE]LWﬂQLﬁ?MiMﬂ’NM?@ULLﬂ’m@eL‘LlL']_IﬂVlQﬂﬁ\‘i‘lﬂﬂ\iLmqLLﬂ"D’V\I’WEI qar;fl,ummmmmmmmumqmau”l,ﬂmﬂgnim

v dl a X | a ] U I3 | [ a < |
Qﬂﬂ'ﬁll?ﬂlmLﬂﬂ‘]JU‘JZ‘VT']’Nﬂ’]?LLﬂ‘ﬁW’]EI mumuﬂmgnm“l,ﬂmLmLmWQaimmmma“l;ﬂ
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alternative energy WAWNUNAKNY, WAINU
=l
N19aan
wasumhuldunuaawdanaada (g fossil fuel)
anungauLpuuvaenle i 2 dsuinn Aa wawu
naunuanuvaanldudmun e ndsnuauilang
(depleted resources) AU TaARES LAY WINAWNU
4‘ 1 = = [~y v = 4J |
DU LU gLt wg‘lﬁmuam Wupu andszinnniatu
| o QI A Vv a &I 1 v =
uwaandeunlfudianunsandniulnuudmyuiey
ynlalaan (renewable resources) 1aun Lasaning
au e way 11 Huspu

WANULN

WA ULA g
. o '
WﬁQQﬁuWﬁﬂLﬁaﬂgﬂLLUUmqq ﬂ

amylose uniilag

amylopectin wailaiwniu

Talunadudnenlsn (9 homopolysaccharide, homo
glycans) @esznaumenglaainuay 2,000-200,000
Twana Wauseiulaedifvanelanediuef uenaan
anugnanelanadiainng 24-30 luiana nglaa
\HuasAdsznevlunils @ starch) nnsiifvannvinli
wellamniiudvaneanalawediuedinuauunn asgnees
meeuleddaniiuailea () amylose) Tufudumss
4‘ (QI 1 ql 1 a a 4‘ =

Wavanneulmizutdasnlasaslanediuas (danes
Vv v o dl Ui .3 ] a a

AaIN1g LI nasInalalultasaazeaswaillalnnny
nausliasallaa

WusT @-1.6
Inaladan

Wusr a-14
naladnin

Talunedudnanlssm (m homopolysaccharide, homoglycans) @dtlsznaumienalaasnuiy 300-3,000 lulana
a poly gly 3 )

dl 1 [ (=1 Vv [~ L3 Y a {1 I 1 ] a a
Wwaumanuilwdungs Wuasadsznauluwils (g starch) m@ImaLﬂuwmﬂﬂaﬂLﬂjul,mmnumagiaﬁ @ cellulose)

uwAsneniTaglaanutinresiusrszninluenanglaa vinlvldieulmdianzlunnstesmeiu uellaagneessin

wulsiueliaa (amylase) luaniziaglaagneesmaaulaiizagiaa (celulase) waiilaaiilassaiuunaiuiia

IS a ~ I o P =< @ |
dwindelianszangerlumadivy iasnussasgraasiusslalasiaunaluanaldlueang

sy a-1.4 naladen

CH,OH CH,OH CH,OH CH,OH
o o o /—o
4 OH 4\ OH
\4_[/\ o’ \4_[%
OH OH

TAseadrsaasuaiilaguuuaiuis

TAssaframandauacueiilaa

CH,OH CH,OH
H H
c—o
NN
~ 7 s v s
O Ne—¢” Mo Ne—¢” Mo
[ %, [
Y H OH '« H OH
o 2y
Plys
n
{Asaadramandanagaglaa
CH,OH
ol
CH,OH IS S\C
I S = \ I/I\o/
Fon N T n
SN AT o« H OH
o _
7/ (I: <|: H }VZ@&
Vo
H OH e
oy
%,

ansaunsu wavviunainu | 89



V TIUIAUASWANIUTININ

anaerobic covered lagoon uatitiauuuagula, vatdnuuuAniasaigu

| e o Y =< 1y | v 1 a a aa 1 . .

vathiimidaanuantuiesnii 6 wWas AGUAELNLNAIARNNERIBNAUAINUNLLLLES (high density polyethylene,
ol A o v a 1 ) ¥

HDPE) %32 #3T (polyvinyl chloride (PVC)) vinliiannseasaanauuylaliainia (g ancerobic digestion) uaz

NN9AZALUDIUNATINW (g biogas) mﬂmmuwmarﬂﬂ mm"Luuaiummﬂmammumaﬂ N9NILLAZNNFLALANA

mmamwmmﬂm@ﬂaumua vslmzdwiitautaianm Wanzneuas aumﬂ?mmmmwummmummawmaaﬂ

iteifinBunnesinige

anaerobic digestion nistiaaaanauuyluldainie

'ql Qs o a de"dl o) v | Qs 1 a ¢ ] a
nezLnuUNEnN AN sV urasaunadintilldainia anaerobes) unanlunseiosaaiaatsaunad i aazaunad
Uszinvaazean Haé’mimnvxh%uqﬂi Wsuln L‘hLﬁﬂmn‘ii\muuﬂ?gﬂNammamqm?mum ‘[mam?ﬁﬁmumm@ﬁuﬁé
wuyldldfeniadnanuuafiiFenquadiaiing vsaniluiau (methane-producing bacteria, methanogens) uaz

a AN 1y . . X o § ¥ a Al I o ; s o
AUNTENYUATINNTA (acid-producing bacteria) vinansauvsfeasaaneifuunaainim (9) biogas) a9ALszNaUVIAN
AR U (CHp (9 methane) §ataz 50-70 uazmrfuaulnaanlan (CO, (9 carbon dioxide) Fataz 30-40

:; < jad a ! (% 18 . q:
uanantiufuniaviiaguq 1 lalasiau My lalasiaudalia (,9) @ hydrogen sufide) Tulmaiau (N, uazlat
anunsolifluaamasaandsnuls lulszmalnatinmalulatidesaansuuulyldaniaunldlunistinauasnan

i@t (g biogas) THILUNIARAAMINTTL NITINEAT WATVLIENUTINTT Madaay Tasensauasuuia
Tnmantidelssnugeamnssy Tassmsiaussuundautatinimannaezyuay lassnisuaniedursduas
Ilunaunaupsuassr@un Tasansauasumalulatuiadan nniagravngsy dadnd uazruuuuninszngi
W&y flupu

P\gr‘\culturol Wastg

Electricity

cewage S’Udge whixer & Shredde,

23 i 3

Anerobic Eeges

pamenity wastg nit : digester ] transport fug/
(i N
Wy v :

{

nold & food” ¥
O\.)se WOsf ate (iquid & =
o0 ey

068

a oo~ | A aq 9 ¥ S v v
NTLAUNNTNAALNATININANNNTeaedaneatsaunatuuyluldannAalddundsnunaunu

90 | Alternative Energy Encyclopedia


creo



FZULINA AR THANUE 2T sruunandegunisd e bl
N TUT

STINIEIAR l,\,ﬂﬁ;i’fﬂ"‘l\ INNSIAHATEING

. [ '3
animal manure Uadn?
AAIALINNTTULNLAUINIFTUAIEAINANEDANN

o I a aea | 1 a a =3

N3utIn uasaunaineaiunseasaans INaumiu

= aa 1 @ [ =
wazfiuuafiey 1y yaidln yaln yagns yala yansrile
yadn Tusu Haﬁmiﬁﬂ?mmm@mm@ﬁﬁﬁuﬁﬂj LAy
Tulpsiau Weaneda Twundidey wpnmeTuaLale
uaze1gueednd naenaunsiininm deuvinduilonen
LATUNATINN (9 biogas) NTUNAINNANIUNALNY
LATAUSNENANU (W) NFENsMNaNI TAIN1sITE
Wmumam'qLa?‘umﬁhHaﬁm%mﬁﬂ?ﬂm}ﬂummam
wiatIn 1T undsaunauny 819 TAsIN1gHan
wiaTinmanyadninag i 419 gns nezie
1n Ia Humu

FZTHINARNARTNCINANNUAd s

&l

327 10a7 AT AT vanmindaisgaru

aqueous-phase reforming (APR) n93wasuaas
ma*ﬁa:ma‘lu’fgmﬂﬁﬁ
ﬂﬁﬁ?mma#ﬂ%’uLﬂ%‘muimqﬂ’éwimLaqammm?ﬂ?:nau
sandaufiazanaluigmeheshesnmnzifnaedy
lalnsiaunielalasmfuauduiinn wu Sy
(@) methane) IneldiFisaliisenlanznqu vil va1sn)
WnSUTIL U uwa A wastinfia Lusnsessy Nianels
ussennaasuiaden videlulnsaufigungiigs

Light oxygenates:
CO,
Reforming
Ha

cHo, MO

C-O cleavage
H,

Alkanes
HQO
Aromatics:

C-O cleavage

H
CH,0O, ﬁ Benzenes ——» Cyclohexanes

Ho H,O

nalnnsiialdAsenAeandaiuduusaiiudnam
Tneldunantuilusisalfizen
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A-B

ash 101

wosudamaandsnsun indesnsauysaluaadan@wds solid fuel uazihduniin heavy oil) 1au Tua

I a 9: s < v | a < = % |8 4‘4 I 4‘" a I
(@ biomass) anuiiu ndium Husu iusaziBenuuiadn @ Ustneumeeanlanuessinnlegluaamas i
danaulneanlan oy uraidaueanlan (Cao) nunaideueanlan k.0) uazeanlanvadansiiaatuaghuaangs
Inenavnzouiu iy widneenlas exgiiun (Jusiu lunimngnamnssunisunindldauysl AsdinedeTudingn g
ddnmaasardueundeliiunndidedustfuidieanaindunuidie Wuiaduiuauifuewdainduds
et TunTINNABIATIZARINNIATg IR MUA

v v ) . v ) ' v I v
Ragb i LGH iunay il

autothermal gasification n1sundnraniaunasaNzaunie’lu

a QI YVas Vv aaa Vv I T A 4" a a 3 a Y <
msungvhenlasuanuieuandgisenuen mdussnuanivsadamas fnaunelumungre Inatleusinievise
sanFaulSnnuinunzay uazsninfSuuenmanssinismungedmiunisenlndegeauysal

bagasse audaat

] o v Vv dlq ,: v = 7: Vv = o o [ = v
auuasdnudesnitirdesvisariiniaeanidl TavAlszneudAy Ae 1maglaa () cellulose) Fataz 45-55
iwiiiraglag () hemicellulose) $aeiaz 20-25 @ntiu (9) lignin) ¥oeiaz 18-24 11 (g ash) Feeaz 1-4 uarlutiaendn
Sazaz 1 Lﬂuimqauslummamaamzmw é’mLﬂuLLduﬁﬁE]ﬁmeﬁum?aqmﬁq annansinesnaa (9 furfural)
dAranudauluaing 1,500-2,200 dlaunasssanlandy lafwamwasnuniiotnlulssnuinng visatihliludnuda
AamadidiunaudAnyAs mivauueuanlss lalasiau uazilinu @ methane)

v
TURRE
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bark laan'ldl

1 o YV vy % ] a a % ] e v 4(1/ 9/:; o vV Y s < (= I Vv
auuangnuasiauldeunu luiinnadgiuinua taldbndelidudaliui wesilasiulsaneg sansanifhiununing
° Vv v IS ~ :i ] a I v -~ QJ:; a Vv a .
muaunvasanuls Tuldeandulviiedyeglnndenlidwny deznaunsiaiizaglaa (@ hemicellulose)
a a . . S d‘ll v I a a | 3| | S Qy v
\raglaa (9 cellulose) wazanilu (g ligniny dauitlald uniitFuudniiuganin Wuanuvaaneannisulegld
Hur@nsioun anunsalfifhuromadls evudsgithuramddnueisamu UssinalneldiGantiiynausia ¢ eucalyptus)
Hudam@euiumsield wezifutagaaneanmsudssuldgandlsalugramnssuitiauaznszane

wdantdduly
Waeudunans)

-~ yz P
L‘]Jﬁaﬂ\lll‘]]u‘l:lﬂﬂ 147
(TUNDFADTL)

< v a (S IS
waanld MAAIANTUANILLIEIN

arutlsznavvasanmuldl
bioenergy WAMUAINN

wé’qqﬁumuﬁﬂuﬁﬁ@mmiuﬂigﬂLméﬁnma (8 biomass) KNUNTTLAIUNSAN ) LU Nsun@ne (g gasification)
nsHAMARINANMAY (iquefaction) NSV (9 fermentation) azmsuingl (g combustion) UG Anwnen
il s Temntldiannsndninifiuazanudou Uszmalnelaenssnsrmadsnuiinisdaasunislingeanuinm
LULAN ) Andayaagn ufl 31 Sunau 2556) L TnsennsdadsumalulagiufiaTonmlunadadnd i
whsugnaidisinlasenisndn 1,130 une u@nufiainim g biogas) 16inan 156 drugnunafiumssatl Tasenisas
wsumalulagufialannluniagramnssy dlseume s i Tsenuuil Tseauaimisuanniia lssnuenuen
Tsanuutleglams tazlssanuthenady Whsanlasannsndt 150 Tseeu uaslassnnsdaasumalulagufaianm
lunaguay Jaonulsznaunisienau i tsausu Faasn lssevng 19aieu uaznsusnarinmidnsiulasnis i
NNTUAALAATINIWAINLAMAIANG A1UIUNIT 30 UNS uaﬂmnﬁfafmﬁiaHami@i’ﬁi’;fwmﬂiuﬁmu’]wﬁqmummLmuLLa:
BUSNENGNNU (W) (TuENEd 2556) wudniilselnidanaiiang wddhesuy 120 wie waslselniingdanm
101 whhszin

neta7 LS aiinrannyhdnasedng

a1saunsu wavviunainu (93



Y 4 TIUIAUASWANIUTININ

B

L UNaRINAglse W auralulsandlng

ASHNWEUNIWAIITUNALAL

i UAZOUSNEWAIITU
&

ASSNSIINAIITU

0 375 75 150

nvm A TR sy TS

e WHIBNR : ﬁ‘mmwimi‘nm:u o (RBUSUIIAL 2556
17 et | @i - ffanuEnfinA 1,950 MW
vomtherty mptiew e

W s i - aniluadrssuy 1,109 MW

wruuaasinslssinindaludsznalng days o naufunal 2556) aeaziBanNuFu hitp://www.dede.go.th
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biomass 1128

T e A v
warasiIvTadanInirrtinnig o) Aeuunuau lu
uarlunzia $2UASNANAYTUFAN 1L LUATISE $1 WA RaL
A58 ANMAY NLAANNITHARLAANDERN MADAIU
yadniuazaaadetunadanlswnugAavnesLinems
1 v del [ Vv [~ U (%2
Wy nudes wnau daes Wusy Suureandenu
VYUREURANILNANIUIINEITUIR  (UANBITIRED
lugtlisanstunsendndnuin sigman Ae ASuau
lalngian eandau wazlulngiau Uriuzdutesuin
N15IATITRENMANUAAIIALNITIATITTULLILENGY)
(ultimate analysis) A2UN19LATIZRULLLTZ U0
(proximate analysis) wuwflu 4 4w A AU
(moisture) ANSLAUAIA (fixed carbon) a139¢Lnel
(@ volatie matter) uazidn (g ash) Faflutladad Aoy
NADIAITINDY  UBNAIINATAINLSDULAZ AT UNLNLUY
iaiasantivanuimunzaulunsulsgidundsanu

S

sau e aae
U

LAl

98811198
Bagasse " Canetrash  Rice husk Ricestaw  Cassava Corncob
rhizome

Proximate analysis (wt% as received)

Moisture 50.73 9.20 8.20 10.00 59.40 7.00
Volatile 41.98 67.80 58.90 60.70 31.00 70.40
Fixed C 5.86 16.90 19.70 18.90 8.10 21.20
Ash 1.43 6.10 13.20 10.39 1.50 1.40
Elemental analysis (wt% as received)

C 21.33 41.60 39.10 38.17 18.76 43.70
H 3.06 5.08 4,59 5.02 2.48 521
N 0.12 0.40 0.18 0.58 0.32 0.19
O 23.29 37.42 34.70 35.28 17.50 42.50

Palm oil Palm oil Palm oil Rubber wood Eucalyptus Palm oil tree
fiber EFB shell free free

Proximate analysis (wt% as received)

Moisture 31.84 58.60 12.00 45.00 50.00 48.40
Volatile 48.61 30.44 68.20 45.70 35.00 38.70
Fixed C 13.20 8.04 16.30 7.71 11.95 11.70
Ash 6.35 2.92 3.50 1.59 3.05 1.20
Elemental analysis (wt% as received)

C 31.35 156.11 44.44 156.56 13.25 23.89
H 4.57 1.51 5.01 3.19 2.65 3.04
N 0.02 2.57 0.28 0.14 0.19 0.56
O 25.63 19.13 34.70 24.48 20.85 2291

MagensiissiasAlsznauniuaiiaesinuaiingne g (Laohdlidanond, K. 2007)
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GHGE niuﬁmmwﬁmumLmuLLa:aH‘%’nﬁwﬁ\Nm (WW.)

. ganuasludas 2,254.71 2,901.70 2,517.18 0.00
20819997U
PUdDEl 1,561.45 2,009.51 1,743.23 0.00
[ G 1,006.98 1,143.71 818.59 49.26
W97 5,081.38 5,771.26 413065 | 24855
L S Sy aou gan lu 4nlne | 1,054.84 444,50 175.12 0.00
Fa7lnm 234.25 98.70 38.89 0.00
] anvusiudniznda 236.56 647.13 304.06 0.00
TTudnteras
W TudN Uz nas 183.86 502.94 236.30 0.00
maluthdutisiu 1.09 8.37 9498 | 821.52
o Tenldy 0.93 8.85 10049 |  884.05
hduthiiu _
nranUnduingmu 1.00 9.51 107.96 | 949.63
nzaeduingTu 0.88 8.36 9508 | 836.37
NZaNUENE 1.26 0.73 51.65 59.13
UZNTN 1Waanuazniuuzndin 257 1.52 106.23 121.54
fu AU neaneuzEn 2.43 1.40 99.54 113.89
Saag waandhaas 2.65 1.58 0.30 0.07
el amuilne 1.23 0.05 0.99 0.00
Suvmes  [Edueen luRendiviaes 2513 10.39 0.14 0.00
LRI Tu siu d1vhe 16.01 0.00 13.79 0.00
auld 12.09 86.85 88.55 | 547.98
1 uenanwngn 557 40.39 4096 | 253.34
IINITN
vAwldienanng 1.78 13.05 13.23 81.82
Aanelsien9nng 0.51 478 3.80 23.63
Autlzam nady dullem 101.46 15.94 414,57 5.48
g




biomass to liquid (BTL) malulagiuiaguauval diues)

mMarAREaINEAELATINTILa (9) biomass) NuUNsUNTYIE () gosification) TaufiLnszLaUNsaLes-NsaLld
(g) Fischer-Tropsch synthesis) Laaﬂslmmmal,ﬂmmmummuimmmﬂmum |y wnay Feinalnm nzanthdu nzanathdu
sy annsothidamaanan st g anss (@) synthetic fuels) urlimaunuthuillns@ealalngnsg uz
aAmaiauaimannis iy Wesindsaanniuzdu u']_l?mmmiﬂa‘ nauualsuuAn (g aromatic content) 5
Aaates Snisaanisaiinludnldifiu 50 D4ty dTudaassiasfuidiemdddamaunutiiu
Tnsiaey ﬂ@"guuumm‘lﬁu‘lﬁaﬂmw%ﬁﬁmawammjamemm‘wu@mﬁmummmmumumumﬂmu Tneunnaey
V]ﬁd?)qmw,ﬂﬁ (Q thermochemical conversion) Lﬁ'aLmﬂaawmaﬂ?znauaum‘%ﬂ‘iul,ﬂ“?aLwaqaaniumm%uﬁqm
Bennsvinunisiin nsinlsladetneniss @ fost pyrolysis) dwidszimalnedangluszninanisAnenide
%qfv«htﬂuﬁmrﬁﬁLﬁumimu@iﬂﬁ’um?ﬂgﬂiﬁimL?aLﬁla‘lﬁﬁL‘T?@Lwaql,ﬁmwasluamﬂm

@ o o
UNAANLATIZNUININ ﬂ%
—
— =

i @nsuldlulseny)

o>

~
AIUID

NTLUIUNTT = Gas A g ¢

ngzLRUNNs AR -nealdilanantnTudunsnzi @aa) anTua

dniTuAimaninann
nsrLIUNIsiaes-neaLld

biorefinery Tsandutidiudann

STULUBNNTZLAIUNISULITTLTING (§) biomass) anienudam@s anudanu Tnlih mimﬁLﬁmﬁam wadlues Jan)
Fanm ewnsdnd TaeldvhedfTRnsedasing uazmalulafnannuatesmiu wu nMawmIELIRgAL N1sann
nsudsglimennnudauuaz Al ﬂwﬁﬂmﬁmﬁmﬁﬁﬁqmﬁf Lﬁaﬁﬂ?ﬂmﬂmn%maqqqm ANUDILAE WAZNANTTNL
RoAwWINRaY Lﬁlummﬁummqmmgmam% Tsanduianmauunts 3 nqulngmudszinniesingau Ae
‘Lmné'“u%mwmaﬁmqﬁuﬁn‘iumag‘taa (ignocellulose feedstock biorefinery) 38 LCF biorefinery T?\iﬂéLu%?ﬂ’]W
U0edyiv (whole crop biorefinery) tu dalwa dmand $l8m udu uarlsanduinmaeitasan (green
biorefinery) 11U Waaugninigs fumsznana ‘Wﬂjm:gaﬁ'a Hlusu

€

o)

2

]
&)

-
LRHULIEU

v

s
uanasAlsznay

v

lausTu A3l laLnse Tsmu

’

/ n199IN
n9ilaauniaall =
’ enues ‘ ’ Uaules W ‘\
Arunan
’Tamiamﬁmaa ‘ L%Lwaﬁamw‘ ’ WANARNTININ ‘ @il Tua s

WURARRITIN&UTINN
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. < a I3
black liquor uuananipag
q‘y a ql Vv a
dwaasiidunanaseldaingnainnssunisuan
{HaNTZANENTZLIUNNIATIN RTVNUAL C\H,, 5O,
NG, 48036 Usznausasvasudsanssunseiazanals
(dissolved organics solids) aﬂuuﬂguqu (prlrymy lignin)
< e % ¢ a <X |
wazadndsznavvaslanaudalWmifinauszning
nezUUNINanAnNgzaNe induunliduaeimdndn
Vv 4‘ a Vv YV vV 7: ° < a ¢ o A

ANsaLNanan Ithmemia latinhuuananiaeinduau
(black liquor recovery boiler (BLRB)) %uﬂuqﬂm‘mﬁ
Nanunsnnanlenla 140,000-850,000 Uaum/dalus
visaANUALaUY R LA (maximum allowable
working pressure (MAWP)) #1 300-1,500 Uaus/an914ils
ndalathatatudseanidu 2 Uszinn As 9300 2 AT

o dav. o o S .
(2-drum design) T ldfdMTUAMUAUNFNIY 900 Uaus/
AN UAZIYULATULALY (single drum) Tlddnny
AMUAUNAINIT 900 Uaun/mseils sTULATULAED
tezuutlasiunnsdnnsauniinainuianlasanantas
N7 wazanN1eLTNsasaalALnInnIn

' Typical black liquor analysis
S

Agent Content
(g/kg dry solid)
@ Na 19.3
J K 3.34
Stot 5.50
Cliot 0.41
s 1.93
NaOH 1.1
CO* 6.2
NOQSO3 0.1
Na25,05 2.13
Na;SO4 1.23
C 31.9
H 3.33
N 0.08

Calorimetric heat value, HHV 12.74
(MJ/kg dry solids)

boiler nifalati

qﬂmnﬁm%miaﬁwﬁama:ﬁlmﬁa (saturated steam) 1198
anzousiaenn (superheated steamy 41NN Faanu
AUALLATUNANEY uazlnnulaansit Ivangauin
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AanAULIAan N MluanANgTnUEeY annulsenaunig
1 1 [~] v = ]
A L Tsanenuna Teausy (Wusu launsuunnlvgy
nldlulseugravnssy uazuuinlnguninld
vyuiaiulaiudnlih winnie Aa nisuaniaeu
ANUSAUTENINaURAaUANNNT LN TN waslatin
%qﬁaﬂﬁ?maﬁaaﬂLLuuﬁﬁﬂuﬁ’aﬁwiaumm%auqma:
tgauanifaeuanuiaunanayn Walidllszangnm
nswanletiasgn JuginsaldrAnlugnaivnssy
neaenislainllldlunszurunisnne g lulssau
X a aa v | ¥ ¥y 1w a
riamaantaulniluwasainudau Toun uidasssuans
wazdnilu dsransninniemnuseuauadanialatn
(thermal efficiency of boiler) Qdﬂ’ﬁ’fﬁjaﬂaz 95 lngl
nlz | | =

mlduuafu 2 oy Ao

yilalatwuunall (fire tube boilen UR@sauann
£ % ] | ql = o = 9:
nain v inantulunainnasesiuiduygalag i
Aausau nAN1gnnalauAINLiaus it asauly
veduegniauen wandulein ldndnlatrdud
e loUruwiansaudsednmiegadantas taaialy
Juunedan anususn iy 12 suletnmadalus
WarANNAULSTLN 10 119 depanis iy uas
N19LNgEENEN INSIZTNTINNZATALURINN (§) ash) WAy
. ql a o Ia 1
auan (g slagging) fifiamuunazagiauenva
3 v | v Vv o =
vinAnuazanaladne lullszmalnelandelotwuul
n3eeas 80 TuqmaqMﬂiiumuqmtﬁﬂﬁqnaﬁq i Tanuldl
{5997uav9dmd T99anuevngnsviles (Humu

wialatihuunviath (water tube boilen tinlvatiy
lunediuuiadeulnaniudausauramanisanalau
AnufauszinauRasauneuanviaiutinluia nesill
ﬁ‘ummsl,my'LLaxmmmm%miaﬁ’wmmﬁuqmdﬂ 10 1§
L luls il arlati () steam turbine) LWsz
ANUTONA mi@ﬁﬁ%au@lqmmmmﬁuqqiﬁ Tudszimalne
Vinslelathuuuisesas 15 lugmamnssuaunavg
wazdndnisuanluinsauaie Wiy el Tseau
thona Tssaunszane Eug



uananiifaiingalartnuneuuudl e i 1S uuna g
WasuANLEaL wAtanuutieawsnzAn e lunng
mLuumumﬂ’g’mfﬁimmal,wm ﬂ%um’mﬁmmmm
mml,wmmwu Immqmﬁ wianazihiy Aeiluiuniad
mmmmwmmuaaﬂauq ulflunnsnanteth 16
W14 ® biomass) LLBZL‘]’Q‘}I‘QLWSWW‘H% G refused
derived fuel (RDF)) uspu

Boudouard reaction 1jfiFeynanin

Ufjfiseneandiadu (oxidation reaction) wazFANdL
(reduction reaction) 28tarsusuuauanlasla
s s s s
msuaulnaanlan (9 carbon dioxide) uazAiiuau
\ulpisendunduls ngoumglsindfisenassniiuly
v v 1% 'S ¢ aaa o
At Iaprsuaulaaenlaniulifisaireanuseu
(exothermal reaction) ﬁgquﬁQQUﬁﬁ?m‘v:
fundulipfueunauentan ulffisenganinudeu

(endothermic reaction)

2CO «<—> C + CO, AH = - 172 MJ/kmol

Sl T PN : 5 L
JThulnsemisiinassmnensunang (g gosification)
uwarnissnefu (reforming) fidudAnylunisaiupu
asmlsznavandufalaamanla

o
Boyle's law nfuasuatg
NYUARIANUENRLESZNINANUAUNLLE I AT IRILRA

é*muuitﬁﬁaqmmﬁmﬁ ‘Emﬂmmﬁuﬁuuﬁtﬂuﬂmﬂﬁuﬁu

UFuNmImUALNNT
PV = C
\ia P = AUAULBILNY
vV = 3u1msueaund
uar  C = AP

InenapnuspnuiuduysaluazBunnsln o Ngungil
AN AL AN ELALNT AN LA LRSS 21194
2 anznnvunlnlaned

PiVi = PV,

L.

carbohydrate aslulainse
mﬁuﬁéﬁﬂizﬂau%’mm@m%u’au 1dlasiau Lazeandiau
anulnglidnsdiuszninlalnaiaunasandiaumiiu

1 = [ i: QIJ a7 5
2 pa 1 wilaudnh geeilduasendlulamen Ae
C H,0), I nnisdansziiuasaunsiva i uillustyia
Tudizunds Tuelse dnmsluses waziidnninu
nuluarsuansiugnesuluiauazdnd wuseaniiu
4 aiin laun dinnaluianaiien () monosaccharide)
tmaluianag (@ disaccharide) ladlnudnailsn

. . a [~ s .
(7 oligosaccharide) uarwaauinmlsf (9 polysaccharide,

glycans)

. |3 a

carbon credit ANTUAULATAR
ansnstanilassufdiFaunsyan daunels m1unsans
- . 4 .
nenln (rainAsuaw) Tnedstinanii g Nnamnsunu
24 = v | NI VYo a Q( v |
whAraunNszanteanIlsuiuntasuanslrlaniasy
aanunla arungatnarusnsiifluAsanuis vunenn
sz uNNaRuINNINBUuN lasUaNs Wilanilaas
aanu1ls wiredusunsumiarsuaulaeantas
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critical point 9aNgA

AfRsTINegUUIingm (g critical temperature) WaTANMUALINGR (9 critical pressure) UBNAANT Tadanuz
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wpaval uazleatsuiu

critical pressure ANUAUINYA
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critical temperature guniiINGA
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dimethyl ether synthesis n1sdaiasnzitlawiadines
nsiasuniegunial (g thermochemical conversion) Mldauiiu ufi@sssuani ¥setIuIa () biomass)
\huingau useantiiiiu 2 38 Ae Mendnuuunwgen HunsTuIuNsNIREUATIZUNILEE () methanol synthesis )
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| <~ aaa < q: v a @ &N A 9:
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UNAaTTNAA ufadaunssi LUNIUea DME + 11
UL vise T i (CO +Hy) "l (CHOH) " (CH,OCH; + H,0)
ngzuUNITHAR A LT AE S LN NEEIE D" 32 LN BT JaSLINALES

Uffsenauuiuiedunsziniduaannumuealifisaufisennidunse wu unuuegiiun dalas luaseslfnsol
WAL (7 gasifien) NIRUNQN 280 BIANTAITEA AIMUAULIIEINIA

U§AsenNsdaasiziainiumuea

2CH;OH —— CH;OCH; + H,O AH = -23.4 kJ/mol

flaqiunszinunsuanilaiuanuaula Ae Mandnlaanseanuiadunsnzi @ syngos, synthesis gos) Inellusadeinu

o v Vv a Vv [=f QI Ay 4‘ a e % | aaa o
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2CO + 3H, —— CH;OCH, + CO, AH = -246 kJ/mol
CO + HO —— CO, + H, AH = -41 kJ/mol
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Cl Cl
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equivalent ratio dns1dLANYA

a ] = 49/ a o a (ql Y a = [ a | 4” a o a (N‘ o v
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H—O—C—R, + CHOH == HC—O0—C—R, + H,O0

n9m lusiupas WNIUea Wwialnamas 11

Ufiseeamesiindurainsalududas:

116 | Alternative Energy Encyclopedia
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4,000-5,000 LARDTAANTY

e, uazliamanang | fad g k7
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extruded log Wuliaw

L‘]I'BLWGQLL‘]J\W]JJ‘?U?’]\W]?\?T]‘%‘ uangna m‘é\‘]ﬂﬁﬂ\‘l@ﬁ‘*m’;‘ﬂﬁ’)\i 1Rannnsdauns (brlque’r’rlng) HARAINAIUIANL]
ﬁﬂIuL‘ﬁﬁﬁIﬁaLﬂUQQﬂﬂ? nay ‘]_Iﬁﬂ’ﬂﬂelflﬂll‘ﬂu’]mLaﬂ’a\'iLLﬁ'D’ﬂﬁLWJJﬂ'ﬂﬂJMU']LLu‘LL llﬂ’ﬂll‘lju‘ﬂi unuseeas 5-10

fast growing tree 1iilmi5a

pulinddmsnisiesyanlangy adusausniimuaulauinndn 5 wuswasaell eunuligusuimnlifdszunn
2.5-4 ruAunsaal laun Uszaneeau ga1alia nszfiummi nezfiuused neziiudng aziantinu uazaziniiey
Vv v s ©° v dy a 1 | v 1 v dy a
dudu Winaneuununtgluy 5-10 1 dhanldfidudamwaclugtuuusieg wu W0y aulduazizamnas
[ 1 @ Y = | @ 1 1 = a . X
Anung Wlumu LLa:Lﬂaﬂmﬂuwmmugmmumqq mumanﬂamumqqmwmm (g thermochemical conversion)

a ° v 4' <| o o 1 | nI/ I~ o A QII o e
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aa = Ve [~3
AutANAuad g

I3 Ve 3 a !
a9ALszNaLULILLS LN (Proximate analysis) U84 llilanEIiinmang

Proximate Value

Hight Heating

- =

WUATILIA Moisture Volatile Ash Content Fixed Vol;e,kHHV

Confent (%) Matter (%) %) Carbon (%) kJ/kg)
1dins=fiudng 0.63 81 1.78 17 15910
Wgandudia Aunagauta 114 79 2.64 17 15414
1oingztumm 1.03 82 1.86 15 16,047
. - v @ A
avALszNaLULLAZIBER (Utimate analysis) 1a<ldlnEaiinnng e
s 5mdiummma Gotaz)
AUATILIG
C H N S o

1iins=fiudng 47.55 6.55 0.38 001 54.49
dgaduda aunagiauda 48.93 8,05 052 002 57.52
1oingzdumm 48.26 7.20 0.70 0.03 56.16

TpgansAnEanudullslunisdanlilndune dundwnudionin
U
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fast pyrolysis n19nlsladuungy

nsinlslad (g pyrolysis) LLUUL?’;ﬁLﬁuLI?u’]mLLa:@mn’]WNamamﬁlLﬂu‘uaqmaﬂmﬂﬁmm%@uae}wmmfm m91N"3
WiANuFaUgasTINe 1,000-10,000 BNALTALTER/IU 51@mmﬂﬁqqLﬁuiﬂﬁﬂi%maNamﬁLﬂuLLﬁamnﬂﬂﬂ Uinsci
ﬁauﬁwm"lﬂ? A nungrauuungdlndiun (fuidized bed gasifier) (g gasifien ﬁm?ﬂ?“ﬂﬂﬁmﬂﬂaaﬁlﬁam?ﬁm
thifudinm (g bio-oil, pyrolysis ol hAafiddy Ae amam’rs’lwﬂf;’]mauwmmﬂ ammm’lmamiuﬂm 425-600
avriraldea naniilessmefitiaannisinlstaduasiaug (7 biomass) am”tmmauum (aen1 3 i) uaz
maqmuLLuuwamamLmamaaﬂmmmmamqmmmLwamqmﬂgniﬂﬂiuugﬂﬁmLLﬂa

uialnislad

=
PIUIA

nlevin 1
1aldumn

\A3RaLA o lalnau
ufialde

1o, ufta, onuang

a =3
NN

nislad

=3
NIPUZLNL

> v
$ pailau ﬁ niudnw ¢
il TN

ufiavlgdlng LATLEN

AMNA

s nlsladuunida

fermentation N3N

ﬂi:mumil,ﬂalaumﬁuﬂﬁﬁLﬁmmnm?ﬁwmummL%aqauw?éﬁwwmﬁaﬁ (yeast) at/lunqu saccharomyces e e
ﬁﬁmaﬂq‘im (glucose) luussenmafidsranesniiu visedeendnuiteadnties 1Hueanededianudadu
Uszunauferaz 9-12 walsifuueaneaedionaz 511 Arfusulaeenlan (g carbon dioxide) (HunanEnsIy
Satiaz 48.9 Tnenimin waziAnusauRaTLae Faeliansanmauazan nuadeniiminzay Aanuiunsa-wa
ETININ 3.0-50 WATAUNONTININ 26-32 BIANTAITEA UAY anududuaesinanaludisdosas 16- 22 Tu
ammwnﬁﬂmmmummumumﬁmmamau’maﬂmwmimma?q uAg Uil anniudnlzndasesdudunay
mataeaanautlideiaulmiviansalfifuihnanay

) ol fas
TTudndznay/utle (CgH1505), +NH,O NC¢H1,04 2nC,H:OH + 2nCO,
LLﬁQ 'LI’W]’]H LBNIUDA
C¢H,,0, fod 2nC,H;O 2nCO
Y v v o, nCH nC,H:OH +2n
Tdnninmna/tinaas Lo 2 g
UM LANIUDA

m:mumwﬁmﬁamamme@ﬁ@é@ﬁﬂﬁmﬁuﬂi:mmﬁdLLa:ﬁwma
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Fischer-Tropsch synthesis nnsdaiasnzinalaas-nsald

m'il,ﬂa"ﬂumqqmwmﬁ () thermochemical conversion) fieusuiuduanssznentalnsafueumamedeniag
tnulfisennisun@ng () gasification) auiin uuAaduAII () syngas, synthesis gas) nau hansisznay
1elnsAnsuaunauifoz neuASUBUszNIng 10-23 azmau uazansilivdindu 1Hun ueanszed ueanla wazilnu
Tlusiu Lﬁmﬁqquﬁ 220-300 DIANLTALTEA WazANNAU 9.8-49 113 ldisalfisenasnlanaadlans wu lausan
widn Tnadugisenamesufadniulgisendnanss m?ﬂi”ﬂau‘lﬁa‘imﬂﬁuaumauﬁiﬁmﬂm"mumiﬁmthu
m?ﬂiuﬂiammmwua"mﬂmnma ) Ly mmmﬂmma“l,aimmu nendu fudu el fdaunduilfunaniosd
yamsdn 1Fud Aga wudu thifufa eV thifunaedu waziinu (@ methane) \fusu

NCO + (2N + 1) H,——> CiHans + NH,O AH = -167 kJ/mol Ufjfsenilaas-nsald
CO + H,0——> CO, +H, AH = -41 kJ/mol Ufjfsemawmasufiatnm

n1suan lalasansuaumalanauiutunIsduAszinales-nald

a 14 < GG 4' aaa dlwu a a q: o o ¢ o é’ :: s S [
Waed-neeldiuredfisengana unsnanirfiudunszn Mmuwauasusnulstimaensiu Inall Aansnaise

T a o o o v a s Qs a g
e Wawwaf (Fronz Fischen way ms.aud n9aUd (Hans Tropsch) tinnenmaninieasiuiugAnAua
Wl 1925 92vasasLlanAsIn 2 WiasanAnuAadnstnTulunsaens Tmm‘lﬁidmﬁwﬂuﬁfmqﬁu wazulasuflu
o o < X |
UNAALATIZA () syngas, synthesis gas) NBU

-

< < a 14 < <

Aans1aed waud Hawred nz. g nsauld sruunsdupnzinaes-nsedd yiaansolun inende-assySuas
o cd s gy
ALradaLAszNan 1A

=
LR

T

e, aendiay, et
¢ lalasansuaumiin
. s COH, =122 alannsiu
P8, DU
Gasification
g v
nazLauNANazann | uiadaunssn e o
o Namstunau g
ufianansioun
uii@sssuang T ~ T
— 5 - | wh3avtlnsniamngiige
- Particulate I?emovo o 1.? (330—350°C) > \elasmr e
- Wet Serubbling 20 Msisafiteamdn -l
- v - Catalytic Tar Conversion atialalaRuLaznigiy
e, aandiay, ot - Sulfur Serubbling
- Water-gas Shift, etc. l

A Yo X 4 o o G
NsRAmNTUBIWAIHI UNTELATNz iR aL e -neald s
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flash pyrolysis N9 Inls laduuuduinn

nslnlslad @ pyrolysisy Nldnsinislinnufeugeinlvigungiivaaremduirggunglaninsateeinisa
luszezinanduuin (30-1.500 Tadiun) dwgunginisinisladsznine 450-600 avAnTalad WALER
4’ Vv 24 :: dl ] Vv 1 v v

T9srnaualeunanInAIuLuuln (condensable gas) wazmduuuulila (noncondensable gas) aanann
wsaslnsainnsinlslad yrolyzen indiAsasmuwiidsnisimaiiuffununandnraunas uazannsiinnuag
Tnavlduar lMaramauvailszunndasas 70-75 AaINANAATNILA

gy dimesuuunssia

. An99zviel
= 1 M v
Aaruuuulile
rector

I1ATRIAILILLL

T v
UNABLE UL

aaidiu
lspdimes 11020

Nalulngiau

o
s tnlsladuuuduunn

flue gas desulfurization (FGD) Fiaia lsirduanuSa

m-iﬁﬁmf“ﬂ’amlﬂﬂmaﬂﬂlfﬂﬁﬁagﬂuuﬁaﬁq wiseaniilu 2 szinn Ae wuuidlan (wet type) UazULLLIN (dry type)
mﬂ‘EuTaELLUULﬂaﬂLﬂuﬁﬁaumﬂimﬂ%ﬁﬁmauﬁuQuaLﬂiéaqmmumqﬁ’mlﬁaﬁq Falaslnoonlafluusais
vl iisentuiuudaduidudeili sty

v
2 A

nseanuianiieunisindndamasineantas

gunsaluanAMuty / gunselfdnazeni
FNUNAETZAL

madnufaneauiau
Falaflnaanlan

N1ANTTANELNAA
1%
MiaanganA

drainaandiadu

Lﬂ?mmu‘ummauﬁuwm:ﬁﬁ Tueuunanay

s o or o -
fitanaleaduaasianiu uvinailsd
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F-G

forest biomass, forest residue Auqaantl, waaraanaIniln

Vv v I <] o B Qy s v = | a [ « | Vv val o ol I Vv o
aulydant ?'Jllﬂ\‘i')ﬂﬂqLM'ﬁﬂV]\‘l"\)’Wﬂﬂ’]iﬁ]ﬂiN ma‘ama‘uﬂa‘gﬂﬂumamnmmmq6] mﬂmu“lmlgﬂmmma‘lﬁmumﬂqu
A o a Vo AR~ a ) . dlddgll alll | o

vsanaassung Iasuanuaulalniundanuannin (Q bioenergy) IQHLQW’W']J‘KLV]ﬂV]ﬂJWUV]ﬂ’W]@‘*)’]U’JUﬂ?Z‘H’m?QQ
iy Uszineiuuaud @3nu wALAN waranigewidn szeziainisdgnnaunusiutanisgudausann lufu

| =3 allel o K <R o v IS a o Qlld
Hlulszipunaasaniis 393 uilufelnsusmsdannsnalussezenn

~ I o o A & A
AUIANNUINEVAINITAAVTDINLILNL

fuel equivalent power MNAUAALILINUIBTALNES

o av <~ s dl a v | | d’l’ a a U o % d’l’ a |
MAwTanas UGN lARENIEAINARINGY (P LUANUATIUI WANUANLTaUTBTaINAIQnuLsgLh Tl
WANNUBE ALY

p = _HV XM,
e

3,600
4' -~ o a A 1 4" a a % <
LR Pfe AR NIAILNELLNIUBILADLNA (ﬂiaamm, kw)

HV  Ae manuseu Alaganedlaniy ki/kg)
M, Ao dpgnstloudeas Alanfusadnlug, kg/hn

gas to liquid (GTL) walulatiufiadraunas @Nuea)

= o o P a a | o oo s < . )
nspsuniaduasznidudamdunasiiamg s nunisdunsiziiawns-nseuld (g Fischer-Tropsch synthesis)
NNIEUATIETALUNUDA (A methanol synthesis) ransduAzilamia anes (9 dimethyl ether synthesis) ’menqau
AILAMTLEAAUTAEUATIZN TAUN SURU uiassTuINR T1U9a (7 biomass) (Humy
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N ITuduasnzi iy
v -
dnfunnloau

N9TLIUNNT N9ZUIUNNG NIZUAIUNITUANG ¥ o
17 a0 Coa Y. ndupLTa
A ‘ HanLiaduAsIZA - Hanges-nearld ‘ Vitenam i - RN
rfufim
uRadanszn N Tudunsziny 1 Tunanay
Gasoline
NITANATICN Kerosene
| Waras-nsald cracking
wunan
Wax LPG
o T ~ "
EEdEe v < B patioehsmical t B fumdedu
= NARAUN - . )
MW — o o H— o LIVIURR = ==, Biodiesel '
uiadansei Wnuaa ' Fuel OMFC) !
C ;
H R
MSANATM T | o Faained - - . "
a --'I i
1 1awiiedines | DlesEl
¢ Turdine

waluladiufaguasvas, 3fuea

gas turbine fisviuuna

isnaduingsluntsuan i lulsdiindemula HLLﬁ'a’éaummﬁuqqﬁiﬁmmmmmmuﬁmLmiwﬁ”lﬂmu
eAuLng Lﬂ?}lﬂuwé’qmumm?awﬂuwé’qmuﬂamnmmmummmemmﬁqﬁutﬁa%\iﬁiaﬁmwm‘umm’?‘mﬁwLﬁm“LV\IW']
Aansmtenin waznannszualiiinlg uﬂmmm\uﬂummmmnuﬂmmmamLma (compresson Uz wml,mimu
(combustion chamber) mmu‘lﬁmmﬂaul,l,ﬂamamemfmmummu snganniarisloth () steam turbine) fivinen
Imamsﬂau‘l@mmmmw‘lmmwuammmmuqq (boiler) AANAILENDANANIAIN

| o Lo o | v | =
dwflowdn  dwdpanuiu duin il dlalds

| v { 5 o v o
tasilauainisdn LATEINAAINUAL il N9

L 1 3
T

druaungiism ATUDUNNLIAN
9 U 9 U U

fauuia
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gasification n1sun@e, undwiadu, ufadwiadu, nisulsaniwduuia

ﬂﬁ?LﬂgHUWWJQmMLﬂﬁ (9 thermochemical conversion) soaFaimduddnfuiadema z«\'auimﬁﬁmﬁuma‘ﬁl
guvQiiaeszunns 800-1.300 asAngaldaa lundzeandiaudnia uaziinnisunlndunsdiu (artial oxidation)
Ussnausnge 4 Suseu visenszLnunsdes Tun nmsauutia (chying) nsnlslad (g pyrolysis) Mswentuil (g combustion)
wazns3A (reduction) tneiRaliiBenmusiatharaidadlumundvie (1) gasifien wAnSuTiman T FiTuuta
rauszninlalasiau (Hy Amfusuuauanlan (CO) dinu (CHyp (9 methane) Asuaulasanlad (O,) (@ carbon
dioxide) ulnaiau (N wazansiderhuaus wu lalasiaudalnd (1,9 (g hydrogen sulfide) aznn3 yiathifumy
@ ton nAnsuTutants Wiudemddaanse vieslsuiufenasfiny Wfuudasssuaniganans (synthetic
natural gas) visaldifluufiadansizi (g syngas, synthesis gas) Lﬂum?ﬁy’qﬁu‘lummamL"T?@Lwaqé*\umm:ﬁﬁ'u6]
Insald dezimalnelaansuiAUINENUNAUNULAZOUFNENGNIU (W) NFENIRNENIL Faudumiteau
NAFY waztenay Anwnaziaumalulagnisunduie Wenanufadaindsdmiunannszualninsmatng
\iu TAsaNsaNBms s LLNE AN LN TIAT AL mInanys Tassnnsguiansauaziaunmasnunawniandn
JanTanszunsazagselasenisissnulniisruuundlindy Swmiadasewardaminuassr@un 22utNANY
saueianmuNge (3 gosifie) furlszmaiouihugeimnniaundving () gosifien Aunlszmeaioutihugae

v , v | edueulagentss | lalesiauuas
L tLazupsnan wazih AsuaunauanlTs

[ A I I

3
S i
[} 1]

MRS S8 \l %
| ﬁ
0000000000000000000 "0 "

H
A9178*(C HO) A37a*(CHO) [tarry gas or charcoal | hot charcoal (©)

[ A I I

ANUFau anuiaulianna | san@au/ania | ardueulagenlen
wazin

v iiir iv Sa o

4 Jupauaasnisundne

‘quﬁWim%mi:unm%mwé’qmmwn%mai:ﬁuyum éde*mawy? niuﬁmmwﬁwmmmLmuuamﬁnﬁwﬁmu (W)
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4. - / 2 mMsERd
anqunstiulpgeanng o,

vqui:ﬁ'ﬂﬁau AUNDANATIVIAN
%mﬁfmwafxumﬁ?aqﬁm

Gasifier qu«nu
ImamiquﬂrmﬁmLLa:vamwé'mummmemﬁ?m %’wifmwa:umﬂ%qmw
NFUNAUIWINUN AL aﬁnﬁwé’wu (W) NTENTNHANU

uitn griiEdnada Wwuedd 91in
unarieaunu AawiaeeEie

Downdraft Gasification

AIAIN IS NARGIA N 150 kv ¢3vidia T wuw vspp)
RIAAY Fedhatue, 1l
ULV AINUAZARNT Wet Scrubber and biomass filter

o o= 2 o 4
nawaae LHangLuL [lgklieEliela) (%WWTJJRF_IJ

i

v

i
unAnendamalulad asund PRI EHEREE .._j“ h
Fnaiies AanIauaiTEN — —

szinvuessruy Downdriaft Gasification
MAININANR A 100 kW
ERIREN Fadnlng, v, mhdudilznas

TEULMIANNATENANT  Cyclone and chiller

L}wﬁmmﬂiuh{i Satake, lapan

{Asenalasuldinesuuundiiadu Faudndessauazdaninuasnadun TealWiszunungfiadu aun 50 kw yiaansaluninende-asys

Myanmar

wsitiunueen
u1931118n
(48 kw)

Mﬁ;l:ﬁ%;l‘ Da Goon Diang
L1184 Twantay
(30 kw)

Cambodia

Wyjﬁ’]u Sway Sro Nos
(50 kw)

O PR = v P
ANUINLAWALN LA UWNTANET LU AR ULN
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G

gasifier iwundwe, uiadwiaand

d o a e s - o . 4 < y o -
insaatlnsnidmiunisundnne () gasification) SlunALANHUzNAGURYE R Ts el oY 3 Ly Ae
LPUNTAELLLILATI (fixed bed gasifien nunGriheuuuvgdladiun (fluidized bed gasifien wazimundving
wuluannu (entrained flow gasifier)

a QI o o dl la Y dy a ﬂl v |
PN TNNBLULLILIATI (fixed bed gasifier) HANHUZNFYINNUN LT TaULIN I RINEIZIARBUANATLATNURILAN
! Y Vv v ! 3 v s dy a o ! a z e <
mummmgﬂﬂaumnmqmuawimamummuumumqnuL‘name FEn M wnunannauuy ey (updraft gasifier) 1178
I AJ v a BN @ 4' dl d‘l’ a o ! a o
ANLLULAUS mmﬂgﬂﬂauelﬁlwamﬂ'vmmeﬂumimaaummLﬂjal:wm e wnwngrheluy lraad (downdraft gasifier)

Updraft Gasifier

Charcoal Only

Biomass —»

Drying

Pyrolysis

Reduction
Oxidation

Downdraft Gasifier

Nozzle and constriction (Imbert)

—

Pyrolysis gas

Charcoal

/ zone

Flaming

pyrolysis
zone

Drying Zone

gty

Pyrolysis. Zone
0300V 0

=l

Air ———— )| Ungasified wood 2

Gate

Primary
air control

wungWneuuulvaas
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wundvheuuungdladiun (uidized bed gasifien HanwuznisitunAsudwdutou munziudamas
AdwuIAEN AunuILLUAY USunuinge n19dulaszrineenia viseanssauinlisenfuieinaed
- - . - ' iy 40 -
Uazdvsnmm suliuanulivigumgilsn 800-900 a3ALEATHA T4AININGUNYINITNABUNAIUDIUIN ABINITAIUIT
a a Qy a ] | a Qs s (24 £ dy % [~y
2INAEN mmmiqmmmmmwaﬂﬂmqmu u@uﬂzﬂuiumamnmwma@q Taqiiumuuutgnivaufu 2 guuy
A NsunTIWnelname (direct gasification) LATNITUNTWNENINEaN (indirect gasification)

larnilau
LATYINER
latihann,

LY NNEVINALATANA
ANUTUNN

wundwe  qlpau e
—~ MEUnATaU

wuuvgdladiun

LAz iuu

.

K [120) —
| ==, W . .
i 1A3eaYin N e ——
S o = NNIANARAULHL
4 UNAEIU mI'm

: 27017 latiean feviuuia uitaseu
LAgadin l]ﬁuﬁ'mﬁu |

— : =
1ot Andn@nte

l—» NNANUTRUIN

1 1aun

anamn

y AgasrinLia luin

lath

—

R GNIE o
feviulaii

wunavheuuungaladiun

wundnneutyinaniu (entrained flow gasifien 1uszuudlsz@ninimgs mwnziudaimamivunnan
VI EONUTAL T2398 () biomass) UAazIBan NAUfRTeNeemIAT g gasTann 1,300-1.500 adrmaiTea
finldanssavijisendusendiaussans lufemhunldiudmalaanse ezifyminisanuunadiialvidaun

< = :.Iz 3 v = 1 v oI
LaﬂLWEl\?W@uuV]’]\lmElqﬂLLa:Lﬁﬂﬂqiﬂj"—‘J’]ﬂQ\i
PANTLAUINNULILUENDINA _l l— Uy

WILNTNNE Texaco

druangumgiiuiadunszi
lo Vv

Vv
Tngl4n1suHTEaAINLTa L A AT

lathAnudugs

1 3euldlvd
| ° 'Y my
dautinduauan v

Lm']LLﬂ%W’]EILLU‘].IiVIﬁEqu
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G-H

o
greenhouse effect Usngnsalizaunsan
sl o g v X da 2 o s o g v a a o o A a aAda  a

Usngnisalminlilanguauniumaunadaansussivinligumgvesilanminzauiunieinia@ddin {Hinen
uialfaunszan (g greenhouse gos (GHGY Watluussenniavaslaniiuanuiousnaneiing uazainuieu
nazvieuaniilantd mnududursufaseunszaniinanadnsnisiiugungiivesialan naainsldiRgnamnssy
uyefen Ididam@enansussi @ fossl fued TuRanssusnee) Wy nsRUMINITIUAY uaznisuanini
@ Y | o v e s L. a X 1 @ o § ¥ a
Husu dwalvianuiduduresanduaulaeenlen @ corbon dioxide) lTuussenniAiiuauateInidinlviAn

4 .
nnzlansau (global warming)

LAID R HALSHLSSEl N A
WS99 843 TRNARRNGN LU M3

WA AT aung.

LAAUNIIA LAAUNTTAATAL

a s Ia
weaananialan néiugiialan
wazNAgn

UsingnisaliFaunszan

greenhouse gases (GHG) wfalFaunszan
24 a NI =~ (% v aa QI I dy los :j o |4y ] v a

uwianaeatinfianusganaundenuanisdaunsusanutaanunaniulan uazunisdiundugiulandaalviia
UsngnssiiFaunszan (g greenhouse effect) ufiaaunszanitdndny lhun e Asueulaeanles (j carbon dioxide)
uaziiinu (9 methane) larifuufaFaunszaniianunsainifiu wazunisdanudeulsnngn wirnududules
T luussenniaiReuulasiiasanfianssuresuysdidesunn WaisuiuuiaEeunszaniiingu miveulaeenlen
fefhufaEounszaniiddnign iesnnanududulssaiveulaeenlanluusseiniageausgnsinmamnis
UjiRgnamnssuilaiiguiuiinu
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heat recovery steam generator (HRSG) mieudmlatharnnsindunudau

aﬂﬂmiu,anLﬂ%lﬂumm%am”wiwLLﬁa%'auﬁ@anmnﬁqﬁuLLﬁa (@ gos turbine) i (g waten e
Lﬂu”lammmmm*mmummmuﬂaumrmwuhm (@ steam turbine) Taevlissnaudag 4 douvdn e
duuaniaeuanuteuss mmmmauﬂum (economizen daussine (evaporator) dauuaniasuaruseud sy
wAnlatheenn (superheater) LLaxmuqum (water preheaten) Lﬂummﬂﬂgumma‘mmgmmmwuﬂixammw

NINANUSAUIDITZLUNSIAINLSDUTIL

~ ~~
s B o B sz
asulan asulail g
ANUAUES 2 o AAUF = =
“lammmmum < ¥ lathmnususin < K5 =
Hauaiuufia tlaufaiu & o
A A i
UAAIN UARAIN # 5
ﬂ']"lu;ﬂu Lﬂi‘ﬂﬂﬂuu’l ﬂ']']“‘élﬂu X VPO maaqauuq
) eanga Y flaunifalerh gnea Y Y fountiatenh
‘ - —

ﬂﬂ‘—m

—r
‘, a4 Faas
——
o . y § ~
uiia. wn Indannt waug ~
uuu uu U J1 UUU

> s o0 8
paasguiirilaundalatn

C

l Y
a

vaufaseu 2

A oo 8o - - oy
1AFaaNan Lot AN usauaNNLRdnaanaNAeiLLg

hemicellulose \aiiTaglas

anssznauiamalanediuas (heteropolymen ‘umﬁ’m’m‘iuLaqalﬁlmwmwﬁm wu lalaa (xylose) anadilua
(arabinose) WHUILA (Mannose) WaznLaNTna (golactose) usu qua%\iLﬂuLLwduﬂ?:ﬂ@uﬁuﬂﬁﬁmaimaqalﬁm
tszann 500-3.000 Tuiana Taeihlwufindumadii iefiraglaateideunguansdulamaglaa g celulose)
inMefiumuuuiine Ianuduniuseatsiniidesniitaglaa auisnaansialnanalunsa uaziuaiinany

@

Glc Glc Glc Glc Glc Glc

b

Gol

O;
Glc An ng‘[ﬂﬁ (Glucose)

Gal An NuANng (Galactose)
Fuc Aa N&nna (Fructose)

Ara A 813101Ua (Arabinose)

Tnsvadvunaiiaglaa
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heterogeneous catalyst faiselfizeniianug

fsalenildazaneluinmeavesansiadunazuandn dalvganundurewds vy lave Tanzeenlas
AfuRY uAzWoRLIASTITipNgY waziuiiin Guface area) a ﬂ’ril,i'qﬂﬁﬁ?ml,?'umﬂiuLaqamma’ﬁ%m"uLLwéL%vlﬂ
nelugnguuaziianianady (adsorption) pufhweeisn §Rendallsundsuiug active sites) vt
ﬂizEjusl,ﬁlﬁmﬂﬂa‘Lﬂﬁlmumiﬁv’qﬁuLﬂumaNﬁmﬁﬁmma‘aﬂ'ﬁwﬁLWW:L%:M Gselectivity) luianaladnananAle
NFAUALTUA uazunseanangnguuasaelfisen nsuendisaliifenisiugeanainuandnvinlaoe
annstudleunarndn am‘ﬁzumaumiﬁwamamslﬁu?qwé ANUDAAEAINNIZLIUNNIHER WazaLnsnLndLsizen
néLn ey daide fe miLaf'qﬂgjﬁ?ﬂﬂu?:uuﬁLﬁm%ﬂ’hmﬂﬁ"jﬁaLéqﬂﬁﬁ?mmﬂﬁuﬁ (7 homogeneous catalyst)
LfiaW’mS’ﬁaGhﬁ’mﬂﬁ'm'ﬁﬂiaumaﬁﬂﬁé’aﬂ%ﬂ?mmﬁnLéqﬂﬁﬁ?mmﬂ%u m’}aﬁﬁﬂfﬁ?mﬁqmwgﬁqﬁu

\W{mwﬁgmmﬁa /

T ANTUNTUUNURL

- . n19LAR L .

nnagaL D\ UFfsen/ nsunsnaugignnauda
@,

o o eda X
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nssaFiseuunisiuguulans

heteropolysaccharide, heteroglycans Lanalswadudnanlsn, wamalsinanau

a o (Q‘Q i: NI = o o ‘lul QI 1 a (1 o | 1
wadudnAlsaniimaluanainen vissauiusrasihmaluanaimneiunnn 1 silaifluteauaiied monomen v
a I \i: N N <| i: | . . dd‘ ] a aa 1 ]
Unulg el (repeating unit) Lﬂummaimaqaq (9 disaccharide) uazasiAuau LU lsAunazana mu"Lm;

& A o & | a . a e Lo
wiluwitlaiglarraddnd 1wy Inaydau (globuliny Tunanaun (blood plasma) wnendlalan (gangliosides) luszinl
Uszamaaunan (central nervous system) LLa:mm”Lamgﬁ?ﬁﬂ M??@VLE[EJ’]QT,?LLuu (hyaluronic acidor hyaluronan)
TuitlaiEiaifieiu (connective tissue) Lius tamalsweaudnanlsavmuluiradiny Ao iailimaglaa (g hemicelulose)

OH OH
© O O
10 HO
HO o -
OH NH
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holocellulose Ta‘lﬁauﬁag‘lﬁaa

ansdsznauasiulamsniilszneunisizaglaa (g cellulose) uazialiimaglaa () hemicellulose)

homogeneous catalyst faiselfizeianiiug

ﬁaLéqﬂfﬁ?mﬁ'a:mﬂuﬁ]mmLamﬁumiﬁ”’ﬁuua:mamam iy nsadail3niildlunisrineames iy
(g) esterification) UnINTA lULTURATS (g) free fatty acid) ALWNUDA (9 methanol, methyl alcohol) Tmpaulansanlan
(9) alkaline catalyst, sodium hydroxide) fifusasalifelunsudeiuledsed R mnudieamaifiaduung
snduelsd Wufiu nsazaneduidedeniuassiu vilfinsdeleunaren§iendnlss wazldgoumoilia
FuseLlfigeneniuganlgiiisnaluung mielshe faide Ao nepvitewaiiqrananseu e taanunsoinlddn
Juidlorilunardn m?:muﬂwﬁ‘lﬁyjﬁuéqﬂﬁﬁ“%mLaﬂﬁuﬁqﬁ%umaumﬂmﬂ LLa:miﬁmamﬁmﬁﬁu?qwéwmﬂ%umau

.
NI
1.5 % NaOH luiunuaa
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NIUALDALNASNLATL
NN9LEN
\4 \ 4
UL a9
l_ NALLENUNIUDA _l | NALLENUNIUDA _l
LWNUDA i l_ nIn LUNUDD
N19814 AYuazINGD
v
Separation _l
AL Tuunaledinas
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> v
l NALTRTea

1ulamna

»
2

uraunnends Tles el fige 17 sudioar 3.
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homopolysaccharide, homoglycans Talunwaaudnalsa, Talulnawau
a o ﬂ’q‘q ,ul QI G o o q: QI ] a G| g |
wadwinanlsaniithmaluanaies visesyiussnhmaluanaimediives 1 wiaduususiued monomen
\raglaa (9 celulose) uily uazlnalaiau (glycogen) dsznausenglaaiiesatiniges ulnuau (pentosans)
nlsznaumenining (fructose) ienulafe NN (pectiny Lsznaumansaniudnylsiin (galacturonic acid)
guflusyiufvesnudninaiesiiagen uazlaiiu chiting Usznaumeusdfianglamiiu (n-acetyl-D-glucosamine)

dJ [~ s |8 sl a = [~ VvV
mLﬂuagwuﬁﬂmmghamﬂwumme umu

CHs

CHs

{Aseasramnaiataaalaiu wnunuuinlunalduazuaiuass

hot-compressed water, liquid-hot water, autohydrolysis aalnlalasladametinsausnnusu
Uientalaslada thydrolysis) (g solvolysis Vlmmimm“l,umaﬂ,ﬂjmmﬂgmmmﬂmiauammmmu Fvinazane e
th (g woten 13qvia inwiugendAnuBmYadlath o gumgiacd Seesianuzfueaauitoumgd
auiniientnd Tovaidunsngeu Amanufiunsa-wa oH) ammmmqmmﬂumwu"ﬁu

1nszfudng neunazndeiiunistfuan nmietindaudnminu i
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hydrogasification nisun@wrenielalnsiau
nsun@ve (g gasification) luussennialalasiaududu memunalivediing ) methane) luufiadans

e
91
(@ syngas, synthesis gas) anUffzenszvandlalasiaufivaiduey wazdffisenimudu ufaremadming

&) ° a s RL o a (24 aQ o o
ra'ﬁmm%’aquu W‘IL‘LL'LLﬂ’ﬁﬂﬁﬂsLﬁﬂ’nZﬂ’ﬁhﬁﬂ%ﬂﬂ’i’mi?ﬂﬁﬂﬁﬂ ﬂi:ﬁlﬁﬁmsl,‘j?ﬂ‘]_lﬂi;‘ﬁ‘]_l’]uwﬁﬁ\lﬁﬁlLLﬂﬂﬁ‘Iﬁ‘iJ‘]]’W]ﬂ\‘]Lﬂi"lz‘lﬂ

| a a4 A . Vv
AMMNDIUNUNTRAINIR (@ biomass) 1n

C + 2H, —» CH,

(T.P)

| CH,, H CH
CL» Hydrogasification =2 Gas purification = » SNG

THz H, L \—> BTX

Char
TCOZ
O,
, . CO, H, .
Partial combustion > Gas purification
Steam

nszuunnsnsundnherilelalasiau

hydrogen donor falvilalasiau
astlsvnavdunsanaiunsnlnlalasian ) unansau iy lalalwewiuea duilalnlalasiaundiazildswilu

a a :: v s [~ v
waTlnUwnNIzau anunsanalinazsulaingsiau Wumny

H H H
T i

H_T_T_T_H > H3C/C\CH3 + H,
H OH H

Telalnsnwiueanlilalngiau wazidewfunedinu

WMN9LaU (tefraling 1950 wazlnlalnsiau
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hydrogen sulfide lalasiaudalua, ufialaii

uFaRwatanils graluiana H,s 173 Tovanandeu ndusdelaih wihniemadnties AalW wazaiunsn
sudald Ildfhaewfadamafineenlas Gufur dioxide, 50y Feliquataniau uazlatninannisdas
asBuBndesfLsrnetesiurfulnauuaiiBelunmzLsaanennis @naerobic) wuluufadanm () biogas)
uiaanilaganunln (olcanic gases) uazufiagssuanm mqwﬂﬁn?uiaimwu%aiﬂﬁﬂummﬂﬁ'mqm%’m’]u 14U
Tuiudud ppb) Wuufasuaseunniinnududuluennia 10-20 daludrudan Epm ilimszaaiies
fiaududu 50-100 dalududanrinliianuen Annududu 320-530 dauludrudaurinlinelaldoanau
anmiEeTin firududu 530-1,000 aludnudwinlvisruulsramaiunanmveavinau LLa:ﬁmmﬁm;ﬁuqqniﬂ
1,000 dauludrudrinlAideainaviui

hydrogenase lalnsaiua

wuladisalieneendinduuuniunduls ceversible oxidation) iananldlasiau Sanuddiylunszusunis
wunueddilugadueddadiPavangaila Wy wweilde amsediden (green algoe) awmdediduiunuiiiu
(blue-green algae) qua%ﬁqﬁ'ﬂﬂﬂa:nau51”mﬂzjmjmmﬁﬂ-ﬁm:ﬁu (Fe-S clusten) Tidauiuazunsauaiily
Tamau (cysteine) UaTALNUA (igand) alus] iy 3 nqulvalmuatinuedlanzunu core metal laun (NiFe)
(FeFe) uaz (Fe) lalasaiuaanunsnsanditsnau (proton, H ulumanalalnsiau Hy

GMP-(
Cys CH,
Cys § HN:\\ <|3YS H,C—/
- S,
. g\ S-Cys 2%, _S—(Fes) . 'QL CgH
NC .“Fe N| Ogu“Fe\C” e.\,.(:CN OC.““Fé'< |C:H
NC S-Cys N ©) o OC/ %:/ 2
(NiFe)H,ase (FeFe)H,ase (Fe)H,ase

Tngaadramaniaadlalasaiuaunazaiin

hydrogenation nsiaulalasiau, lalnsaiudu
Ufsensiiulalasiauliluanavesivanssunstuazansatiunad 1lugnamnssuiniuazgnamnsuaivsg Ly
nsiinlalasiauveslaiuinlinealuduludud (@ unsaturated fatty acid) wWasuidunsalafudusa
(9) saturated fatty acid) lHuugIvFBILETEL NMIEMINATALBANEERA LU Tafinea sorbitoh 9Nnglag (glucose)
a a S a A ql: C a [=f Vv
nsudnaiarinwlalngalus (9 bio-hydrogenated diesel (BHDD)) vaaanindiululanira (9 biodiesel) Hlupu
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CHO CH,OH
H H H H ?
| | | | H———OH H———OH
—_ C=C— + H, — — € — € — HO ——H Ni HO —— H
| | H ot H OH
H H T T
H—1—OH H——F— OH
CH,OH CH,OH
nglag 7aiinea
Ui tnneudanselatuausnnnesiulalnnay Uifgennsugsgesdr aannmailelnsatasmnglea
224n9A LU TUEUFT
H H H H H H H H H o
PUPBUANBNEN BN
H_?/I\?/ \(|:/C\?/CI\?/CI\?/?\CI/CI\Cl/?—C—O—CH
el e T R
+ H,
H H H H . H H H H H
At T Tt
H—?/I\?/ = \CI:/CI\CI:/Clt\?/CI\(I:/?\CI/Cl\Cl/CIt\H
Ho ™K B R

hydropyrolysis n1s1nlsladnielalngiau

nsinlslad (g pyrolysisy neliiussanniAvaslalasiauianuiugs anusaiiunalivesasssive uazdndiuued

lalasarsuaulnsannisifinoiuans unnangainnisunavnanielaussanialalngian (hydrogasification)

| I3 Vv dl X aana a o . a Vv a dl a
UNNUANT ma“l,mmﬁ:mﬂwqwummnﬂgmmiﬂimmumu (hydrogenation) mma%aamximNamammmmmn
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lalasiauAnuiugs ——
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hydrothermal process nszuaunng lalnsinasuaa
nezLunerlithlussAugamgiuazanuiugaiiufmianiieu nezunstsznausme Myazant enasiml uaz/vise
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hydrothermal
freatment

TOW MSW sl

product

mmﬂigﬂ‘uﬂnﬂm%mwaqLL%&thuﬁi:mumﬂﬁimma%ﬁa

hydraulic residence time (HRT) 1anfinifiun

AM91AIUTTIINN FU1mT0909 visaLatinTaunds (Qﬂmﬂﬁmmi) ABAMTINTG IaURILNLEe) (Qﬂmﬂﬁmmwia’?u)

HRT = Volume of tank (m%)

Volumetric flow rate of waste water (m®/day)

LandeszesanTihEe 135unst i ﬁuﬁuqmmﬁ antveninde uasnszuumsthila Tuszuuthinuuugaieall
(@ up-flow ancerobic sludge blanket) 44 4 Lup3 thidaprnuandsniunans SAnaled chemical oxygen
demand (CODY agflutae 1000-3,000 Hadnusadns Wnafiniiulszun 3-8 dalu thidaamuantsngadl
Adlanat/luaig 10,000-15,000 Tadniumadns ldnadnifiuuiundt 1 3u iusiu

hydrous pyrolysis nnslnlsladaaenin

mi”l,wiﬂaa (@) pyrolysis) mﬂmmmmum Usznausms
Awnaunsnlslad

mmmmmu
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jatropha, physic nut @imn
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warlunsA Euphorbiaceae AAIMNENANENS Jatropha curcas L. WAReNUTUAIz1as 819n190 Wuldgusu
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lignocellulosic biomass Tuaaanlultaglag
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ANH; + 6NO ——> 5N, + 6H,O uaz 8NH; + 6NO; — 7N, + 12H,0

fruunmnluldiusailisen selective non-catalytic reduction (SNCR) uazuuuildsgaliisen elective
catalytic reduction (SCR) nsldfisaliisenaunsnangungivanszuiunisals unnewdaanldaneg

Selective Non-Catalytic Reduction (SNCR)

Ammonia Flue Gas Temperature
1400-1600 F

gﬁ * @) H,O »Cleon Gas

nsanuianquiulnsiausenlaanluldfisaljisen

NH; INJECTION

» NO, < BN, + NO, % »
2
Z
g o e S5 T L
» NO, » NH, + NO, co$ » » HO
» NH [a% N, N,
» NO, 3+ NO, »

/1N
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oligosaccharide Tadlnudnatlsn, tnnaluianadu

P Aa ¥ P = 1y | M v | a © Pe
arstlaznauailulamseiiioaluianamen 3 29 6 Tuana Tulasadn dnllvglliannistaewaduananlsd
menszuuneIAusauvisaniual vinlveanelavemedudnanlsagninuuugu lalassadauazanuenanals
vpalaatnudnanlealuutuey lusssuamanutiasuin Wiy snlua (affinose) WuUluNsLNItA Usznaumie
nglaa (glucose) nudnina (galactose) uazwlining (fructose) aewaz 1 lwana uazusalninslea Tawyly
= o a v a Vv | v
Hunazdniunddns (arthropod) Lnstiasznaumenglaa 3 Tuiana Hunu
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oxygen-blown gasification nisun@weuuuiilaandiau

nsunve (g gosification) Tmﬂﬂ@u@aﬂ%Lfauu?egwéﬁ“LﬁmmﬁaaLLﬂnmmﬂ (air separation unit (AsUY) dinldf
funisundvheniuiiululseliaualng iﬁLLﬁaﬁﬁcﬁhmm%auqq avliunnifluiewiuuia (g gos turbine) e
uannsalni
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para rubber 8191191

YA Vv 4‘ a |8 o . QI ° a 4‘ a Vv IS Vv = a A I 4‘
Eiusu Tainenmans Hevea brasiliensis furinifinitaludnils a1 30-40 W wnizliongtiosidandides wnile

A’ a <N QI | A | ° < ,ul B o vV I Y @ ] e E <

ngunuudveapenildauiiudnesu s visetna Waenvasdsusnmisuieaniaiiu 3 @ Ae waenuds
< N & o 1 % = A 1a o & A
Tuuangn (cork) iaanuiediusas (hard bark) inainen datex vesseh waziaanluan oft bark) NagAniuiiiaite
waenuasaaunlvitiens e wWdenuiviusawuazildenluan Januvunsiudu 10-11 Tadiums dsain
nsauaaldanaziasylamilawsnlaeldinan 7-8 Dudaluludwdugguds eanisivensnifinniudaiens
IS o YV o s | I | d s | ﬂl/ IS =3 g Vv <
tmandguazaendideuandu uneguureneiu maluwuuualge (copsule) Tnainlilil 3 wédn wWhenvuiudn
S < IS «;‘: a o ’: 4‘ < v v ° o & 1 a
fiane windvweulaailfuuazly diene datex) MAvswswlanssiuinnazney wasadunnusmy
naudsImie nezendegulssRAviuniasing (reTull u srusy lMmbAugewisduusnuaststimeulgn
Penaiufie Ymianss Wall w.e. 2442 AldFuiResAandy “Tauwien” (@wdn1sauens, 2013)
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v o
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partial oxidation Ufjfsaneandaduundau

UifsennseendladianfalinueendinuiieiilfiRaniseandlndedreauysel 1 TufRsanarsainuou
wulunisundnie (g gosification) uazni1ssWasy (reforming) uiAgeniilf anufeutud e
Qmmm%auﬁ‘uq fiinduszninenszuounis dhunaiendnafusuusuenlsfuazlalasiauanniinu
(@ methane) e dimisalffRenfimunzan

. Coy, Co
A ffﬂ ?
CH
A 7 Pt or Rh foll
Energeftic activation
of methane

Uifseneendnduunsdrununimliuasuuuildsis alfisen

particulate matter t!ua:am

agmmﬁumuaaﬂummﬂ faurAnannenmuazesdlszneuiivannvans Lﬂummﬁwﬁ'f@ummmﬁ'ﬁ‘ummagmm
Faus 0.002-500 luason uikenuuvasrdaly 2 szinn e B!u’a:ﬂm‘ﬁlﬁm%‘uuﬁ:LLW‘;‘Iﬂﬁ‘:’%ﬂ@jUi“iﬂ’mﬂﬂimﬂm‘ﬂ
Ay Uy nens ATuANAN 9B LATEUA LA F U1 AAIMNGTL UAZNIINBATINUAZE UAZ DAY
AiRpannemulunssenmethulliieensna g Wy ATy smoke) laszime (fume) wuan thing Huazend
1maNNN 10 Tuasaululadasinnisieningd g combustion) “Laiauu“@tﬁ‘umLm??'mﬂuﬁﬁﬁgjizuumqLﬁumﬂ%lr}ﬁ'
AelifAnnsszAeing wasvnaneiiaiiiatlan vaanaudniay lsAveyiin guaulthanes uzFalan
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lademsaeunmiaa
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pelletization n1sdALNS

m:mumﬁugﬂmﬂiﬁmmﬁuﬂuwimmm:uanmmmﬁﬂ WurnuAuEnaNTIMIN 6-25 TadUnT ANENT
PN 5-50 Hadins 1iiuawia (g biomass) frhunsunuazauuidliiamnutusnideray 15 tnenimin
veTanauiitaneuzduns vietudn Wy Ades wnau wedu nanazneuthd@s dhelflarnumunududs
Wﬁqqquqﬁu Peantlyinazmldanalunisdniy waznsuuas Lﬂuijv’umauqmﬁmmmimmum%m%ymwﬁwfmﬂm:
(refuse derived fuel (RDF))

FuradAuna

phenolic compounds an9ilsznauWuagn

a a o I dJ e v [ dl | o o a IS I a 1 Vv dJ I
ansduvisEnquiliillassailuanafiunuwmuniueyiusreauguiivylansanda (-OH-group) atatinemilany
mostiLiuaa (phenoh ldffuuinluniansnsnssunazgramnssy iy thunlfiluaisdsdund (ntermediate)
dwFunisudnnatanin g1 A1sTu uazgramnssuanaulad 8111wes sy nulamusssurAluievanautin

1 o v < o @ v @ o A a oa v a L R
wu G waldl igeana ayulns duudaurie wisdyny JaulRaueyysdass (anfioxidant) azanginls
o 1 S a Vv | -y a " R a a . . 2
Aatsanssznauituadn laun nInuadn (phenolic acids) antiu (g lignin) uazansilsznauwinwailiuass
(flavonoid) anstsznavituadniimuluirdiuunnegluluanaresimaluglsatssznaulnalalad glycoside)
anagaufiuewvisasIuiuatsLlsznatau § 1 nsnauvst (organic acid) sauagluluanavedisAunaanastn
(alkaloid) uazinainuaeh (terpenoid) Hluau Matnsuasanstlsznauiuadniwumusssuanmiuna 1hun auansea
(gingero) Tul4 g3uaa (eugenoh Tunuwg mzladuazlunsziner umdlau (capsaicin) luwsn tAaAIY
(curcumin) Uiy uazuATu (catechiny Tuan

OH O

OH
OH

Phenol Phenolic acids Flavonoids
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photosynthesis NsdaLATIZRRIEILAY

dld o a aaa dl o | o < a ¢ :j B
nezuunsiinvisedsimnasundnuuaniundunmuaiilugiluanaasdunsd Wunszuunis 2 Tuneu Ae
Ufji3enuas dight reaction) HsaATngdansziiuat (photosynthetic pigment) aun Aaalsiad (chiorophylls) Inlaiau
(phycobilins) ¥iauAlsiiuBgA (carotenoids) mithnganaunastnanuepauaee Misululfisen afwans
WAL ATP Uaz NADPH uaztlantlaaeaangiau Bndumeunil A Ugisennsanniueulasantad O, fixation reaction)
i3I INTUAAIL (Calvin cycle) W§uans ATP waz NADPH id1digdnsudasunifuausiiunsduns

s o . . | Kz | | N | A v - 9: 4‘ |
asuaulnaantan (g carbon dioxide) Wunihazauludiumiie g vasinunsnezilu nenludfu visatna el
wasnuliiiey duans ATP waz NADPH wWaeullilu NADP waz ATP nauudnduiisauasmaly

Ugisenuas IansiAau

— NADP*
ADP
& +®j \

RuBP

— 3-Phosphoglycerate
I

Faunsziuas

nsmazilu
nam iy

YV
(o,

NSYLAUNNTEIUATIZAAEIUAN

o
Aaalananan

plasma gasification NNFUNTNNRIAIEIWAIALN

ﬂ‘IZ‘]_J’]uﬂ']’a‘ﬁ’]a’m‘lJﬂZH&EJ@E%’JEIﬂ?ﬁh%‘lﬂu@ﬂmwﬂuﬁ@]\‘l

wezyarpeazgniowdnluluaununanauenia (plosma

4 D e 4w 4
arc field) TINAAINNIFITINARBEA2ENTZLd AN

n988

AN asinanenfuninsiavnsaanslusluns k <
) 4 ufadalpsnei

waaun uarldanufeuiilunisvinanevezyatles

aunsatnvinansanslaeandy dafluyaiediensan - UMD
% | y

Waanngin vgdasz s AnuFeurzauiallialnag Tasiloures

(@ gasification) Minannsnindaiusatlngn

Qpgtlauannie
nezualils ddszdvsningelunismdnaazlaonn AWNIFUN TN
Usziom vi'lvwewdenatiananendunin slag) ey ALWATIAIT ==
Wilunsnaasals luassldnundviuileanaudn uas L
L o o naanUadlans — | 9i79819Lmn
Tandsauanuiasay nazurunstanunldlalunig LAZALAN
AARNINUBYLAE VIZAALAD VidUEZHUATE LTAIANNTIAN
Taneluntsamuas faaiuludszinalnedaliiissuud wFnsiuuimanainanin
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plug flow anaerobic digester, channel digester 1awiing1

UeriTaiiriest i@ nanusn %@ﬂqmﬁfmLLN'uwmaﬁﬂwaﬁmﬁaummwmuﬁuqq (high density polyethylene (HDPE))
vi3aW3T (polyvinyl chloride (PVC) nstagaanauuulildainia () oncerobic digestion) uaznnsazauves
uiiaTann (g biogas) Anduneldusiunanann WALUNNUBLIIALLLAULE (7 anaerobic covered lagoon)
“Luw,ﬂumwumaamummﬂm neugnaveentlszunafesas 1 vevfuinstetitinyniu AENaUAILMIINS gnaalyl
flaaumnaznau aﬂmuwummﬂaunaﬂﬂmuammqmmmﬂ il BunauuafiGauaslssavanmassatintn

polycyclic aromatic hydrocarbons (PAH) lalasasuauriinualsuumnnanens

| s NIN Vv v = :; 1 g o | | (=3
nauanslalasaiuaunilaseadsluanadsznaumenauuutuisun 2 2aull dnGEadugiuuuma g dursawda
Y a 1 1 ,t: £ o a L4 a 4’

Mguniiviad 9mRangnIN 200 aszaidea llazaneni azanelalusvinazanaualsuuing NAUIUFZNININNTG

v ) aly 1 s | a Yo a Ao I o S o = <
v (9 combustion) #lsauysaluasnuiu thidu ves uazasaunadau s lih afuyms afuanladasosun
n9tl3eemng uaznnsudsgavnsiilinnuieuss wutuitleuluuvast Au Ausznay a1ne azaulusianieuas
adiin neliifinuzifdluaanzaneg vrtialddsslantlunisudnen @dou wanadn uazarsilesiufindndngie

Naphthalene (C,;Hy) Anthracene (C,H,»

Phenanthrene (C,H,y)

Benzo(a)pyrene (C,H,,) Coronene (C,H,,

1alnsansuauaiaualshuAnuaneng

polysaccharide, glycans waaudnanlsa, Inauau

miﬂima‘umﬁuimmmﬁﬁmnﬁqm"luﬁiimmﬁLﬂu
wa%ma%‘uaufmmimaqatﬁm visauauauinAnlsm
() monosaccharide) iilAsvasuihudunss 11y iraglaa
(@ cellulose) vidofhuia ey ufls \raglaa (Jusu

wilsLzzinaradluadllmasnnuymd 19 @0 e

proximate analysis NM9AATIZANLILILIT UL
nMsALATIERaNITALARINGY Tagsnuuniflu 4 ﬂfcju

1ls=NauME ANLAU (Moisture) @N33<LViEl (volatile matter)
hl (ash) uaril3unnASuauAIs (fixed carbon)
AN LALlauan Tmﬁlﬂi:mmﬁq@mmwﬁwumﬂmimﬁ
PDATBNEIAT AUz aNNa s TaING T uLsg
4” a 4‘4 | g 1 o | |
dulemadflinuAINIntY 19U 8R1dIUTININN
ANSLIRUAYATLIANST < WiEl LN AU AL AL
Tunguldsunruruiluaulan Fusu
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e . s | a e
psychrophilic digestion nseieNguUnNHUmAI

U

1 a a Y a a ¢ ] aa a Vv I v ql o val | a al:
nsruaunsdesaanansdundnasqaunddnqulelasianuinlduazlildananvinauldn lugaegumng s
sz 5-20 adATaldad TuAUssmANTaINIAMUNALEY 1Y Ussmeleasiiu a1u1s0NanLiaiinIn
(@ biogas) Anyadniannistesaaegungiisils

pyrolysis N5 inlslad, Tnislada

nsaanEdAaLIn R aINAlUNNZE AN A YiRanz Rt B ueendautiasninigasnns | unsien nsd
e ANl Husumauusnansmsidsuulaaiiodomdsisumuton  nmslnlsladiiuna (7 biomass) Ao
qmmﬁﬁi"fmfhmﬂw?ﬂaédmﬁu FraenaaL mﬂwii‘laéiﬁﬁmﬁm‘ﬁ'ﬂhqqmmgﬁ 160-430 DarniTalTea THT0INAS
Feuearatuazuia wazldnandniiduraads Ao diulfvied i wandamdureuvaiazuia 1w
nanthd (acetic acid) wMuea (methanol) weTinu (acefone) uaziaamas (esten Hufu Tuﬁ}umﬂwmaéﬂgmqﬁ
(primary pyrolysis) mﬁzmmgﬂﬂamﬂéaﬂLLazG"mﬁmd’]um% mﬁzLvmmqﬁ’mﬁaq'mﬂslum?'mﬂﬁmtﬁm@Lﬁmma
AALILLL (condensation) mumelffsemFtgil secondary reaction) maqméuuaﬁmzﬁy’ﬂuﬁgmﬂ“l,ml,a:uuﬁvuaa
sasrauilduananianifunnds 1Eun cuansvidaansuey wanamueamad tdun n1s lalnsandueumtin
LAzt uaznanAALa 18un Afusuuauenlad leth andueulneantas lalasansueuin iy efau
Ay wudu Judu Bunuuwas auummmamam%uamuammmﬂmmﬁmau amwﬂmh uAZIzTH nmwaﬂiu
meﬂgm‘m malulagluszazsulszenAtiuauiiu Tuﬁ%uuwmuwmwﬂmmmwamnmnma vt uasthiu
Mudasae nsinlsladuusenniu 2 dszianlvg Ae msinlsladuundy g slow pyrolysis Usznaw) uaz
nsinlsladuuiiss (g fost pyrolysis lsznaw) ?ﬁﬁuaﬂ'ﬁumaﬂumﬂﬁmm%‘au (theating) LLa"@mwnﬁﬁWéw%’u
Mstnlslad 0t g unnninanTiddmsunisinlstad ) azamunsinisladuuudn Tunenduiudmilunig
Inlsladuinida usnannilanunsautieidmuussenniarildlunisinisladli@ngae i nsinlsladielalngiau
(9 hydropyrolysis) Miﬂmﬂﬁ’] (9 hydrous pyrolysis) Tusiu

——p nailasuulaaiasljiseniiulalasiau @)

= 1nlslaga 8 . YRILVIA7 NFNARANAINIU
e —p . — ey ——p ~ =
550°C no O, YTONITUENIALAL]

L ngLen gl J

ﬂ’?u‘]ﬂﬁ‘ m’mmu LLNA

(H,, CO., CH,, C,H,, C,H,

neznunsulsgldialdnanaifudamdunaimanisinislad
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Rankine cycle i9insusAu

o dy 6’ NI 1 4‘ s o 9: Vv :j I v |
Tpinsiugnungunnamaniuasszunilila-weavar 1y insasdnsfiviuleun dsznausne 4 dunautes lhun
NN9AALLLLAIAELLANEUNALLA (eversible adiabatic compression) NsliANLEAULLLAMNAUAINEUNALLA
(reversible constant pressure heat addition) NsUENEfMLLLLAIRELLANKULEUNAUTA waznislansAnuiaud
AMUAUASILLURUNAU TG

Pump

Condenser 3
InsuUsIAL

<
rapeseed LUAALTN
<~ Vv I < R 1 sl % v L% L4 L% tI> Ed 3 E (I>
nrdugneglund Brassicaceae uAEILAUTAMSA (mustard) nna nzva1ld w3enlad nividmen uas
viinnamaesiill ¢umip) aneugitieuiileinenmans Brassica napus L. dgnunnluimenguuauelsy ausnmile
a0AATIaY U uazBuine Ta1AueIu a9 90-150 uAwms luhsaBevnuuuaduwluindawiseduudntes
furadnaquunuly luansansuzvsuludnuuuauun Aruluegns 10-30 wuRums senaenifutevatauau
dvdasan wwm 12-15 wwumues walflufnuuim 2.5-40 wuAuns Aeludindnaunadnnay dnananesi
fhffusasas 40-44 Tpedwmiin dsznaudensalafuBudi (g saturated fatty acid) tWedetaz 6 nsaludiu
laussuniaRen (g unsaturated fatty acid) 11U nenlaiadn Fesar 60-62 uaznsnluduliBusvanesuvi
(9) unsaturated fatty acid) LU NIAAtWALn Faeaz 30 thiuwdnsndaumnilnruinisas Mtuingaulunisu@n
lulafiza (g biodiesel) Tundtglst wazinsAnudsaneiufineldusina $9nluae ihduailuan (canola oil

AL ABNLIN LAALIN
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refined bleached deodorized palm oil vty
ﬂ']éuu?‘qw%(

i duAy (crude palm oll (CPOY ety
9T LUMINALRERTIINIEN (physical refining)
1Aun namanenamnilen degumming) Mensanaansan
n9Wand (bleaching) MeAuNana (bleaching earth)
nnsuFuan mintulf T unansdaenistadaelatin
(steam stripping) WaznstAnnsAluiudass (g free
fatty acid) LLa:mﬂﬁﬂﬁluﬁw’aﬂma‘ﬂﬁlumﬂiﬁqmmmm
ﬁﬁﬂwm:ﬁmeQLL%qﬁqmmqﬁﬁaq dwmdnsnau 1fu
Tngavlugnaivnssuamis L uzwﬁﬁqém%gﬂ
wendiey laansu unduminu ay (Jusu

refined vegetable oil thduiiurungsiiia
ﬁﬁﬁuﬁﬂjéqm”uuﬁmﬁI;J'ﬁumzmumaﬁﬂﬁu?qm%(
vanediumey Buainnnsatiaindusenannudaiase
FVinazaNeLanLau NN (degumming) At
nsawearledn fdnnsalududass (g free fatty acid)
vnriamelaasulansenlan @ alkaline catalyst,
sodium hydroxide) &1efaeni ﬂéTlu“Lémm%uﬁqmmqﬁ
220-230 avAgaidzanielin1zaguinia vand
(bleaching) AaAunand (bleaching earth) ﬁgquﬁ
175-225 asraaiiaiieliingiila wululpsauite
Hasfunnamiiuiiu e iusdusssimaunudiui
g lUlunszuunisudn ussquan dmtneludumm
LLa:sqﬂLﬂﬁm%mmﬁ'ﬂﬂ

Yoo A P | ¢
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refused derived fuel (RDF) Lainiwaqass

Wamaannszuunisdanisuezndmalulaggauazliuinsgiu lumadennildlunisdnnisuezineinuingn

\Huaam@ds nezuaunisUsznaumenIsARLEn (@ sorting) N1saAlUNA NsanauILlitiaaniItgetas 15 uaz

>3 a > { 124 a i a g
nsdinudn (9 pelletization) 813LANYUINY (CaO) luszmnnsdnidaiiariunuuazan s innuiaisinTuaIn

s tnll anunsadauuneantsilu 7 alln anuuIAsgIL ASTM E-75

MIA S0l WASTIG2T ITUNTTUAAURLARLNACIFIE

iip NITUIUNITNITIANS szuUNgLHN nd
a 1 dl v v -~ :: dld 1
RDF : MSW Anuenduninnidlfnanunmeain saunsaszndaualng Sicker
- o d . Fluidized Bed Combustor,
RDF2 : Coarse RDF uavTadnuezyatlasatnme o T e
FouandauflnindldiFean w Tavz uf uazduq Snisuavie
RDF3 : Fluff RDF o o § v Ao v 3 | iy Sicker
Anauinlvi 95% UpsezyanaNARLENUAITILIAENNT 2 T
4 o c v | Fluidized Bed Combustor,
RDF4 : Dust RDF arzyadaadunin ndlfununszuaunisvin e lugt e naru .
a i g Pulverized fuel Combustor
. aezyadasdrunn ndlauntunsziunsdaure Inalniaanu Fluidized Bed Combustor,
RDF5 : Densified RDF a°| ! i
NUUULINNAT 600 kg/m3 Multi fuel Combustor
RDF6 : RDF Slurry wezyarpedunen nfliunnunsruaunislvieglugduas slury Swirl Burner
aazyaaaduniun ndlAuntiunszuiung Gasification Bumner, Infegrated Gasification-
RDF7 : RDF Syn-gas 2 L o va 4 Ao v i
WWaNan Syn-gas Nanunsnlnfuaaiwasingla Combined Cycle (IGCC)

N niuﬁwmwﬁqmuwmLmuLLazmﬁﬂﬁwﬁNﬁu (WW.)

Anuuziliastamasassanddasnialsa liinay Juunamunzausanistlaumuivisaviialatn Jidudiu

AUENANY 15-30 TadUAT AITUET 30-150 LARIUAT AINUNUIMUL 450-600 AlANTUABQNLNARLUAS

WINzauraN1TIANLLAZIUA AANUTaUgaLTZINN 13-18 winnzqasailaniy uazanuausnlszunufesas 5-10

uazn1stantansansuaieainnisentug iy lulasiauaanlad laeandu waziqusu (@) furan) tagunn Wuau

anungalifuaminaananan iy uazanusou ﬁLl,mﬁmﬁﬁmwl,ﬂuﬁaLwaqéaﬂuqmmwmmw%mﬂju?ﬂmuﬁ e

antFuaunngldionusiu
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regenerative cycle igdnsguin

v
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maiiuLszangnmaasiginslailneguindusieananniAsaanIuLil condensen Tl vianauvisaiATasguLIAEN
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Rice (Major and second rice) : Planted area, production and yield, 2003-2012
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rice straw w9117
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A 4 o .
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2 \R
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sulfate-reducing bacteria wuaiEertinsAIETaINA

nquuLATiBeTdoniuzfuafiund (norganic suffun 1y Fan Gulfate, 50,2 Falwii (sufite, 50,2 uas
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sulfur oxides Lﬁana:wir'al,waﬁ‘aan‘lﬂﬁ

anssznauszymanaiiusiulazeandiau I 2 wla A daaslaoanlan (ulfur dioxide, SO, uazdamas
Insaanlan (sulfur trioxide, SOy fFawlaslneanlafifinainnisiniindidenaasangausniliiuzdu
| | 1 a - s . o o < . .

Wudrudsenay Wy 0 Uy (coal) wsivandalwm (ron sulfide) wsdanzadalwm (zinc sulfide) was
naunetalna (copper suffide) FalaflnseanlanifinanUiisenvesfamaslaeenles uwazeandiauluglnenl
naangen nsindanneiiune Wuufauanenvinliinalunsa @cid rain) dameslinaanlanldifluansandie
(disinfectant) @19¥iNANULEY (refrigerant) A3 (reducing agent) a191an@ (bleach agent) Lazanafuide
(food preservative) Fanasinsaanlanlhiuaissssulunisuannsaniiuziu sulfuric acid, HS0,)

sunflower NUAZIU

NUALAN TaINENAANS Helianthus annuus L. atlunA Asteraceae \Aulaluanaugu vuuaslan aiiauiy
nrlsufindu ddulinnnuge 1-3 wWes gIusasnguasnaunlvg 12-25 uRiuns Usznausisnentae
700-3,000 ABN NALABNTOLIULALNADIAN Lﬁamgmqne\'aummnﬁumaﬂ%'i";q WAANIUAZTY (sunflower seed)
1 v v = [~ a o 1 dy = a ‘lu/ o v Y |QI a
vauaenldanuds @it auamisinruiniegs eludrniadafuiniu dsznauaiansaluduludum
(7 unsaturated fatty acid) UINNINEBEAZ 85 UAZANIFNLALLABATE (anti-oxidants) NNMARAINNITaRANLTL
flilsAuSorar 40-50 lhiludrunanuosonmsdnd uiadu il crop) Nd1AMNLATEENATaINIINEST
wazndutnTi Lhﬁumaﬂmum:‘Twﬂuﬁfmqﬁwﬁﬂummami‘u‘iaﬁma () biodiesel)

AUNTUAZTU WAAMUAZTY
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supercritical fluid wasinanizivilaings

mmiwaﬁqmmﬁm:mmﬁuqmdﬁm%qm (@ critical poin) TaUTANINNIEANBLTTNINURALAZUBUNAT
Husviaranefiianuannsalunisaraneuas ANLAIINIIANzAT Gselectivity) fiufgnazategy anusaliuumg
amﬁ'ﬁﬂmqﬁaﬁwazmﬂiﬁimﬂLﬂ?ﬁlﬂuqmmﬁLLazm’mﬁuﬁ'Waﬁm wunsuaeusiavesinazane Wiiuansiedu
lulffBenueanesalada (g dlcoholysis) iiananluladiza (g biodiesel anthifuReieluiiugn g

vadlvaan1izing woalnan1zlaings wodlnanzimilaingm
(subcritical fluid) (subcritical fluid)

4 e - o
nsuasuutlasaniuzusauniuaanaiznaiunizivitedngm

= analnaniig
UL RIRNINGIGI L
wileingm
ANUAU
ngm R
1
T NITVADLLAY —> VY
= o I
<« n9iEianud  IMINgR
= 1
& I
= . 9TEIViEl —> :
g Qﬂ?’)llﬂ’]ll . I
<— NTAILLUL |
ANUAL !
F9A"Y _ . . !
neTEVIA — ung :
—nsnanenfureduds! |
| 1
& ' '
I} |
AUNNLTINAL AUNIINGA
9 U 9 q

gounQll —

e an S gaans s il
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supercritical water gasification (SCWG) nisundniesieiiniazmviaings

a

nezuuNsuNdrheaneinazmilaingn innazt tilanuiugandn 221 wnzthania Tgumgiiani

374 yadea uazianuaiunsalunisvindgisenge vinlidanalalnsladuazinlsladlundauiu

AT )
v A

AN AR

Y dld ﬂqj v aaa g @ a o . R dl a é/ o v
annanlimanianurugls diisentamaiuialng (water-gas shift reaction) Mifnau villFunalalagiau
24 49/ a 3 ° Y ey dqj a dl Yva v J Vv <
Tuufadamageu dwariliufaremdmininanuiougaiune An Usunu 12-18 lNZqanagnuIAnLuns

A I 1 % 24 4‘” a 4‘ a a 4‘
Y9UTZUIU 3 INNUAIANAUTAUURILNALTDINAINNAAAINNT L LIUNITUNTNIEAU

Capacity: 3-30 I/hr
Max. Temperature: 650°C

Max. Pressure: 350 bar
Organic content:  5-30 wi% Y

«
i)
5}
S
14

Heat Exchanger

?

+ cooler

Water

Feed Pump

HP-C/L Separator

HP-C/L Separator

v
nszLuNsUNGefeninnzmiliadingm

. A4 a CA
switchgrass 1ainrunsa
NN URIandgoIuEnT JTan19IngnAansan
Panicum virgatum dgnuanuauviteuiEnimila sens
WULALNIVINUUEAINEIATURALY ausalfiniied
a Vv | | a a < v ,el v
nananlauIunIT 10 1 lwsAnlagy Aesnnguites
wulalawdidufunsie Auniunelsanaziuasgs
ArldaelunisinnzLgnein r}’immiﬂﬂﬁw‘imﬂl,awq:
79 lulmsiau Aundanisinzdgnlugnvitans dsugs
Winanandndnlure 3 Yusnusinisimizign gean
1323110u 5-10 AuUABLENANS (hectare, ha WUT
Y ~ X lo K
1 Enen iy 1 nilumsauns) aueiulFinnieh
Tunud ﬁmiﬁﬂmwmﬁﬁﬁﬂﬂmwLﬂu’?mqaumam
a «
\OVLA (5) ethanol, ethyl alcohol) sz ilavALlsznaLues
\raglaa (9 cellulose) a4 dmiulszinalnedaludinisi
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tar 1%, UniTuAu

UpIUAMIL AdiLAUAn THINNNI9AaEAINIIANLSAUIDIAALNAILT 11

I a a ¥ oo . = . 1% <
DIUNU YIUUIUU (oil shale) BUIa ([{?J biomass) Usznaumelalnsasuau

vareeiia Duaistudevluniadunszi @ syngas) lunisundnig

@ gasification) natfymnluszuunisidwia s lnliluiasesaun

dmsunannszualiin uiarnwdsdmiunannszualniinaasdFununng

1s01fu 100 ﬁaaﬂ%’uﬁiaqﬂmﬂﬁmm Aasthaden i ldlunieiidanag Aa

sxuntitauiauuuitlen (wet scrubben wamniFunuunazifailymn

UAemIuLn ﬁwﬁummTu‘lﬁaﬁmiﬁﬁmmﬂﬁ%ummau‘lf«mehqmﬂ LAz

Hmunnsatemalilad uanaInnistntTaufadulanauan SeinigAne

NNFAANISTZMINNITUNTNIE LU NITUANFIALAINUSAU (thermal

cracking) nsldsselfiisenmnae Husiu

thermochemical conversion nﬁetﬂgﬂum\iammﬂﬁ

N4

ﬂ‘iuU’Juﬂ’]‘j‘LLﬂﬁ‘ﬁ‘ﬂL‘]I’ﬂLWﬁxﬂJ’MLL‘]N $2UD9TILA (5) biomass) WuLlfiFeuALisg i LﬂuwaqmumammwmmLmuau

‘Vlﬂwﬂ'ﬁﬂ Teulaazman mﬂmammwmu Lﬂuumimamanaaumaummmmu NILUIUNITNAN 4 NITUIUNIS

An nsueninll @ combustion) n1slntslad (g pyrolysisy Nsun@ne (g gasification) waznisvinliiuuasval

diquefaction) Matnndlilunsruaunisusniuysdi ldvisatuunlindnanufounazuasain wimuilymizasniu

manduowlfiierdaatsszive An manifualud (i cabonization) visansinlsladaensdi <) (g slow pyrolysis)

@ aa $ a aNgy o 1= a 0% a o Y X P N (% 1 v
udgnsaanuinld Anfugidfyyieiu uazluieulaiamineniunatestuuy iwaiunalarasaiuld

a :: L 4‘ s s v ulz | \1; v s v 4‘ v s v | 4?/
wazAnsegLnsalivainATuLazatsszive Tinduiuhduatuld welddszlaninanisinsmsiunsvaneau

dl a 5 v )
n9ilaaunlaiTaAlinuTauasTINIg

l

!

I

l

NFUUA

g lug nslnlslad ngundnng ngviifluveawwan
v v
hj v I 1
1 « 24 a s
UG UBUNAD GIREe auang URILNAD
v v v
CRNP ) y R
AuSau - LG GaET - wsstuadon [ arnugeu LR GRGAET

NFUUA

N =
mﬂﬂmumqqmwm
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thermophilic digestion nstiaeNgunnNas

9 U U
neziuNstegaansdurTdMmeqaunsinquinas luidntiialduaz luldania ﬁﬁwmu‘tﬁﬁ‘luﬂmqmmﬁm'awﬁfmgq
Uszuna 45-60 aarnaided euldudnievseidpuezBunddssuundnndunauazlindnnes matlaeaaneniniae
gnamnssy uazdesaaevaiulesluszuumidnsuyadniuwunldldoinadmiunisudnuiainim g biogas)
NIUNAILINANIUNALNLLAZAUSNHOINGNIU neznsandany TAn1sade Wuuazduasunisinandenu
uazyadnInunIsdngy ienanLS AT A TN s U ALY

90
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70 AN e GRYEERREL
o _f N4 g
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(ANANLTALTER)
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f
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AU

navijauazgunginieluligamgiigelu 2-5 Juusn wmunzfiunistasaansrasqaundnguneiiuian
vinntiudegunglanasiunistesaaelneqaunsdnguiulailan

Ground -
beetles

Centipedes

Rove beetles
(Staphylinid)

57
."_ L
Pseudoscorpion 5 Ants
Predatory

mites Soil flatworms

(Turbellaria)

Mold mite/
Beetle mite

Fly
larvae
(Diptera)

Rofifera

Actinomycetes

Round worms
(nematodes)

Molds/fungi

Lt

(AR

o.ép -‘* ®
Bacteria

24 Millipedes
o
&

Earthworms

Organic

(A

N s oA A o e | e s ava H o
aUN LUUANN €] NN INIUTIUNU Iuﬂﬁiﬁl@ﬁﬂaﬂﬁ’lmgﬂUSLWLﬂquEIMJJﬂ

&

White worms/
pot worms
(enchytraeids)
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torrefaction N1snassniel

mfiamammﬂmﬁmaumamma @ biomass) lunmzduainia adnensinislad pyrolysis) uAsEunnef
ammummq filszann 200-320 asrnaLFeafunanuny IEndadum fudamduddhmaduien Saud
'mmmLwaqmﬁummummwmLLuuLLa:mmﬁmau LLa:mmminmmamﬂumammum@mquqim finnsgoy.de
Wanalungzuiunistezinaifenay 20 wazilvanuiaullszinaiianas 10

o < = L= T SR VR B =
AnmuzNITaguaINIILNa (\lll) WumamwasbauneNiun1snadsvne

transesterification nsudiaginasniadiu
nawlatueamesaiianiafueamesanaianildnevinfisentuueanaged tnapSadendt inter-esterification
@uwes-amesiadw Julfiseniundulsa ceversible reaction) 5alfisenmiansa wa viseiauladlama
nsudinamesiinfuredinsndiaalsn (g tiglyceride, triacylglycerol fifluasdilsznoulutiuie vieladnisu
lwmuea (g methanol, methyl alcoholy udlffisendrAnylunswaniuleniaa (g biodiesed wfiniuitaioainas
184Nl (g fatty acid methyl esters) mumtaansduius Insndiralsd 1 Tuanavilgisenduumiuea
3 luana lawnaeamaivansaludiu 3 luanauazndimasea (@ glyceroh 1 Tuanaillunandn unlumalfinnes
T Buuuvnusauniiune @rsdulaeluarsauniuesnalasnaalss > 3) Lﬁ'a‘ﬁuau@ammﬂﬁﬁ?mﬂﬂ%mﬁﬁ
SNy msldfisaliseneniugutinua wiu Indeulansenlan ( akaline catalyst, sodium hydroxide) TWLmaL?ﬂﬂu
1amarﬂfﬂmLLﬁ“TfﬂLmﬂmwaﬂifﬁmmﬂgﬂimimLi’mmm’;mﬂgmmmma eulsl uAlmundwmsurhuie
vieludn ST s uunanluidas: (7) free fatty acid) wazin (g waten) FiNINGaEAL 1 Tneniminwidu AouUNYil
mwmmmmﬂgmmaqhﬂm 60-65 BNALTALTEE aﬂwm:mmmamammummamaﬂmmmhmmmﬂmaqﬂmuu
LLﬁZﬂaLsﬁﬂiﬂaﬂQj%uéN

CH,-OOC-R, R;-COO-R’ CH,-OH

| pruselisen |
CH-OOC-R, + 3R'OH *=————— R,-COO-R* + CH-OH

| |
CH,-OO0C-Ry R3-COO-R’ CH,-OH

o o 8 |8 o
naLzalen LaanNagaa IRALNDT NaLIaTRa

1§73 msn.d.agnasiuademns s snacinsa

arsaunsu waovwnainu [175



|

T-U

Y FAIAUASWANIUTININ

triglyceride, triacylglycerol lmsnairalsa,
nsiadanaitases
wamesiia 1 lwanadsznaumevyioamad (ester

group, -COOR) 9113 3 vy lrnnuffisenieamesadu
(7) esterification) aesaNysalRINIABUNEE 3 Tuiana
funalzasaa (g glyceroh 1 Tuiana wulusssuui
Wuasrdsznaundnlutndunazlaunlsannia
wavdm) Hnsmaunsalszinnnanluiudasas 94-96

a L3 N . . ql
Ingnataalss ® ’rrlglycerlde,y’rrlocylglycerol) 1l
1sznaumanga lusfuataLAeR T URaILALLG 38NN
Inandrralanatinifen simple friglyceride) fnmnsaiin
fu 3enan lesnaimalsnatinuan (mixed triglyceride)
fiauninge luazatgdn audAnienieninuas

a = 0’4’? o a o ql

wwiaadltmenataalsnaunuutanuaansatutuniyu

mﬁﬂa‘zﬂau’lu‘[maqa

nsAUALAN

T
o naAaLULAEN

NaLIasea l—0 i
o NIAALULABN

(@)
Il
O

Tnseadranivedlnsndialsn

ultimate analysis N1EIATIZIULLUENE0)

MR AR neRiEEn viTlimanLesdLlszney
UBIBIRENALINI ) o s sueu © lalasian ¢
Tulpgiau (V) 2aNTRLO) wazmuziu o Tunseany
LANNSILAT SRR IAREREAZ ANLTY UazIENEE
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ultra-rapid pyrolysis nsinlsladuuuisatisenn

msinlslad (g pyrolysis) NLERsINNTIIAMLSBUZLN
asannduaaudainntiniiflusinanalvianudau waz
Vv o 4‘1/ a [~1 S a .
AANIARTTLIBUNIATDING WY 1i38T3198 (§) biomass)
agnadilszansnin nisonalaumnusan LazngLNy
o v v ° v a i a &
ng N3 1A LEaUYINlABEN99IA5) HaKARINATUY
:: L3 a . . ]
ludunisinlsladidgugil erimary pyrolysis) AILLLL
] [~3 v L = a «
a81999A137 Maunaengtnlsladluiasesdinenl
(pyrolyzen TTULLENTZVINUAALATIDIUIN AZUEN
(=3 Vv QI v o 24 NI ]
Paandegauntaidumnarsaanainunanluaiunsn
puuuls uarleszmenlianninisladdudgugd
raaaudisllianudaunauliutaesnindulililau
QI a o€ I v QI a LG (ll::
wrnsljnsallvallnanasmiupunanlesaaljnsallvdu
NgauazuluEuINTgn vnsinanIsHaNEALTaguUn
ndlunisinlsladesmlszinn 1000 ssrimaTtALAL
1l9211N0u 650 avANTaLTEd dnSuNananTuuaaa)

1almau

wnlnlslad ufdu1ann
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unsaturated fatty acid nsalusiuluausn

nemALvEETRANTUaY Talnsia wazaandiau \ThismasAsznay Tsatravilihlsznausnaanelalnsaiuouldnaeis
fuszezvivarmauAsLaTuiugzs (double bond) atnatias 1 AU uazvASLBNTA (carboxyl group, -COOH)
UM 1 Ny Tuﬁiiumﬁmwmmlwuimmmmmwmua mauﬂwuam“wmq 16-24 BzMBY aﬂ‘lu@ﬂiminama%m
(g triglyceride, friacylglycero) Tuthiuite Wy 1hifudmaes tiuugaaenynunziu i s n 1hiiusdng
Fudu uazlulamsiaian iy ausauey mmimuuimummgmmm LLa:ﬁgmmaaummmﬂ’nﬂimhuuaum
(7 saturated fatty acid) fiiuanezmeuAsUouYhiY Wua:@jﬁﬂﬁmmhﬁuhﬁuﬁaﬁLaﬁmmwrﬁi@mmqéauﬁ%w
Lazaandladladng Rennsulaeud waznawmiiuiiu cancid)

O
o)l\/\/'_\ NN NCH,

Arachidonic Acid (AA)
endogenous pain messenger

o derived from LA

Linoleic Acid (LA)
an omega-6 from vegetable oil
O

Ho)l\/\/\/\/’_\\/’_\\/’_\ CHs

alpha-Linolenic Acid (ALA)
an omega-3 from flaxseed oil

O

HO)‘l\/\/\w/b/\c/\/\/cH3

gamma-Linolenic Acid (GLA)
an omega-6 from borage oil

TAgaadamaiadaunansaluulidudmvanasuntauneaiin

@]
o ANV INAAN/
nsmlalasan  HO

lAseaframaatuaensalaiaan

up-flow anaerobic sludge blanket (UASB) szuuiintinuiusiaiaail

o o o 6 o I ¥ ) ) . 4 & a 19 ¥ o . T A

nathimindsuuulylienie @ ancerobic digestion) Taidemznauuuanaalnglulimnans medium) Unide
gnilourimeinuansuesds uuaensyAtlawazsuitudanzneu grande) sausidudunznaustAuand
29N AULUABIINHLHUNTZNU (baffle) WATNLINTILLRA (gos cap) YmTnilesunznauLuATIFaIUIALEaN
aeERaNUANILATazaluiaTINM (7 biogas) mua1AL Undermininudiazlnenanniauhau wein MasuLLIaIns
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used cooking oil Unifutlgearmsliuda

q; o A < s n’d‘ A Ql a
Unifune vsaludninlane mmm@mmmnﬂuquﬂu

sraziaunuvselddn fanisutlsaniniiulfisen

WILB9ANNAMLFAY ANuAUlue g aandaulu

8117 uaziAsedlpenne e vinliddadn naumduiiu

sununsaludiudass (@ free fatty acid) tuay

I 4’ a a v
WJ"IZJWHI?]Q\?‘]JU NananazATulaeUuzNan Wuans

19 (polar compound) wanaanlan wazinadeanlan

aLADATE wazwadasnaliinauz5anssinza1vig

uzi59iu Teplauasvianniaan

volatile matter @ansszivis

PFunuansiiinannsaanammannusauledaamaazssimesantl nemeastluviealifinssansyvion
anaznslvianusaugungiianing uazldnausidmualiluuinsgiunismegey U 1InsgIU ASTM D 1762-84
Annzisinaansszelunuld ihanuldunenigungl 950 asriradaluninmuduneunszyluinnsgu

Hudu udrduumniBnuanssziegainnisgaidativtinuesinesng

Parameter

Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen
Ash

Moisture

Fixed carbon |
Volatile matter |
Ash |
Moisture |
Higher heating |

value |

%
%
%
%
%
%
%

%

%

%

%
MJ/kg
Btu/lbo

Powder River
Bassin

Eastern
bituminous

Untimate analysis (as-fired)

5118 |
3.49 |
066 |
023 |
12.70 |
451 |

27.20 |

72.57 |
498 |
122 |
085 |
570 |
8.59 |
6.00 |

Proximate analysis (as-fired)

53.00 |
5241 |
8.59 |
600 |
30.20 |
12,400 |

Undfutlgsamsldudy

Wheat shorts

4182 |
5.46 |
259 |
021 |

32.88 |
4.24 |

12.80 |

17.88 |
65.08 |
424 |
12.60 |
16.70 |
7,200 |

Wood pellets

50.50
6.00
0.15
0.01

40.50
0.33
5.52

12.50
81.65
0.33
5.52
19.30
8.297

I~ wa N < ~ N o 1 a
ﬂ']ﬁ‘l,‘]filﬂuLWEUGLI‘LImIﬁEIﬂ’W'a"JLﬂ‘i’]3‘1/1LL‘U'LI‘]J?ZJJ’]MLLGZLLEIﬂﬁ’Wr]J’NEMJJ'JﬁLVIEIUﬂUﬂ']uVIu
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. Vv v
waste tire UBZENG, BNN9TNEUA MILAT
£1990LILUA FOLITYN UAZENUEUADUNTUAANINNNT U 8n9da 1 WU Usenausesnddasas 85 MANLAL
Saraz 12 uazliuesianas 3 asAtsznaumaunil laun lalnsarduau (hydrocarbons) $a8as 51 NNANTLALLLARA
(carbon black) Sazaz 26 Undiuiasas 13 aanlaRuavdinsd (zinc oxide) Saeas 2 fuziU (sulphun) Fe8az 1
wazastsznauyiaaiiou s Tuwinmafudiam@mauny a9Alsenaundnueesnaualiusy Aa 819899NIR
o (4J 2= o | Vv v o YV v = a
WazeNNdLAIIzy TanAeanslsnau lalnsAmsuauanelaend anugn lManNnNIsaaIAIAIEAINLTDUNTENNS IS lad
@ pyrolysis) vilvilassaiamantiuasenssasudumniiuanstlszneulalnsafueuanelzaulugUvaniiu ufaemas
uazauans  wANansuNnUnTuN s LN uzduiuasAlsznaumadiungzLrunisanniuz dunautin 1l 14euas
lunsaztlTuszanesneunuInnidn 10 ausulan wazanesnsuAwantllaiunsnsasaans lALoamIusss U A
gINNTTANLLAZAITA LLa:Lﬁawmqﬂamiwvlﬁaa'wmmﬁﬁqﬁﬂﬁﬁmuﬁ'auaﬂw TaunenenunenelauLan
inldlszlamilaemss 1wy n1stlAseensdanununsldnuLaAlLATIAtan ng lvaananivetinnduunlalva
=y ° Vv 1 YV a o g | Vv | o v = a G| «
mama‘mmqaameu,ﬂﬁgiﬂwLﬂumammﬁmmq6] TAun 09982879 NF2019 FAUNLA mammﬂmtﬂugﬂmm
ql Y [~ v 1 a6 ¥V Vv E% 1 o
nlaluniginemsuaziszue Huau wpantsunuazduananesngun lauad ba tuuantin
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wastewater from agro-industries ﬁﬁtaﬂ@’mqmﬂ’mni‘i‘mﬂﬂﬂ?

q: = QI a &I a | |~y q: dld a a = (QI a :; 1
UAENINAYUIINNTTLIUNITNAAN N AAIVINITUN AT awlugiduimiveadsdunsdninaludunsuniag
YAINTZUIUNITUAR ﬁauﬁ’ﬁLLmnﬁi’Nﬁ’umuﬂﬁzmmmqmmmﬁu Wiy anarngsuilestannsiinuazualyl

9 U
| )

Fauanszanm thifuhdy weanesed thea W Sansusmameann Ae 1 andvisas naumiiu nwuzma
T Ae JqaurEddruiuuin wardnszmanil Ae danudunsa-wa H) N1 7 A1 BOD 17NN 600
Haaniumadns A1 COD 1IN 1,000 HaaNTUADAAS mﬂﬂ'a'am}wLaﬂﬁm@:wéqﬁﬁﬁﬁmﬁimam\i ToelaitingTn
fauszdansELAAWINRNAY

water-gas reaction Ugfiseuia-n

Ufsensznneaniueunazlaln lanansuniuniadunsz fe lalnsiauuazandueuueusnten (Julfisen
AnANLTEL

C+HO —> CO+H, AH = +131 MJ/mol

water-gas shift reaction Ujisanainasufadng

Uiisenszminsanfueuueuanless fuleth 1Tiansueulaeanlss (@ carbon dioxide) uazlalasiau Ujisen
ooy wazdiounduld amlifsaiFendwiaen thinlddwmiumaiseuduiuredtalnnaluuga
&UA3nzn (g syngos, synthesis gas) 91NN153WBIY (reforming) visan1sunTwne () gasification) ietinlUndn
Hudawddalasaudwinisadidamas (0 fuel cell)

CO + H,O — > CO, + H, AH = -41 MJ/mol
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NITLINIUANNENALAIN

wattle nsziuusIA
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wheat 4717@18

o oA o @ I | o I N o ¥ o a < )
Fywunidawund ildulsgdfluawnsasnaunsnaneiilan egflunstnaiieniuvah Tanenmand Tiicum aestivum L.
faurdalunzTuaannatuilesd 7,500 Unaussandnsia unadugn dfuslanarunsansgauinls
suunmiiaduguians visalunaugu guvginuunzand miunisasayiuinegssning 10-25 a9riTaidea
vgansasALlauazateg vinlian neiniAdeungungiigendn 35 asrutaidea wasduiluduasAlsznay
Uszunndagn: 70 ludszinmavigauiin dednaud@nunnifuanusssmsaziuminihieniuea @ ethanol,

YV | d’l’ a 4' Vv o J ° Y v 4 a 4 :; | (%
ethyl alcohol lHfuaam@sluazasunls Uszmalneanunangiun dutldnaduanissmedumsfaunaie
auAansTunelusruengeSagsen unsudgnlull we. 2477 feulgnuuiuiigeainszauimeia
nianmanmmuniiunaent Taaiulgnun? Sminuassrdun fmindeddnl uazfminin winanan
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willow &2

Uikuannmdn vsea1agedia 10-20 wms unnsniumuaeiug aefluana salx dnwuzinlUiTusuliss snselduiuey

wiilnlaalugdeaniamunuiu ansalgniflullilsziu visahluwazilfentnadmiuenls dniune
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rannazua il unandenunddmeanings Insanzdszmaunuglsl waunman uazanigaiiani inezlvitFunmn
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o compressed biogas compressed
biomethane gas (CBG)

uffaTnndna @3

Q

ind Map

biogas
uf@tiann fraiinnaw lulaufa

© manure biogas
uffanamannyadnd

& town gas
atuna

@ syngas, synthesis gas

uRAdwAIIZIA

@ methane
tnu

@ ethanol 95.6%, hydrated ethan
hydrous ethanol

v v oy
LANUALTUTUTRERE 95.6

< producer gas
lilshatrasuna

chemical compound
anstlaznauiall

< gasohol
o z
unleaa, ufaltand

gas fuels
Lanaania

[°]

azeotropic distillation,
extractive distillation
NINAULLLAIALAEA

L°]

biogas post treatment,
biogas upgrading
mathiTaulatanam,
nsiuAnnmuiatinw

L°]

catalytic deoxygenation

o diesohol
-
Alasdaa

processes

nsUdRRendaumIEAsfsen NITLIUNNT

L]

ethano] dehydration
NMTUENUNBaNAINIBENIULES

Q

L9

denatured ethanol
Lﬂmuammmamw

hydrodeoxygenation (HDO)

lalnsRaandaiud,
msudpaandiaulaeldflalngiau

e

cellulosic ethanol
mmuaamﬁmagiaa

L}

ED95

ol, 1IUBA95

Q

ethanol, ethyl alcohol
- 7
LAanNIuag, lnalaanagaa

o ethanol 99.5%, fuel ethanol,
dehydrated ethanol, anhydrous e
emueadiudyieeas 99.5,

hio-ail, pyrolysis oil

iutinnm, Inlsladanasd

derived from sugar-based biomass
and ILgnoceIIqusq

\
)

o hydroxymethylfurfural (HMF)
lansandiuiiaiaiinga

o furan
Fausu

°
thanol
mmuaamimﬁmwﬁa, L@W’Wuﬂaﬂi’]ﬁ‘]’mﬁ’]

chemical compound
5
ansdsznauynnaall

o furfural
waswaia

< ethyl tertiary butyl ether (ETBE)
efiawmaiiesianaaines @nia)

@ bio-char, wood charcoal
— “
oudnw lulaans

solid fuel
e
LUADLWAILUY

< butanol, biobutanol
dawnuaa, Timueadanan

o dimethylether (DME)
lawnadinas

o synthetic fuels
T -
LUBDLNANANLATIZN
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IanTanalsziantina uazdnluizaglaa

liguid fuels
S
LUBIWANLARA
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r

@ B100
11100

@ biodiesel
1uladita

@ B5

2 alternative jet fuel
diTuezasduniadan

© bio-hydrogenated diesel (BHD)
Aatnnlalnsaiun ot

 hydroprocessed renewable jetfuel (HRJ)
ihiluasastunaununtunszinunslalnman

o fatty acid methyl ester (FAME)
Lmﬁamﬂmai’mmnmhﬁu

o fatty acid ethyl ester (FAEE)
afianamaiunngalaiu

derived from
lipid-based biomass
1pantnualszinnana

< diglycerides, diacylglycerols
~ - o
lanaimalsn, laedanaimasaa

chemical compounds

© free fatty acid ¢
asisznaumiaall

nan ludunags

@ glycerol
NALTRTRA

@ monoglycerides, monoacylglycerols
= « Sra e
M@uﬂﬁﬁlﬂi@\liﬂ, UAUDLATANALTRTDA

< methanol, methyl alcohol
WVUea, Wiauaanagas




Biofuels

LRLNAY
=
90N

A

engines

@ biogas engine
- e
LATANEUALNAUININ

@ external combustion engine
3 . v
wsassuAEn ndnneuan

(1

@ syngas engine
ey T .
LATENEUALTARUATIZN

internal combustion engine,
< 1C engines
" % o " >
wsasEuAn ndnngly, wensaurlad

@ gasoline engine, spark-ignition engine
wrassuAunlTay, iAseseuRqaszilafaiiay

: © 2 cycle diesel engine
LATRIEUARLTA 2 TN

LATREIUA

cgnventvional fuel *
\ RGN

@ 4 cycle diesel engine
LATDNEIUARLTA 4 49N
o flexible-fuel,
ﬂex-fugl vehicle (FFV)
Wzl diiawamannatia

@ combustion chamber
viaaunlntl

@ compressive ignition
mi'«vm:lﬂmﬁwms‘ﬁm -
z : fuel properties
- E~ ANTANLTRINGS

@ high-speed diesel oil,
automotive diesel oil
MiTufanyws
@ diesel fuel, petroleum diesel
diTusiea g

@ low-speed diesel oil,
industrial diesel ol

@ acid value, acidity
" =
AINTA, anuiunsa
aromatics content
Buuansualsuumng
benzene content
T IEATY
carbon residue
NINAITLAY, NITRTU
cetane number
Y, AU
@ cloud point
U
@ dey point, dew point temperature
qatAe
@ flash point
aanuln
@ heating value, calorific value
AANLSAL
@ lead content
1Bnungia
& kinematic viscosity
e TE e g a “
ANUNAUAALULLAN, ANUNUALINIFAIANT

< methane content
1Bunudinu

=

2

[©]

(°]

(<3

@ octane number
.
lauaaniniy, Aeantnu

< phosphorus content
WFinuraanasa
[ @ pour point
qalvan

@ solvent washed gum
£namtien

@ specific gravity
=
ANMUDNANNZ

@ sulfated ash
Wndamn

@ sulphur content
Buuriuziu

bl Sl lie] f

@ total contaminant
Avhutlaurionus

@ total glycerine
T
NALTRTUNINUA L]

< vapor pressure at 37.8 °C
anusilan 37.8 asdTaldea

@ volatility
anmszivels

@ Wobbe index
-
AAUIRLILLI

o water content -
B

< copper strip corrosion

nifupanyuin

MINANTALLKUNAILAY

o distillation profile
InglWdnisnau
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2 cycle diesel engine iARRsEURAITA 2 Famaz
ASRRELARLTAULLE TinMevinau 2 Samzszneyine
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4 cycle diesel engine LATAEIUAALTR 4 AN
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aulentln 2) 9912z8A (compression stroke) gnau
4 4¥ o . "
LABUNAIU NANTEABINA 1FURgaNNIAWaa1sE N
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acid value, acidity Ansa, Anuilunse
ﬁ']aﬂ”mum@mmwmaﬁmqaufﬁﬁﬁuﬁﬂj vign ludmn gy
wanlulasite () biodieseh uazdarimunauiinua
dhiululedima Ansatluent Bununsafiluiienly
ﬁqﬁuﬁlugﬂmmﬂimhﬁuamz (1) free fatty acic) visamnlas
Uffsennsa tnannisininsaivatsazanainunaldey
lansanlgnmiianaaan ASTM D664 vi3a EN 14104
uanAnluntheliadanfuvasinunadaulansan lanmns
SRty (mg KOH/g oil) Angms

(Vo™ Vo) N 56.1
W, il

Ol

Acid Value =

4‘ g a 12
e Veq AR tBumsansazaneinunadaulansanlon
Mdlmmemihdulumyinazane @aaans)

Vo Aa tBumsansazanalnunadeulansanlon

q
nlnmemivinazane (Uaaand)

N A2 AUyt usesdnsazatsinundi e
lansantlasn duanadans)

W, Aa thuinaasihduildnegay (ndu)

56.1 e dwtinluanateddnunadeulansenlan
n5u/lua)

. . Y dl a 4
alternative jet fuel UUULATAILUNINLAAN
ihfiuasasiunananiemdsoada (g fossil fuel)
Uinslagudiuia () biomass) nFatduainIn
@ bio-oil, pyrolysis ofy MlulAnaRaINNTTLIUNISTY
Ts9ndutnuilinsiasy watfutnunuanlanann
N8N TULAUNLABIL (Canadian oil sand) 1UNsTuLIn
niuanau 1ale (Venezuelan VHOs) MFaNEA3IN

a P s . .
NFzUAIUNNaLIas-NTaLld (9 Fischer-Tropsch synthesis)
Feldouru visaouAULALTILE Visaudassuang
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(g hydroprocessed renewable jet (HRJ) Thifuedestunadaniindaannaatiniuuastesladiautmngan
Sormunuahiuetadiurln Jet A wnuziidewawaanagedltmunziasin ffuiuesesiuiasn
fiAnAnu¥ausi szmedne uwaziigaulvas wuieniululefiaa () biodiesed uazlulainls@u (biokerosene)
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azeotropic distillation, extractive distillation
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mmél’mmmaumfgm?mm (azeotropic mixture) 14NAU
LlaUea (g ethanol, ethyl alcohol) ﬁiﬁimﬂm?ﬂél’u
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mmmﬁum‘gmLﬁamiwu'ﬁlﬁ'@gmlﬁamm"mmmmmau
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AUAL (pressure swing adsorption) NITUENAE
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A | . . v
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B100 1100
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biodiesel lulaniza
g a Y o o = o ek = wa g a
LRLNAILANUNITUN T IR Tl A UITAN LD LNAS
TnaAseiutndumraanlipsidey watUFuuiiuzdusn
B I o (% 5 = 4" a a 4‘
vaaluTanslsrnaudiusduiaatulaiuiiaindaiaan
avann wanlavatens 1y nsvintnTunaviaa ladn il
1uTAsasTad (m micro-emulsion) nglnlslad (» pyrolysis)
A 7 pyroly
nsiinlalngiau g hydrogenation) neudiaamesiiAdu
| Vv AR 4‘1’ a <4' <
(@ transesterification) 1fumu lfuaeimadduinseseun

a ol s 9: o
Alralatngy vieanauiulnTumLms (Q diesel fuel, petroleum

= < Lilngvia e
dieseh) antlnsidanludnsndiumnag N

biofuel HaINATINM
Lﬂmemmamimmnmma (m biomass) L‘JJ‘LLmeﬂ’]Lum LL‘].I\‘ILﬂu 4 Uszinn mu D Lﬂjamevam@'m”lu (forest blomoss) e -
iy Aaasfaedliidesaunas iideud fantu @ lignin) atlszanndanas 40 2) mjmwmw“l,mmnm?mwm 35
(agriculture biomass) émmuslmyLﬂwummamﬂﬂmﬂmimwm A unay Fatalne SiRunudAniusntssann
Sae/az 0-20 3) L‘T?ﬂl,waqﬁvlﬁ‘vﬁﬂ‘umLﬁﬂqmaﬁwﬂﬁiu (industrial wastes) 1AL mﬂuﬁaﬂmnqmmwﬂﬁummamﬁyf']ma
nnédzsmmntssnuyindudzsanszilas fanuiugenn uas 4 AamdiiFanuasdaanyuen domestic wastes
TAun vezuy .

walulaginsudsgtluteeanidu 2 dszian Ae nszuaunsilasuntedaail (biochemical conversion process)
1#un n1swdin (g fermentation) waznseiaaatauLlildaandiau anaerobic digestion) uazinalulatinsuaeuulas
nguniAll (thermal conversion technology) utvaanilu 4 nannis Asil 1 nislnislad (g pyrolysis)
2) NsUnTne (@ gasification) 3) NMsyilAdudamaana diquefaction) 4) NMslngd (g combustion) uAaz
ISl 1 o v QI A (%3 13 ol a o L8 s qul QI
nszuaunsianuuanAniulusunile uazingusrasd visandndunnaniseinis neztiunisasuulad
a IS LA ° a Vv I 4' a vy a (% fq‘ 1 1

nealilinizlunisdufiunusuusaioaniinszuaunailaeuulamigunal ualAudasunnluwiuay
X e s =~ o g v N a & %
TuagiuasAlsznaurasnug vinlinsruiunsldeuntamsgaumaithaulauinninslusulEunn guniw
AT ANMUVANNAEUDILAAN TN LA

WANUUAETRE bl
< < < =
asuaulaeanlan = =
Q

. %
msuaulneanlasn

A T S
ngdasuauIaluaamnaInIn

a1saunsu wavviunainu 189



- QmO ,ti’fvmwﬁd%mw
B

biogas ufaanw, Aganiw, lulauia

WFafifasilsznaumdndufinu cH, (8 methane) Lszinniasas 60 uazatsuaulnganla (CO,) () carbon dioxide)
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ansauvadluanalvg) i @ Fermentation
pslulawnsm Tushiu luiu (3) Acetogenesis

@ Methanogenesis

P Yy
ansaunsanazaielutinle
wiu nsnezdly thana nemlusmu

4
v

a o |
NTADUNTETLNEINTE

©)

NSALATAN 1alnsiau, ansuaulneanlas

® @

a < o
gy, Asuaulnaanlan

Tupaunsuanuiatininsieanisvinuuyldldianna

taninuiatinmuuulnumsi tandnutatinimuuutendn tandnutatinmiuudeniu vandnufiadinmuuunquie
(fixed dome) UL (plug flow) auymﬁ (CSTR) (cover lagoon)
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biogas engine IA3R9EURLRATINN

(AFaceuAT AU S aTanw (@ biogas) Fudiamds ndnnnsviaeulndiResiueseseufunlsay (gasoline engine)
annsnsauLlanreseudildunfumeenfilfutaion fudamads Tnserrseseudiimg (@ 4 cycle
diesel engine Uas 2 cycle diesel engine) mﬁ?ﬁ’]ﬁuama unldgauiuufadinniw (gos-diesel engine 58 dual fuel)
Mnsuauutatinniuannadiulen newdnvasening "Lﬁ?ﬂfﬂﬁuﬁma’iums«gmuﬁmﬂmﬂ%mm?aﬂa: 10-20 484
FrsinAaadnacning AalssuiniinimiliEosas 80-00 Tneluidosdnuilasrioseus viaatnisaseusunlay
sndaulaslaenasusnandiunisds (compression ratio, €) 1A 10-12 'ﬂ%‘uﬂa;\im%wamaaﬁﬁamaummﬁﬁu
whatnwiilulan m?lmauﬁLm“Lmﬁmﬂ‘lu (% interal combustion engine, IC engine sznaw) ﬁ‘lﬁ?uﬁa?nmmﬂu
T RNRIHINNE A RIAUNAMATLLTATINM (AFR) 9-11 : 1 ua=insndruniada (&) ﬁLmuﬁzam:agﬂuﬂhq 10-12
Lﬁﬂiﬁiﬁmﬂmlmﬁﬁﬂugmﬁ

HUILUNNSEaE « UEIZANATIFOU J

Tulauna

FLUUYINAIUATANA Ltﬁﬂ

T
ANUTaUNUan 1A

A9nEn

l LBUINE ‘

YDA asdinlgemu

\4

NITLIUNNTNARLTATIN AN LA UTEATIERU

biogas post freatment, biogas upgrading nsiintinufiatanin, mﬂﬁu@mmwuﬁa%mw
nsuenauay Talnsiaudalnd (@ hydrogen sulfide) LLa:LLﬁaﬂuL‘ﬁauﬁuq 28NANUAATINN () biogas) Al
wmAtiARe e 1y Nspadu (adsorption) NIRRT (absorption, scrubbing) WATNNAILULUY (condensation)
Waiumnuds iy @ methane) luufiatnn viliAnAudau (g heating value, calorific value)
paufainnmiiniy uazianuannsolunisfiansouanas wa”wuﬁ‘lmumiﬂ%’uﬂqq@mmwLLﬁ'a%mwm-iﬁﬂ'w
ﬁil’ﬁﬂ’hm'ﬁmm%au‘umLLﬁ'a"TnmwﬁLﬁu’%uLﬁammﬁuﬁﬂﬁ’mwﬁqmu
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B-C

bio-hydrogenated diesel (BHD) autatianwlalnsaiun diaam)

491 a a dl a 9: " = v o % Vv N Vv Qs a
wamasakrannananniunalagldnszuaunistninaslalagiau (hydrotreating process) panafunAlulag

ndlulsanduindiu luenalnsndiaelsn (g triglyceride, triacylglycero luthiuimindfisenfuuialalnsiau

Tmﬂs}’ioﬁ’aLéqﬂﬁﬁ?ﬁﬂa‘w:uuﬁuim%”uﬁqmmaﬂﬁ 350-400 A9ANTALTHE ANUAL 2-5 LNzindnia NaNAAnAN

An lalasandueumaitsgnoiona: 83-86 aulRindiAsidumiimasniingidoy wARITNUANIT AU

lufanswedualsuusnduaziuziu ilasangnindnunzgnintdnmelalasiauud Mduramadunsaseunsioa

b = a v va B dl 4‘ | 4;/ a 4' a o N N a v
\lmiﬂﬂﬁ]iﬂﬁ?ﬂﬂ?Uﬂﬁ;ﬂIﬂ?\mﬁﬂﬂﬁﬂJ‘?ﬂLﬁmﬂ'ﬂL‘I/ﬁﬂ‘?.iﬂllL'W’r]LﬂULﬂI‘ﬂLWGJLﬂi‘@QUUﬂI’JﬂWW (bio-jet fuel) nananwans ln

nnszuunng laun lalasaifueuiun 1wy nsmunazuunm Seaas 2-5 Uuazaduaulaeenlan g carbon

dioxide) $as1az 12-16 ﬁLaﬁmmwmm:Lﬁu%’ﬂmqqﬂ'ﬁ’]ﬁ’]ﬁuﬁmaﬁiﬁmmuﬁaLaama%‘ummmhﬁu () FAME)

W
nsthtinaae lalasiau

N S
UNHUALTANAULILDUR

NNTNAN

Twaimu/uunni/dndupsasiiu

lelnsiaunasiisaljieen th/enfuaulneentad

N -
ngzuruNgNanALIaTInInlalngaium

. . . . ‘0’ Qs = s
bio-oil, pyrolysis oil trdutanaw, nisladaaans
a o < Ay v e S
nanSumvanlannsinislad g pyrolysis) 114
X o @ S e ke v oo
(@ biomass) Hanwuzifurewnad@n innadumviae
Y v X e A . - - Y
Aumaunady Austiuaiinesingauuazisnisi
Anusau danumiing luazanenh Tanwidlunss uaz
luaties hdudanmiinannisvgaainianediues
(depolymerization) LLﬁ:minmLﬂuﬂ"Ju (fragmentation)
wnaTaglad (9 celluose) iailimaglaa (7 hemicellulose)
uazanilu (@ lignin) Ysznauseti (g water) asdiviasay
15-30 ALY M99NANLAUUR9TILIE N1FUTALN
X 1 < | o @
(dehydration) 9zvaan9 nlslad uazserenisaniu
Y lAnTUAN NI ANANLSAUFA  LAZAINIAALNGS
waaa () fossi fue) Desiay 50 Teandauiiunalsynay
v = Ao a
708187 35-40 Luansilsznaumieandiau () oxygenated
compounds) 1NN 300 1dla lALN N9A Lwaanadnd
=) g & ) aa %
WOAR LEA ALET AL Wuaa WasHhia (8) furfural) Uz
- ¥ o - a2
Wausu (g furan) Audvatinuesiig uaznzildly
nglnlslad danuntialutienidng Wy annlditeund
TANAMUNTIA 70-350 Haatan1a Ui anunauLAn
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ANUNLA 5-10 Taathaniaiun daanuiflungs-tua
FTNINN 2-3 HARNLAIALTENBLURINTAANSLIANTAN
U NTALATAN NTANASIN ANANTAULATOIEIUA LAY
1 | o YV @ 4‘7‘1 a o s v 9;
szuunauas ih i lanTluaamamaunudnsuvie kot
. v cay v
(boiler) WATIALNN (furnace) tARNIZI0aUAN ALY
mr:munwﬂ?”uﬂa;mmmwué’q

Pyrolysis Qil
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dniiun i laentnlslagaualiidauds



butanol, biobutanol Tan1uaa, TINILAATININ

weanegeaniilassailuanalsznausiiemiusy 4 azmen gesluiana CHO TllAFUauNINNINBNIUES

(8 ethanol, ethyl dlcohol) 2 azmax HaRlHaNNsENATIZA waznsvnuuLllieendiaulaglfuuafiSenaearsiney -
(clostridium) slasianslulansalanadlou TnIUea WAZIENIUAR [BENNTLAUNITIINNGZLAUNSUINILLLE TR

n a v a cla > a aaa v 4J [~ Vv o >
(acetone-butanol-ethanol (ABE) fermentation) UAUNUAN HANAAAT LLa:ammmimmﬂgmmﬂm gailuaaannm

a a va Vo 4’ J ° Y a ] a %
TNl mislfummuaa%mwimummau%mﬂ‘uul,ﬁammmmL%memuﬁﬁmmuaamauagiaﬂaz 85

Tuthifuuduunld Teelufelfuuparsadeus azanunsnuuasn1ayia leuAefUiNTUUUTY  AMAINNSAL

mmmamuaa LLﬂ“VLJJm@JLﬂUﬂ’]EIELL‘]ﬂ']’]llmuﬁxi nan lAanITILIanateailn L‘]]Ll Iunee Waln (sugar beet) Uaz

mammuauq mmaa‘lﬁaa @ cellulose) \fuasAlsznay

iutlinsdeu

LANIUa fanuaa

1alnsAnduaunlaznauund

ansluiana a |
4 i AsLaUlUIN Cy - Cpy

AIARA (BIALTALTEA) 32-210

AMUULNLUUNENL

- 32.5
(NNZ3a/8m9)
fns1dILaINIA/TRINAY 14.6
1
ANBANINL 91-99
autnvasdiniuea

carbon residue NINANSLAU, NINAU

saeudeiiimfuauniflsznay (carbonaceous matten)
finsaTaliluhfufvdennmendutetas 10 Tnenimrn con 10%
distillation residue, wt.%) MNLAENARRL ASTM D4530 78 EN 14214
wanuwunltuNNTRAINNTAZANIBIANTLAY (carbon deposits)
ﬁﬂmﬂﬁ'ﬁmﬁa@ﬂgu Asu s Ivg Vil Asaceus
wningdluauysal wazirdsanas Heaailagudnetinulasnsa
mmgwuﬁﬁﬁuhiaama () biodieseh) m1ulszniAnsugsia
WL WA, 2552 famualildifufenss 0.30 Taetinwin
mnanduaulululefimantsmulfununaimalsn nenladuaass
(@ free fatty acid) a1 wazdideliiReiidadu Tulefioaii
Usznausieufianamasunsnsaluuatinludusmvane s
(polyunsaturated fatty acid methyl esters) rallansiAuuAiin
wadlues TSInuNINAITUaLAS

CH3CH,OH CH3(CHp)3OH
78 118
21.2 29.2
3.0 12
129 9

4 A o -
wIasdaTadsununnANTuan
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- Q0 ,ti’fvmwﬁﬁf'vn';w

catalytic deoxygenation n1sudnaandiaunaesialsaLlfnsen

ﬂgnimm?ﬂmmaaﬂ‘mﬁ)uslumuummw (g bio-oil. pyrolysis oi) nfilFunuansdsznaueandiaugs tneldmis

Uffsenueudsutiangn solid acid catalysts) fiamusuussennieA m‘l,mmmﬂgmmm?mmm (dehydration)

maan*ﬁwuaaﬂugﬂmmm @ waten uazUfjfisenamivendiadu (decarboxylation) Aveandiausanlugilues
I8 12 . . QY ad v AJ v v = ﬂl a v

rfuaulneanlan @ carbon dioxide) HiannAa lusadldlalasiaumilifuuge wnddedeitiasainnisiinlanuu

misalisavinlvissalgisendananm wazifiauandntszinnlalnsasuaunauauinn

cellulosic ethanol Lamuaamnmaqiaa

lanuea (g ethanol) ‘17{Namié’w’mnLfﬂaqiaasluﬂ“mmaﬂi:mm%niumagiaa (9 lignocellulosic biomass)
firhunsfanimidassi retreatment) udatlasieitagiea (@ celulose) Whihmanginanauningasias
vanglszinalianudrAgyiunisideuasimuiieniueasnnizaglaa Fanunnausuanmiosduuazioulesd
lunisdeeitaglaa T?qmuwﬁml,mn'maaﬂ’mLsﬁaqiaaﬁiwnjﬁqmiﬂaﬂ o Bulumeu dnbicon Biomass Refinery)
%@aﬁﬂizmmmum%ﬂ NAmENUeaINYNdnand MdinnsnEn 5.4 dudnsrell Busilunisnandied
WA 2552 lanamdwaisan Ae antude dignin pellets) Tnfudemawnds uazndmindeminiamulng
(pentose syrup) H1Tuemedng ‘1/1?‘@8’1‘3&%@ﬁl‘LﬁLUﬂ‘iZU’Juﬂ’]i‘Wﬁﬂa‘u‘] 371U 13,000 WAz 11,000 AuUAaL] AUaTAL

Tuagnanaun
uazdfuanin
\HaaAu
Welvimunzau
ffunnstiaeie

o
wulad

p 1eMUea 95.6% LWanuiy
wnuaalsiAantiuey
dndmieluglunlaaeavsa £100

Taagniiuiien
uazaudalyialsenu

nanTagladnianiues [~ heelwanaidien q i
wuladosiraglaa qauradtasnihmaluianaiien
‘lmﬂumma‘[manamm Wilwenuea
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cetane number TNy, AN

darivusvilsahiufisantienaunnnisynan iy
(ignition quality) 13aN191UNAATN (ignition delay)
4‘ a 'i: % Vv | v Vv o £ [

dadmirfudngviesenninauduainiAsnludamez
2ALATBNATANEURRLTA () 4 cycle diesel engine waz
2 cycle diesel engine) wamn lWlaing ﬂ‘iuﬂ’]ﬂﬂ?uﬁ‘a‘ﬂ@
WA (o musdhEuzLA ﬂmmwmmumuwﬂa
‘V\f.ﬁ. 2556 mwum‘lwmuumlfﬂamum (9 high-speed diesel)
NanunieluvinerainfasilAdinu (cetane number)
ladpinnn 50 anuzmsguiiululefiea (g biodiesed
ANULTTNANTUTTANANU W.A. 2552 FIUARNTINL

cloud point 9aau
9 9

aomQi  nihiuEuueenedinau iWevinlmguamL

FanAaal ASTM D2500 Liadannismne@naadla (wax)

o a | 1 = 1 o 9: %2 49/ a dld
findAngenivsamnugainamn dnduremgind
avAdsznavlalnsansuauausiluanalny Jenduas
LﬁmmmnNﬁﬂiﬁ\hﬂLﬁﬂiﬁ?Qﬁuﬁﬂﬁngmmﬁﬁﬁ vinln
qmﬁuwﬁammﬂqﬂuaﬁwﬂm% LAz TAUINNITRANY
Untfuifludesdnviasnsasaus dszinalnaliiinig
AmuaAeyudmiuiiuAies wazthdululesios
4‘ :; 1 v a vaa
Wasandvagluanseu luglsliayliignaasy
EN 23015

1Usna 51 muAsnedaL ASTM D613 UN3Tuniian
TInuAaAUTan ULl LATEIEUAAAISNARIE
Wy wasladeldifiantuang

LL a o
wasluilines

YR
anliien
L a o
weslulines
LAZNARANARDY

B9VINANLLE L

4 A o 1~
LATRNURAIAANTLNL

combustion chamber a3l

RnuidamasRansn ntinelueseseus Thitaened
UDINTZUANGY (cylinden) Usznaumietgy (cyllnder heod)
mmmmwumummm 1aun Wam (injector) Yt
Foimdafiuazansunnnidn aulen dntake valve) it
LastlnnnsnaratennAuazitamasindaaning wasaulods
(exhaust valve) vimiiniiilauazilannsinaunslaidaqainnng
nlnsidamananaintiauning dmiiasaseusunlady
(A gasoline engme spark- igniTion engine) R EI
(spark plug) \WaqATY (DA uLALLTaINEI-a1N1A A1y
\AsnseudALTa ludasen Aenlsy nnanan sy wadiunasez
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C-D

compressed biogas, compressed biomethane
gos (CBG) ufiainwan (@ia)

uATINM (g) biogos) Trumsusneotiu enfuenlsesnlod
(9 carbon dioxide) lalnsiaudalvla (7 hydrogen sulfide)
wazufiaudeudug eanuds eeflszneuvande Sy
() methane) Innnsataz 97 lnaisunns wazfufinnels
AMUALFINTT 200 LFTENTA anunsnthundfusoeusiild
UAA89ININAEMELENUEUA ViFOIAUAY (natural gas for
vehicle (NGV)) LaZUNA99LNADA MIDTAUA (compressed
natfural gas (CNG)) 15

compressive ignition ﬂ"li"?‘ﬂi‘zLﬁﬂﬁ'JEIﬂ'li‘ﬁﬂ

91599 CBG UAZITLLUAATINIM

nsgnindlaiesresdiunausznineniangndnausaunuletiuludmizqessida Hundnnisqnszidna

4‘ L4 v . . . . a 4‘ 4 v
YaaLATANEUALN ttinnelu (9 internal combustion engine, IC engine) ﬂjummmﬂummma mmﬂiumammlmu
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copper strip corrosion NM9AANTALLNUNAILAT

[ I 4‘ ﬂ’d] a qlq:j 491 a 1 o a = = -
naniangaulans lulATaEILATUNAAINATN LT I UTBINGS U nTnlasiupasy (Q free fatty acid) NTaLANIURA -

a Vv a ° Y| A’ s | | |
(Q ethanol, ethyl alcohol) :uNa‘l,mamummmﬂﬂﬂwm‘lﬁamgwu NN9INAALNNINANTAULNUNAILAUTIUNIIASIA

kA o { o aQ Vv ° ¥ aQ & ¢+
anulnelfutiunasunsdinauinunnsgusviauazaniamslaloaanu Gsooctane) uaniliualuaamwasn =

AasnneaeLluszaziiatiimun szynanisnaaaLiunineard LTy (class Ineaunisilaauulasasa

UEUMBUAY TULNUTBLALIRT§Y

a3,

ANuLley ﬂ’]ﬂﬂ‘illﬁi‘ﬂ@Wﬁﬂ\i’Tu mmﬂmm?muiuiamvﬁa W.A. 2552 ﬂﬁﬁumi‘]ﬂﬂ’]‘iﬂﬁﬂﬁ"BULLNUV]@QLLQ\T@ﬂ.IUi ALl

“lummwmu 1

Designation Description
la Light orange, almost the same
] SlighT as a freshly polished strip
Tarnish 1b Dark Orange
2a Claret Red

2 Moderate
Tarnish

Lavender

Multi-colored with lavender blue
and/or silver overlaid on claret red
Silvery

Brassy or gold

3 Dark Tarnish

Magenta overcast on brassy strip
Multicolored with red and green
showing (peacock), but no gray

4 Corrosion

oy [av oy [ ge [oe [z [pzloz [zl oz [ql | oL

Transparent black, dark gray or brown
with peacock green barely showing
Graphite or lusterless black

Glassy or jet black

FeeN9@18INNIN ANTDULHUNDILAY

denatured ethanol lanuaauilasann

d

13N
mow| Ja | 1b |20 | 2b | 2c | 2d | 2e | 30| 3b | 4a | 4b | de |

ASTM COPPER STRIP CORROSION STANDARDS

ASTM METHCD D 130/1F 154

A0 ENCESSIVE E

il

T L]

L I“ﬂ[ KLIEHT PARNIIH I

MOBERATE TAERISH

[Conen s T5RI0NION

IVNUAATINANANILALIAUATIE 12U LiJ‘V]’TLLaa (9 methanol, methyl alcohol) UNITuNA (kerosene) WazUNITUILIUTY

(gcsollne) Tlumu mawaumimuwmammm iy Atnidauulaen denatonium benzoate) lusu Lwau’lvlﬂsl‘]j

LﬂUL‘]I‘ﬂLWG\W]QLLV]ULLa AviNazans \'Lllﬂ’lllﬁiﬂ‘]_liiﬂﬂim "W]ﬂ? mmwamwamuunLamuaauﬂmamwmmu

NamLLﬂI‘ﬂﬁ@aﬂ@ﬂ")’mLﬂ?@\?ﬁll‘l’]llLL@ﬁﬂﬂﬁ’aﬁLWﬂﬁlﬂL’Juﬂ’ﬁ%iﬁ‘Wﬁ’mm LLﬁwLW‘ﬂﬂ@\mUﬂ’]ﬁ‘u’] L‘ﬂVl’]u@ﬁVlJJﬂ?ﬂJJL‘]JlJ‘lJUQ\ﬂﬂ

tanuthufluiasasnu

AULTTNIANTUFINANANU WA, 2563 rinualilisunaenusaudasan wluunizaea (g gosohoh 810 aglu

95asiaz 9-10 IaenlSunms

dew point, dew point temperature aatA

gaumgiinAnuau visalatihluananuuiuiunanin o amnuduasi duiusiunianuauluainiAuazanusiu

MihudarimungunimasuiaTnnn @ biogas) iU mMuLIATIL SS 155438 UadLlszinAatiau fmunliantiifin

we9ufiaTIn wdn () compressed biogas (CBG)) AatilArNINgunglsanaduseinau 5 avAiaaides us
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D

. . Y o
diesel fuel, petroleum diesel ULUALTA
4\1/ a 9‘: o A a dld 3 Qs | s | a % a o
[WatwadatanunTulllasidsuniasmlsznauvdniflulalasasuauldnsavasrtinuauny Iagisnuiuaznay
289ATFLBUAE IUTNAWA 14 T3 20 9zmMDU JALRDATUAIN 250-370 aeAnTaldea wARINlssnAullns@eun
NFELIUNMINAUTAMUALLSTENNA waznsdiudgepmunmieantFunuiuziusunsd Mluesseseunnaautaiy
2 1ila laun thiunimadmiuinsessunmirasaunyuEan A lugueud @ high-speed diesel oil, automotive diesel
. Vv . . . . . . NI Y =y a 4‘ y
oil) uarsaUnyuA (7 low-speed diesel oil, industrial diesel oil) miﬂﬂuqmmmm‘m LTRAUALNT wazimgaaiiuln

Amine Treating

Refinery Fuel
Other Gases

Claus Sulfur
Plant ‘—*Sulfur

Gas | Gas Processing | Merox Treaters EP? H,S from
utanes - sour Water Stripper
Gas Hy Gas Hy
Light et |
g Hydrotreater Isomelnzohon somerate
Naphtha Plant
Gas Ho Gas H,
c Heavy Hydrotreater Catalytic | _Reformate
= Naphtha Reformer
o
£ Jet Fuel Gas H, 5
il = Kerosene K ==
il D erosene =
< 9] Hydrocracked Gasoiine k=
= Gas H, 3 S
o O C
£ 5 9
< Diesel Oil [}
—° —»| Hydfofreater Diesel Ol g [—*Diesel Oil o
= Gas 3
. 2
A’rmosphlenc i_Butane Ao 8
Gas Oi Alkylation ylare
\ / Heavy Vacuum Butenes
- Pentenes
Gas Oil Gas Gos H,
Evacuated 4
%) non-condensibles Gos Ha Naphtha FCC Gasoline
2 4 { 05 [——>| Hydrotreater
g =
5 g Fcc Feed © (\.ﬁ/
3|5 Hydrotreater 05
El® ©3| rcccas oil ‘
< So Fuel Oil LI
c | Gos Ol TO
€O Gas
S =
32 Heavy *
kS jg Vaeuum N Coker Naphtha
Gas Ol & |(affer hydrotreating and reforming)
o
5 H,S fo Sulfur Plant
& Coker Gas Oil
Vacuum Residuum 2 Sour -
o]
Waters E %
— Petroleum Coke gg
Asphalt
Alr—| B|o%,ing > Asphalt z g
Steam —»| & g9
v
s o e v oY o Stripped
o HARAUNGAMELAAIIE ANNY CO, Water
« e sour waters) WRINAINALNAUABUNAL } H,
efiwo lunanduaiinsng g yadlsnau Natural gas Hydrogen 1

uflariindu « (other gases) Mdmaenintiaufia
(gas processing unit) Aa wanNuuianninau
NnNLIEF

Steam ——|  Synthesis

nerurunenaulllnaideuy
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diesohol Alaaas

UnfuinnasannnisnautnTusmaiuLaanagadlaatinslasng vinailadiu (emulsifien adlilivatelidiunay
v [ val | QJ 1 o a NI QI 5 s yva °
dWhiulas lunildlulasenisdiunszaspaiuansaniizuaulull wa. 2541 Indnisdieniuea (9 ethanol,
QIQI a Q(‘!l o ’: o A £ o A o o o | 4‘ AR
ethylalcohol) NANULEgNETDEAS 95 HauiLuATauazfnszinadaduludnsdnlnatfums 14851 ivelfiih
dandduaseseunnsaradniiin 2 Sz Mideglulasinisdiunszasd amdnsani wu sounsninadaadiasinis
Tasausnanaiusluladelslszunaudesay 50 UusNANAUadLATAdELAAAALANTIAE ﬁwﬁuﬁqiﬂﬁﬂmméwmﬂ
\iasnsnszvinddatulsnangs

{4 -
B"}H‘l‘!!&‘oﬁl‘ﬂ“ﬂ‘!ﬂl“ﬂ‘ﬂ
S 1 1 o]

ATt TudamaclulasenisdiungzasAaIuansann

diglycerides, diacylglycerols lanawtalsn, laladanairasas
luaiinnile Tuanadsznaumensaludu 2 Tuanasefundizesea (g glyceroh meiusziaamas (-COO-)

ABenandeldin ndiresealaeames (glycerol diesters) uthufuasdlassadretufusuniaiussioanes
loun 12-landwalan (1.2-diglyceride) uaz 1.3-landwmalsn (1.3-diglyceride) Hautimilusnnszvinadadu
(emulsifien fenldiAuuscluems 1y thadn wndnidu (margarine) uazledniy tiatiuainudiiuses
dnunaufiSurhuaziniiu viteluiu uasfumnuviinuesdnes Lﬂumamﬁmfﬁwﬁwmﬂﬁﬁ?ﬂmmuémama?ﬂwﬁ’u
(6 fransesterification) LLUUiﬂﬁMUﬂ?ﬂjﬂJﬂﬂmiﬂgL‘ﬂ’ﬂi‘iﬁ (9 triglyceride, triacylglycerol) AULUNIUDA (7 methanol,
methyl alcohol) lunsuaniuleniaa (g biodiese wanululFunutiaanitueuandiaalsa () monoglycerides,
monoacylglycerols) a'qma@ﬂffiaamﬁﬁmﬂmaﬁqmmqﬁﬁ%ﬁ (cold flow properties) Lﬂummrfmﬁwmmaqmﬁuﬁﬁﬁm
ﬂi:‘uaﬂ@uuazma’amﬂum’%‘lamuﬁ muﬂa:mﬂmuﬁqiﬁ@wé’mudﬁﬁmmmgwuﬁﬁuiu‘iaﬁvﬁa W.A. 2552 fIvun
Binalandielsdisildifuseaas 0.2 Tnetmin audanaaey EN 14108

0 CH0-CO-R
CH-O-CO-R HO-C-H

C|ZH2—O—CO—R’ CliH—O—CO—R’
1,2-diglyceride 1,3-diglyceride
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- OmlQ ,n?'mwﬁﬁf’amw
D-E

. a o
dimethyl ether (DME) lawiiadines
arsusznaveandiauiundszinnames gestuiana C,HO Huufiangungiiviesuazanusuusseannia 1Uua
= s [~ 4” a Vv o Y A a = N ) < ° 4 { v
faviRanuihuremdindeiuuiallnsidanmas (PS) Taninen -25 avmiraldaa auiivetlugluauvadlinas
HANINUAABITUTR UL YiFaTINIA () biomass) MIENTTLIUNISHAR 2 38 AD NIsHARNNEauULNULTEEN
sznaufiamiuautauantaanulalasiauluuiadunsziialiliiumuea ( methanol, methyl alcoholy 9101y
wmueasziinUisenamuuuulalawiagmeiuazin @ waten Fatiiunsruunisifieuld dawunszumunisuan
mamsaflunszusunsudnlamiiadmesannuiadanszilaenss Tdanninisnanneden Ae meandunauly

o < . o § v v a & N [

NITLAIUNITAUATIZILUNIUGA (§) methanol synthesis) vinliiannunuNsu@n nezuunsiifumalulagiivinm

Uszmeguanlnuiiadmesselvy Ae au gou invdls lnwisdmesldduremdmaunuuianeiuluaiizeu
Mluasasauimaalunauas wazansnlfluaseseudunlaaulidon lnafesmaulawiaamediutfiumanyu

525asaz 25 Tnsinntin wazAaalSuLmAaATadEuRALANTIaE

Iuiiasimedaunsolifudamaiueseeusiaanuunann=13lneanas maﬁﬂu?‘ﬁwiuﬂi:mmjﬂuuazﬂi:mﬂa%mu
15%m%uLLa:W’mmLﬂ?ﬁlaqaurﬁﬁméma"m?mmmmﬁmmmimy' Mﬂammﬁlﬂi:mﬂﬁﬁmummmgwu@mmwmalﬂuﬁ?aL‘w%q
vaalpluiiadines 2 uvs laun International Energy Agency (IEA) a2 Japan Industrial Standard (JIS) POI
ddiiinanamanufeuseslauiiadines Ae mmu?qm%:uaﬂml,uﬁaamaé Bnauumiues uaziBunn

v i~ a o s @ B o a o e o a a <
Tmﬂaiwmqmmmlmmeaamai mmim‘uumaaumﬂimwaamm g laiaamas
v . N @ o =T a
m@ﬂwummmgmqmmwmmmauamwﬂmﬂummwm
Diesel fuel ﬂ Oxygenates ethers — - ! .
auiln ange | A" Js?
Ca DMET | = =~ Y C O
ﬂ i-C4OH \ e UFINuAENE OME purity), Farazlagtiiviin Gwt Tsinan| 9.6 99.0
=r\ Aromatics - —— —
S -Cs { W5unIMueA (methanol content), fatazlngtwiin %wh | ligani| 005 10
750, €0, // —— sunnui (water content), Saeazlnsuiviin Cbwh ladgeandn| o0 1.0
= MeoH €% \\-J geselie JFunauuiiaiafiaianiuea (methyl ethyl ethanol content), Yaant| o2 R
* Ehanol  pethyl 1 Acefic acid faeazlneiniin Gwh )
acetate o <
Higher alcohols L@mmmaj}aaaawmunmwmmuaa (higher fatty alcohol), Ydasnin| o.05 _
Saeazlnenitdn cowh K

BniEmesIMTNNINALELE (higher fatty sthen, [
7 9 tty lalgann| 005 -

L‘ﬂ’aﬁL%}aLwa N Saeaslneninnin %wh
S 1Z1nuAlau (ketone Content), Sagazlnatihniin Gwh lsigendn| 005 -
W 31nnuansIALLAN (ubricant, viscosity), $asazlngimiin cewd | lugandn| 0.02 -
DME-FCV WEnunsavaiiin (ormic acid content), Sasazlnenimiin ewty luiganin| 0.02 -
.) ’a’]i‘Lﬂfl %ﬁmmﬁﬂzﬂﬁyaﬂm@aﬂhﬁ (carbondioxide content): hiqqnd'] _ o1
Faeazlnenintin Gwt)
1999UaRANTT L £ . “ansualsTen Bz sulphur content), Seeazlaatiiniin Cewt U | - [eeaeliny
)
o I\Id 1F10iAmNANY (remaining residuals), Taansu/flandu (mg/kg) | luawnan| - E
ATIGaL NS @amﬁéqﬁ - g - 99 e
Anusule (vapor pressure) U PN 140°C, wnzilanna (MPa) hmdﬂ’n - 1.05

1) International Energy Agency
2) Japan Industrial Standard

Le a a o6 a A IS v o v | v o
tszlaaianlawnadneslunisnanilingail 3) ’LwLﬂulﬂmmamnaw:mwﬂaLLa:cdﬂm

- o e . o o . .
NatnNNguan lalunaamasanNuNaduAszn uasns Ly
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distillation profile TwslWdnnsnau

ALPDATDILABLINAUAAILADZUILA U amwmﬂﬁﬁhm fu NlAanNNITNduULNTUAL  UFUNmAsuadanINaINg = Lie

3

Dewo

muaqﬁuaﬁmmmnmmgu unsguLnlaaea (g gosohol) UszniAlaensugsianasau w.a. 2553 fvunliunlagea
TianBzNNeNAY el nnersveludnantesaz10 Tnensunms lugenan 70 asAngaldaanissziveludnsfosas 50
Tnaffums atsznine 70-110 esaaidea nissuveludnanfenar 90 laefSuims agszning 170-200
ATATEA YAABAAATINE (end point) 1igandn 200 asAnTALTHA LazANNI residus) ligeninsanas

2.0 Ipenlsunms

=
E100 2100
dusullsznalng nisuavaniuaalutnTulaaings azldianiuaatlsnAannin (9 ethanol 99.5%)
dovea X a o oo 4 o D o o . e
aqlnuaanddnenssivipsassuanoaniuuanisillasauiuifuuuguiugululzuiumna e 1 sesas 10

Tnetffums Fendn dnduunlasea 810 g E10) WWusu uilusnetlszin @i ws@a E100 813¥IENAINENLDS
AlfFuUNANRLINN () ethanol 95.6%)

E10 810

unlaea (9 gasohoh SaflloymuaatlsAanntin (@ ethanol 99.5%) 3aeiaz 10 wauﬁ’uﬁwﬁumu%uﬁugm%aaaz %0
Tradsunms LﬂuLLanﬂaaaﬁ@hwﬂﬂmmﬁqm‘luﬂi:mﬁim wiveaniuunlzaeaniaanini (@ octane numben) 91
wazunlrgaamanninu 95 1mum7§‘l’a\‘1tluﬁuﬂi‘ﬂau (7 gosoline engine, spark-ignition engine) ﬁiiﬂimﬂiﬂﬁ’aﬂ
USusapseseus LLm'hjmJJﬁam‘lﬁﬂum?'aaﬂuﬁuﬂ‘lﬁmaum%m@LiLma'ﬁ? (carbureton) 1#

E20 820

unlggaa (g gasohol Tedlianuaatlsiaannii (g ethanol 99.5%) erar 20 waufuthfuuuduiugudesas 80
Tnenffunms 1lupsasausunloau (7 gosoline engine, spark-ignition engine) LQWﬁ:éu%qaqmmmwaau‘lﬁ
lugliansldfsanumiauiusneud inseseuavidunlaaed 820 (g £20) 17 anunsaldunlzaea 810 () E10) 161 Lauriu

E85 885

unlzaeazedioynuaalsiAanti () ethanol 99.5% Soeaz 85 naufiuthfuuuguiugiuiesas 15 lnefsunms 14l
QI v dy a a | Y 4‘ L =
wvuziliaeimamainaila (g flexible-fuel vehicle, flex-fuel vehicle (FFV) luanunsaldluiasaseusuniaau

(A gasoline engine, spark-ignition engine) ﬁLﬁvLﬂVL@WI

AU E R A e WL N Haa 91 inlenas 05
E20 .az E85 (Fravanar el
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-

() 4’1 aQa o
’ LUBDINANUININ

E-F

ED95 1niudngs

d‘y a dlq 3 a a Q(W
weimamdasAdsznaumdniduieniuea (g ethanol, ethyl alcohoh) (AMuLEANESetaz 95.6 lngsuins)
ludpdiudszunnidesaz 95 uaransiAuuAs (additive) Uszunmuiesar 5 Nuisanguugiignantliiasues
ORI IGNAGE LLanTﬁ"LﬁmiLm“LMﬁamuumi Y NALTRTRARNANTIAn N3Aaaan LTIUAL NIURAILINAINIUNALNL
LLa:aﬁﬂﬁwé’mu (W) Neensranasnu Jlasennsanaannslisnlagansrunalugitiienusaiiuiinmas szasn 1
Tnempassfiusnaunlngansduusnludszmalnandinsawazidwinaieerqiitien Infuniseenuuulviaiunsn
Untlaeriaslagansmiuuinsgruadnulasnsisaina nuniusanisiansaulas Juimtdnuvinlidssndn
q: o 49/ a [~y v a = ql v ‘?: v A =

tnsaaad HusolngansAuusn wazAuineantatinguan 95 Tullszna wazluandeu

ERIEEERE

dow? o ax - .
snlngansnldinniuen 95 lulaseanisananaaensunaun

wﬁqmuwmLmul,l,ﬁ:w%’m?twﬁqmu (WW.)

ethanol 95.6%, hydrated ethanol, hydrous
ethanol lamuaalduduieaas 95.6

LamuaammLﬁm%ugqqmﬁiﬁmnm:mumumn
(separation process) ‘u’a\mam:mﬂm@muaaﬁuﬁﬁ ﬁ
Taennsniinveddisenlansdusaseiiau Taqriu
1dn1sndu (distillation) T981FEANLUANANUDY
Anudindweniusaluinniale (vapor phase) was
saaman wAfimudniutenay 95.6 Taeniunms uas
gumgil 78.1 vALTALTEa ansazansenusaluti
Lﬂu‘ummaum«gmﬁam (azeotropic mixture) NNEDN
AUl uduansentuealuigniale wazassvan
daniu m@ﬁﬂﬁu‘%e};wémmdﬁaﬂa: 95.6 2Rl
MATANITUENTNADNAINLENIUDA (9 ethanol
dehydration) anwsaldifudemadldlupseendi
aSsiuannz uaiiumnlunnsAnAsaanusifiu cold
start) 1lasanniianusulasninunlsaea () gasohol)
LAZLOMNLAALNIALTDINE Y (@ ethanol 99.5%, fuel

ethanol, dehydrated ethanol)
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i
ynudanlnd

EDOS

P

Modified diesel R
b buses

fuels P .
ineest | NsdaFuilaqiy

(E10 uav E20)

Y o aa
Unuuan 95

UNUEARINASLNUaA AR 9
dwiunsldlusoaud

ethanol 99.5%, fuel ethanol, dehydrated
ethanol, anhydrous ethanol tantuaaidiudu
Y8Rz 99.5, LONIUAANIALTAINAY, LONIUA
Uzt

Lamuﬂau?qm%{ ftuideusnnindesas 0.5 a1unen
U hudemadldlnensaupsaseusnldiudoma s
ANBBNINLENNTT 100 Vdanuaienatiniomas Ao
8100 (9 E100) veunlunausuiuuduielniu
wnigsna ® gasohol)

ethanol dehydration n1sueniinaananeaniuea

waailduenirsenanemusariuiiutesas 956
ﬂ’]‘iﬂéLULL‘]_I‘LIﬂ\‘i‘?‘mLaﬂm (7 azeotropic distillation)
nsgaduluragadu (adsorption towen nsgATLLLIL
AAUAMUAL (pressure swing adsorption) NNFUENAIE
ANUELEAEN (cryogenic separation) NNSLENEIE)
Lgial,aaﬂulﬁu () membrane separation) Humu
Tulssinlnensuanenmuealsiminii @ ethanol
99.5%) lusziamavinssudnilvaflinspaduluvenady



ethanol, ethyl alcohol lannuaa, lafauaanaans

LAANAARATILTZNALMEANSLAU 2 DXAal ansluiana
C,HOH 1fid il azarenilen uaziinduianizen
YV >3 o | :: % s s
e uaa lmflusvinazanauaziTiuansAaAuNIsELATIZI
ansialiununeluvansgmavngsy

NFLAAENIURAANUNTNYINLA 2 35 AD NTZLAUNITULIN
(9 ethanol fermentation) %uﬂ%wﬁwma‘imaqaﬁm
\Hueniuea neldqaurisduaznsruaunislanstues
aa . %3 | aaa
\@viau (hydration of ethylene) LusLsaLNTeNLszIm
nan Ngungluaranuauas atelsiniueniues
nuanlanilansesasy 98 1aa1nnszuiIuniIsudn
LL 1: v = g s (dJ
aflulansedszinnuiluazimnaniagiananeiugs
detianztmanglna wWinlna uazglasa umilinsnn
nslfuilaanimaiduingavdiansznuiuvids
91U (supply chain) Ua3gaamngsuamng viliiin
ﬂﬁ@LLﬂJqs‘]’J’ué’ﬁummﬁmqauﬁ’uqmmwmmwé’mu

A me e A X dawe o d
flaqiutinuldauasimunifintuie [ ingruaunauny
uazlivanulszansnnnisviinasnamatiad [ nig
waglaailuarsasiulunisndnienusaanizaglea

. Y o a N(N‘ QI
@ celllosic ethanoh nsldqauriddnanunsnilasu
tmamulnailsanadisaglaa g hemicellulose)
\thuamuaa mawananeiugganinunaanududu
\enueaLazANLTaUgINIAERugAuAL (Tudu

ethyl tertiary butyl ether (ETBE) la¥iawmnaliies
a a 4a T aaaa
Uaaawmas @NLn)
an9LNLANBENINU () octane numben TutiuiLudy
Fupsnznliannianiuaa (9 ethanol, ethyl alcohol) W&z

“Laifﬁmwau (isobutylene) ‘Lmﬂmmmﬂgmmﬂmmnm e

NAAIN muuammﬂmmuaa LLSVWWSLMHWZJULUU‘IT‘LL?”WIE
SRR

. . P < 1.9
external combustion engine LATadEUALNA VY
ANEUAN
sadeuANEN s iammasnalianLEauLuad e ldeu
(working fluid) Teegluszunlln nannsvEnefues

4‘ Yo Vv Qy YV G a Y o [ 92
analraielasuanusaull TdulurAnluniglnnias
Twesassuals Inavdsainauasinaldauuenssuas
‘lﬁﬁﬁﬁqLL'EW:Qﬂﬁﬂﬁ@uua:ﬁﬁnﬁumsmmi faging
LAgaatLALEN IsinNBuen WY LAFASEIUA e (steam
engine) waziATaNEUAaINIATaY (hot air engine)

snlnduinaaumeATaseunlati

fatty acid ethyl ester (FAEE) lafianamasauninsa lugdu

anspuvsdlszinnieameinlsznaumieviieamas 1 vy (monoesten duaszlfandgisaeamesiliadu

(@ esterification) vadnsaludiu ffuenuea (g ethanol, ethyl alcohoh wFaUffsamsudipamnesiindu

(@ transesterification) undlasnaimalss (g triglyceride, triacylglycerol) fiulonuaa gnsluiana R-COO-C,H;
U U U 9

e R Aaanalalnsansuaulanseraansaludiu iasAdsznauvdnlululesiaa () biodiesel NNEMAIENTTLIUNIG

nudieamaiiiadureniiuimseledn? autfimaramadndifesiuiiiusiie (g diesel fuel, pefroleum diesel)

I a a | ) QII | Ql I o o a < I a | 4‘
nnuvastinaden wanan illvla@enazananm ewnlulinuziuiasasualsuumngd uaslauiin1sanau

eaasums daunsoldfludmnasluiasassunsiaalalaensasanauiuinTuaimaantingids

H H Q
| |

A ¥ VN W N N
H H

Tnsaadramainiaaaeiiateamnasuaansaluii
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‘ ,l’]fﬂlWﬁ\i‘lﬁJﬂ’lW

I:

fatty acid methyl ester (FAME) Lufialadinas
103InsA Tz

miﬁuw?éﬂ?:LmnLaama%ﬁﬂizﬂauﬁaﬂmﬂh@mma% 17y
(monoesten duaszlaainifiszenaamesiiadu
(9 esterification) ¥@NIALUTUNLILINILAA () methanol,
methyl alcohol) viFalffisamsudieanasiiadu
(q tfransesterification) ‘JJ'a\‘l\lmﬂa‘L"ﬁavL?ﬁ (Q ’rriglyceride,
triacylglycerol) fLLUNUDS (A methanol, methyl clcohol)
ansluiana R-COO-CH, lnel R An analalnsanduau
Tansewnansaluiu Hussadsznauvanlululenisa
() biodiesel) fiAnaensz LU UdlnamesTiATY
gaatiTuiFeludn auTAmatiamadndime ety
vhiTufima () diesel fuel, petroleum diesel) AMNUNAY
Mnadey urnaunlnflfledefiazaianii fesmin
yifiiusdu uazansuelsuufng SautAnisvaedu
PR0NEURF Lazensaaeldlaaa8NITLAUNNTNG
I (biodegradation) anunsoldiiudamadu
aasud el A laansanauR U U I TaenN

ingidey
LNAALTH
H,C
3 \/\/\/\/\/\/O\
Il CH,3
Wialalmm
H,C O
FNNANANAINNANNNC TN
1] CH;,
wialalalem
CH;
SN
I CH;,

@)

Tnsaadramanivaaufaeameduaansa lusiu
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flash point 9auin

ammumam‘vﬂm”mmﬁnu’muaﬂmm“LW”Lmuamﬂm‘LW
ipasuE Mttty fentesiuanulaonsde
TunsaudInnTLARaLineLa NN TALTL mmgﬁuﬁ’]ﬁu
lulafiza (f biodiesel) UsznrAlnsnsugsfiandenu
WA, 2552 ﬁﬁwum‘gmqﬂmmﬂﬁ%ﬁndﬂQO ANALTALTEE
MIUIENAABL ASTM D93 Lunmiuea () methanol,
methyl alcohol) fFetluiiulnlefimaunnin

Foraz 0.2 Tngiwidn dwalianiulsind 100

ANANLTALTEA

ILEETN

& a
SRINIGN

a19ngu

wsaslaingaanuiv

flexible-fuel vehicle, flex-fuel vehicle (FFV)
dl v d’l a a
NIULN LD NAIANT LA
FSOEUAVFDANTEIULUANTULAADU LA A ELADLINAIT
wannvang Tnnasihihdiuoudunugu unlagea 810
() E10) unlaaea 920 (g E20) vivaunlaana 885 () E85)
Unfultamaaruaanunsanauiulaludus UG

Qs = o 4‘ tL K% a o
fuAEafu LATeseun lilulasAauiiinasAIuAL
ANT1AIUANNIARDLAALNANLALNZ AUDENIT R ILLTA



free fatty acid nsnluiiudass

a asa o = s i : : ¥ ey = e a
nsmduvisduenmanluanalandimalsn (g tiglyceride, friacylglycero Tuthiuna valudni innanlalaslada
4 : = % = - el AT S B ey e 1 ) v Y o a dew
(hydrolysis) (9) solvolysis) uadlmsndimalsnlnaingn wa vive taulad \fumisaliisensuiuanuiou thdunamly
Ugeanmsudrasifiununsaladiudassgendninduitalng nealafiudaszvinliemnsndladugednaumduiiu
adldifusatiusenaunnaedladuuastihduiy anmnsageursmsaludiudasasalvianga @ acid value, acidity)
v ¥ . - v ' S I
waninduirgeauLaziseniseand indvasindune irdunandnsalududassdssionnsaluduludusda
(9 unsaturated fatty acid) aziianiseandlnd wazmiluiuliatnesinie

O

i i
HQC—O—C—R1 HQC_OH HO_C_R]

O | O

Il A Il
HC—O-C—R, + 3H,0 _ 48 | HC-OH + HO-C-R,

(”3 lipase | (”)
Hzc_o_C_Rs HQC_OH HO_C_R3
lmsnamalsn NALTa508 namlasuaasy

Ujfgenlalaslatavadlnsndimeled Tnadioulmilama (g lipase) ilusisaljizen

furan Wausu

ansUsznavguvisdlassaiduanafinunurnm@sn Msznausme 2 fussg uazeandiau 1 azmey NnUfisenline
wiu angisentalaslada (hydrolysis) liansiszneu 1, 4-laansuaiia (1, 4-dicarbonyl compounds) antliisen
2aNTAYU (oxidation reaction) 'l lawaanlganluaum (unsaturated dialdehyde) vidauanimundae 5 was
(five-membered lactones) ¥iaazLvia (acetals) uazanufnsentalasaiudiu @ hydrogenation) 1ovmszlalnsvusu
(tetrahydrofurany (Husu lfluansdedunslunisudnatstsznauiiudsslanilungnamnesy warldausatng
v | @ Qldﬂ | o U v a < % (% d’q‘ Vv | B
nhanuaiiuasndieresy waznaliiinuziSwiuludninldiuuns codents) lau vy visanszsan wuluams
uunsldANFausILTINIUN LazaImsLaN

o= —O0

3

O:/_\=O ﬂ /@\
9 O o RO e OR
4 5
(\
e, >
o oYy 6

U\
L O
Y
o K/
&
/ < Bridge
7 cleavage 9 /(j\
" L)~
Q o O

NM9EUATIZNANTANE ) AINTIUTU
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- Q0 fti'fvmwﬁd%mw
F-G

aa ¥
furfural Wasnada
= o a QIQI
#19Ll9TNALUAAA LEATBINUMIUTILTY (9 furan) Wil
aanfauetluumuinmvaey waziiusznanaiusy
gnsluiana OC,H,CHO TAnanlumaiiuaamas
Ql | 2 £ a aaa a Qs
Wanisuas wasiaFananaindjisennlainsdu
(dehydiration) ugniaanantvandaiuau 5 luiana
v Talaa (xylose) uazazantilua (arabinose) T lAunann
LﬂﬁL‘ﬁﬁQIaﬂ ® hemicellulose) ARIAINIA ® biomass)
] o YV = qIJ Vv 24 o
W Fednilne waanwesi wazdnidn Taqriuunn
a aa o YV = a v
nnsuamnasiiTasasaz 90 1nannilszinAan awannle
e o mame 4 v -
wazansnsudglatdi Fedrunnnin il lunisud@n
wngz lalngiusy

©)

\ /

Tngaadremainivaanasinga

gasohol unlgaas, utaltaas

lﬁ?aLwa\mmLmu%ﬂﬁmnmmauﬁ’ﬂﬁumu?ﬂuﬁugm
(unleaded gasoline) Sl ueaInIALEBINGS (9 ethanol
99.5%, fuel ethanol, dehydrated ethanol) iuipSaseus
‘«gm‘:Lﬁmﬁ’)ﬂﬁ’;Lﬁﬂu (%) gasoline engine, spark-ignition
engine) ﬁizudﬂﬁ"ﬁuLmisrjaaavl,é'whﬁ?u TG IS
evusainsatamAduiiuuuduudafiu 3 sw fe

Faeay 10 Sa8ay 20 warienas 85 lnalddydnwniuan
sinmamaniy 310 (7 E10) 820 (7 E20) uaz @85
(9) E85) PUAIAL {Hemnniemusaiimesnnu (9) octane
numben 9N (3TN0 108) NTHALLBNUBAINTA
Taunadataz 10 vidn 20 aﬂuﬁﬁﬁumu?ﬁuﬁugﬁu%wm
[RuAneanIL LazinENAANLE L (7 heating value,
calorific value) vadunlaaaaliluszitge wWszunm 33.7
wnzganedns) lunnauiu emusailAiannuiay
WL 21.2 UNZ9aneans pndiuduiugu
FailAndszuin 36 wnzyanedns vinliddne
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(epichlorohydrin process) nsaandladinsiiau 1udu ndtmeseaflunanastld (by-produch RdnAw
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low-speed diesel oil, industrial diesel oil
1}ﬁﬁuﬁmamgu%
thifuidamasdminirisusRianyuiaanuga
saUANIN 1,000 sRUABUNT Ly LASRItURALTA
sunnlngildifudetsyas Gelaeans wiasiidalnih
aunalvg %f:fﬂaﬂ‘]djl‘ﬂ’ll’] hiTudls WiansiAuEeiend
UNFUALTARREE (marine diesel ol (MDOY) danivun
é’ﬂum:ua:@mmwmmﬁﬁﬁuaLfﬂamuﬁ?mﬂuiﬂmm
UsznANTUETRANANTL W.A. 2556

4 a v o v o & A
Limmuagwﬂﬁuumummawqummﬂummwaq

. o o &
manure biogas UNATINTNIMNYAHR
WiaTIN M (g biogas) MlANNsndnyadnd (manure)
A A a Pe o & 1 o & o &
visaduvaeanHulAdnd i yadnd a1mnedng
ARUAANY uazlAEYng visanani sasiuaen Wuau
nsudpdniunazuinliesAdsznoulasssuanan
uanagdudanaliasalsnauusataninanedu
anuliane Tutlainlszunn 2551 nauwmuIwaIY
wmwuuazaﬁnﬁwé’wu W) NTengandaanuls
] a v e « (9 LL a <« v
avasunsldufatinnluvhdudadnilnadnadudi
saulasennsvianua 43 vihdu uenidu whdugns 28 i
Wsula 11 we vhsungzia 2 wie vhsusinnaznnsy
UNNTLNBENNAT 1 UrY LAz ilATIN1IWAUNT S ULNAR
e v v = 1
uwfiaTanmanyatndluthediegn 6 uns



methane #inu
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N09AUseNal ward@RAILUDIUN ALARZAUARAINNY
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N A
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UMTINANTANANVRIINT LRI ADLNAIAUALA LAZAN
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o A , P
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specific gravity AMNNINEUNTY
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sulphur content sununnuziu

Saemslneniminuesrnusdiluhiiudiomas dwitunloeea (9) gosoho) UsTNIANTUEINANAWNU W.A1. 2553 FimuA i
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syngas, synthesis gas uiadwuasgi
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vaetiuMARALKUNI TN s A AR e end (9 Fischer-Tropsch  synthesis) LaznezLAUNsAEL
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CH,+ H,O — CO + 3H,
uanantiaunsandnlalasiauanUisenamesuiating (water-gas shift) Ao
CO + H O —» CO, + H,

LLa:Lmﬁuﬁam%nau“l,maan“l,fﬁﬁaaﬁﬁ’mmmﬁmﬁ@mﬁuimmﬁmmﬁuaé’u (pressure swing adsorption (PSA)) LLae
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total contaminant Awluidlauismsn
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nsvilgisemsudieamasriiadiu () ransesterification)
maqﬁqﬁuﬁw‘éaimﬁmﬂﬂaugad UszniAnsugsna
WEwL 584 ivundnsuzuazgunnadiulenisa
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uevarhslurituim uazdinge aunssiee il .e1960
AlmihudasssuanAunldunu

msldfuaeinasdinasaing

vapor pressure at 37.8 °C Anusulan 37.8
a9ALTALTEA

Anuuedlaldomaunantafimtindamaaran
lunnauzd mﬁla‘quﬁ 37.8 avATALTEd N9
pusulespvilumMauzuaznITMULIRTEUAMILA
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volatility anwszinela

auﬂ“mmﬁ’]ﬁwﬁaLwaqﬁémaﬁiami'?‘mnﬁm LN gl
UAZNFYINNLABILATASEIUA UNITUNTIMEEIRZNTZaNE
Iovhifuluinsruanguadniane qaszinlag vinlv
a dl YV @ 9: % Qld Vv tla a
AupsasauA sy tndundaninssivalasinindym
nawnindliauysal ninAsuaU (g carbon residue)
naundnluipsassus ladainfusuaznaumniy
NARADLAEINITNALLLIL ASTM (ASTM distillation) MNLAE
ASTM D86 gaumainisnaunusdanmezivela 1un
= QI v A oo - . = QI
AABALTUAL (initial boiling point (BP)) AaLARAT
Usumssenaz10, qanannasifsuinsienas 50
(mid-bolling point (MBP)) Fatiaz 90 UAZqALABAZATINE
(final boiling point (FBPY) 11MIgutiuALTanauiF
(7 high-speed diesel oil, automotive diesel oil)
mmﬂa‘:mﬁﬂiuﬁqiﬁ@wé’qmu W.A. 2556 NIAUA
= ql v 1 a a
JaipannlFunssagas 90 Ui 357 avmiTaidea
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100 ;
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EUTAINITNAULLY ASTM (ASTM distillation curve)
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WAWU WA 2552 mviualiunigges waslulenioa
T liiAudenay 070 waz 005 Taenimin
L unadiunvesinluunlTanamnannaniues
(@ ethanol, ethyl alcohol) ?ﬁ\‘i@mmm?}/ﬂummﬁiﬁa
dmFuumasiinueailulula A e AN A ens
v ludumeunsgnnan s

Wobbe index fatiaavi

m"mmu“éau%uqq (higher heating value) paufatiamas
VNSBES N AR TBIALETINNT (1) specific gravity)
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i MIind Map

e ¥ hydrothermal system
szuvlatndlen /7 sruuthdaulanan

Lgldry steam system)

° Vv
szun et

e Menhanced geothermal system geothermal power plant
srUUl@UNATuANUSaulAR AN Lol nasnunnuauldiion

e Bbinary generation system /
binary cycle system
FTUUADIINAT

¢ Xdouble flash system

szuLunaR

Ll Auger drilling system
iSUUﬂWiL"‘)"IZLLUULﬂaﬂ'J

e Brotary drilling system

TCULUNTTIRISULUNHU

C Mpercussion drilling system

FTEUUNTERNZULLNTIUNN

Y dilling mud / driling fluids)

Trauane / aaslnadiniunisiany

e Xdrilling rig

WA

* Mgeological exploration

N198139989003NEN

e Bgeophysical exploration

N5dn97a89tinANA

geothermal exploring and drilling
N1961993UAZNNTIANZNAINUANNTaULFNAN

e Bgeothermal gradient and heat flow

5 = Hetoe g | y ° ¥ geothermal resources in Thailand
amﬂmﬂwuqquﬂmwnwLLa:ammmimﬂmmnmau

! v v a
unasanusaulannwanslszinelne

o B geothermal electricity in Thailand

nsuannszualnihannndnuanudaulannnludszinalne
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¢ Bspreading center
AUANANNTREILEN

geology
890031811

L3 subduction zone

wayasivasaantan

L Xspring / hot spring
iy / dweu

¢ Bgeothermal reservoirs

i v oo
wraIANUTaUlANAN

() r rock / ot dry rock

FURAULAT / TuAULASaY

o
duiiuguii

NEUANMUTAL
TANaW

¥ geothermal heat pump
fuanudaundsnuanuieulanan

¢ Bopen-loop geothermal heat pump system

TTuanuFaundenuanusaulannniuuasitla

]

e R district heating

v v !
mi’lmmmmul,l,n‘gwuu

LA geothermal bathing

N5RILLN LS

direct geothermal power
naapuSaulAnanlnens

B horizontal ground loop
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= °
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* M vertical ground loop
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° MW slinky ground loop
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rotary drilling system §sULNNTIAIZRLLNIU
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wind energy WAWUAL
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wind-energy potential ANENINNAIUAL
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wind farm NNILAY
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VIILALLILLN (onshore wind farm) aualvvanewisldeu fveelutlszinaanigaiiany lutl a.a. 2012

q
I

VNfiaviuaL Alta Wind Energy Center Lﬂuvjqﬁqﬁuauﬁ"lmgﬁqm’l,u‘l:aﬂmmm 1,020 LINZINA UAZTEIAINN AR NAILAL
Shepherds Flat Wind Farm (845 \unz3ms) uAZNArLAL Roscoe Wind Farm (7815 wnz i)  imnufiugnsuy
A.A. 2012 mummmuauuanmﬂﬁm 8 (offshore wind farm) mmmuauuanﬂmﬁm 8 Sheringham Shoall
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wind gust aunszlan
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(micro scale) Wlaana (meso scale) uUATATALNG (macro scale) LAz LWNTANG (mega scale)
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wind power class furindsay
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<100 <4.4 (9.8) <200 <6.6 (12.5)

100 - 150 4.4 (9.8)/5.1 (11.5) 200 - 300 5.6 (12.5)/6.4 (14.3)
160 - 200 5.1 (11.5)/5.6 (12.5) 300 - 400 6.4 (14.3)/7.0 (15.7)
200 - 250 5.6 (12.5)/6.0 (13.4) 400 - 500 7.0 (16.7)/7.5 (16.8)
250 - 300 6.0 (13.4)/6.4 (14.3) 500 - 600 7.5 (16.8)/8.0 (17.9)
300 - 400 6.4 (14.3)/7.0 (15.7) 600 - 700 8.0 (17.9)/8.8 (19.7)
>400 >7.0 (156.7) >800 >8.8 (19.7)

ﬂ'numamaam 'nuaﬂnumi‘ns‘"mam'num Rayleigh (Weibull vmm k=2) 184
PN snusRELhAuSeudmiuReu s iz lAUIATgIU
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ANUIEIAL
(m/s)
15.50 (1.6%)

10.80 (6.1%)

8.23 (27.6%)

5.14 (35.0%)

3.09 (22.6%)
1.54 (0.0%)

Calm->™ 0.00 (3.6%)

LN’UJ’J TATNEU

aisaunsu wavviunainu | 309



\
/| l

'— WAINILUAY
W

wind shade 11ay

@ = o 4 A A
AIULTIAUNAAAIVAIINMNNITLAARUNHNIUAINAUINN

TIdAUaNTINUA NS WUNTIuaunanls Tnan
AiuaunAseglunaundandunuliaziinianad
wazuwilsunuAINUIEIaNNanadEnNtngs 3 N19an
NANTENLUDILNAY AR Aadadnaiuaulnrigann
A o & i o aa | P
asnaunailuszasimunzay Jadeninanannay An
WUIA gﬂéﬁwma\iﬁmmw AUV ANIAY

Wind Speed in per cent of Wind Speed Without Obstacle
m height
75 100 100 100 100 100 100 100 100 100 100 100 100 100 100100 100 100 99 99 &3 99
73100 400 100 100 100 100 100 400 100 100 100 100100100 95 9% 99 99 99 99 99
70 100 100 100 100 100 100 100100 00100100 99 99 93 99 99 99 99 99 99 99
68 100 100 100 100 100 100 100400100 93 99 99 99 93 99 99 93 99 99 99 99
65100 100 100100 100 100100400 9 93 99 99 99 93 99 99 93 99 99 93 99
63100 400 100100400 100100 99 59 99 $9 93 99 90 99 09 99 99 99 09 99
60100 100100100400 100 93 99 99 99 99 99 99 95 98 9% 95 98 9% 98 98
58100100100100100 99 99 99 99 95 95 95 95 95 95 9% 95 95 9% 9% 98
55100100100100100 99 93 95 95 95 95 95 95 95 95 95 95 95 95 95 98
5310000100100 99 99 95 95 95 97 97 97 OF 97 97 97 97 9F 9% 95 95
50100100100 93 99 95 95 9F O7 97 97 97 97 9F 97 97 97 9F 9F o7 97
45100100100 93 95 95 97 95 96 95 96 95 95 9B 96 96 95 9F OF 97 97
45100100 93 93 95 97 95 95 95 95 95 95 95 95 95 96 95 95 96 97 97
43100100 93 95 96 95 94 94 93 93 94 94 04 94 95 95 95 95 96 96 9
40100100 95 96 95 93 95 92 92 92 92 93 93 94 94 94 95 95 95 95 96
38100 99 97 95 93 91[G0 90 G0 G0 91 91 92 95 93 94 94 95 95 95 9%
35100 95 95 92/ 90 85 65 57 &7 55 59 90 91 92 92 93 94 94 94 95 95
33100 97 o2[ @5 86 95 o4 54 55 96 57 59 00 @1 91 92 93 93 9+ 94 95
30 93 94/ 87 83 &1 80 81 81 82 84 36 87 58 90 U1 92 92 93 94 W 95
28 9389 81 76 75 75 76 78 79 81 3¢ 86 57 50 90 91 92 93 93 W4 94
51 74 76 79 62 44 56 G5 69 90 91 9% 95 W 94
T3 77 50 43 65 87 §9 90 91 92 9F 95 94
75 79 52 55 &7 85 90 91 92 93 M4 94
74 79 52 55 87 85 90 91 92 93 W 94
74 79 52 55 67 89 90 91 92 93 W 95
75 79 53 56 G5 90 91 92 93 9+ 94 95
77 81 85 8708891 92 95 94 95 95 %
80 &4 87 89 91 92 93 94 95 96 95 97
5 68 91 92 94 94 95 95 95 o7 97 96
72 60 54 565 90 92 94 95 95 97 97 95 95 95 95 99 99
21 43 B4 66107 129 150 171 1953214 236 257 279300521 343 364 355 407 423450 m
= Cbstacke 20 mtal = Turbine Tower 50rm tall

$R8AZURIANUITIAUNAIAN AINU A LR UANLISIAY
Alyehudsnaung

Wind Energy in per cent of Wind Energy Without Obstacle
i height
75 100 100 100 100 100 100 100 100100 95 99 93 99 99 99 99 99 95 95 W 93
75100100 100100 100 100100100 39 95 99 99 99 99 95 95 95 95 95 95 93
0100100100100 100 100100 93 99 99 99 95 OF 05 05 0% 05 OF 0% 05 03
5100100100100 100100 99 93 99 95 95 95 95 95 97 97 97 9F 97 97 97
65 100100100100 100100 93 99 95 95 95 97 OF 97 97 97 97 OF 97 97 o7
£5100100100100100 99 95 55 95 97 97 97 96 96 96 96 95 96 96 % 96
60100100100100 99 99 95 95 97 96 96 95 05 05 OF 05 05 OF 05 0% 0%
S5100100100100 93 95 95 97 96 95 95 95 95 94 94 94 94 94 95 95 95
55100100100 99 93 95 97 95 95 94 94 93 93 953 95 93 93 94 94 W 94
55100100100 99 95 97 95 94 93 92 92 92 52 92 92 92 92 93 93 45 93
50100100100 95 97 95 93 o2[ @100 80 G0 S0NE0 91E] 11 01 92 92 02
45100100 99 97 95 93 91059 55 55 53 55 55 55 59 5990 90091 91 91
45100100 595 96 95 90 55 56 35 55 55 95 56 ST &7 59 559 59 59 W W
45100 99 97 93 90 86 34 52 51 81 52 33 54 54 35 86 37 &7 55 49 89
40100 99 95 90 85 B2 79 ¥E TF ¥ Y 80 51 B2 85 54 35 56 87 895 5%
35100 95 91 85 79 76 74 ¥2 72 76 TE B0 53 55 36 86 87
95 56 78 T2 73 75 7T 52 53 54 55 56
a1 72 T4 30 52 53 54 85
a3 72 79 80 82 85 85
77 TE 5L 53 84
TE TE B0 5 54
TE TE B0 5 83
75 ¥E B0 82 53
TE TE B0 52 84
TE T3 5L 53 85
TS OED B3 54 56
80 53 85 86 53
34 56 BT 51 00
T4 TE 82 85 90 91 9z 93
T5 73 52 96 58 90 91 93 94 94 95 W 96
1 43 B4 56 107 129 150 171 195 214 236 257 279300 52 1 543 364 556407 423450 m
= Tbrtacls 20 mtall = Turbine Tower 50m tal

FREaZUDINANIUAUNAIAINAVINUAL LA UNA LAY
Mo 2 424 o = Y

lmiddaene Weddaunaufings 20 wWns 11960 wms
uazeilaugs 50 1Ums BEYng 300 WAT UaLAMEDD
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wind shear auRay

iﬂmeaqmiamawmmmmammaammaaumﬂna
N nendanArAuEIauR SR UR LR
AANUITUSE (1) roughness) TAL 2 uandegUuLLYDg
m‘iamawmmqmmammaumaauwaﬂﬂawumu
Uiy audaulianudAynaniseanuuLiaiuaL
TNNAENAIILALE 40 WRs WEUNTUALENGNY 40 LWAT
ﬁﬁﬁﬂaﬁﬂiuﬁmﬁquﬁaguuqmauﬁmﬁimmm@a 9.3 LUAT
AU ﬂmﬂuﬂ’mﬁwuﬁag}éwqmamzﬁmﬁaﬂmmﬁfa
77 WAAEIUNT Famineanuiiussingsvinsaluia
ATULUATLANUINNINALAN Qmﬁi‘i’f‘lumiﬁﬂmm
AURDY A

4
In(Z
(ZO)
V= Vref

|n ( Zref
Zy

A -~ < dl s lQ a Ql
TV AR ANUETIRUNTTALNINAITIN (Lumwimm*n)

o

B < dl Vv a
Vigr AR ATNULTIAUNTSALDINEY

Z  AB ANUGINITTALTINAEN (UAT)

= QI o YV a
Zor AR AUGINTTALDNEY
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wind speed AU

. 44 doaya .
Am3157984N19L AR UNURIANNIANYINIALR ALTIVFD
A A o v X a =

ANUNANKNU AT UAlALURUElan uazusviza
ANUNATIUERAIUTUAAY 2 U9ANLIEIAL ANUIEIAL
TUANTNUABNITNITNEINTBINIA LATAITIU
NNAUNNNIINZLA TATINNINEATIN LazNN9asLALIA
UATARIINISENNAN B NIVIATEITA LATHANSZNLIAY 4
ANUINUIE ARAEILATIIIAAINLLEIAL (anemometer)
4J = ] | I a a a 1 QIJ
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Advance Electric & Electronic Co., Ltd.
15T uamIud dlaAvaA waum alaAnsaia a1fin
* 23/218 Vi 8 TOENHATTE 2 DUUIWTINGL

ng. 0-2811-4191-2 Tngds 0-2420-9161

Annex Power Ltd.
I uFEn wawind wiaed d1rin
o 153/3 2IANTINALALLALA TU 2 TREUALENUAIN 1
OUUIUATT UUNQUAL LUmLhuiu ngammy 10330
n3. 0-2660-6800 Tnsas 0-2660-6899
website : http://www.annexpower.com

Applied Machinery Co., L’rld.

UM uSnnananuuduiues a7dn )

o 1146/81-82 a1AngianinaL e du 7
uuATUATUNS Anuadnlsunile sunailiag
FmInaynssnig 10270
ns. 0-2385-8607-8 Tnsans 0-2385-8057
website : http://www.applied-machinery.co.th

I APK. Energy Co., Ltd.
a o = a4 & e o o
UTH 12.W.LA.NTULAULLBSA A71R

* 508/1 v 4 nuuALUDU-TUNAN
AUAAIL 8LNevIAlng AamInadaan 90110
ns. 0-74502-288 Tnsans 0-74502-291

Asia Biomass Co., Ltd.
15t e Tulauua 91dn

NTUNWI 10150
ng. 0-2415-0054 N9eng 0-2415-1102
website : http://www.asiabiomass.com

Asia Green Energy Public Company Limited
I 13EM Ll N3 1ULed 1R AT
o 273/1 QUUWTZINUN 2 WAWUALAN
VIRLINNYLEL NN 10150
3. 0-2453-1251-3 Ingang 0-2893-4267
website : http://www.agecoal.com

Bangkok Pacific Steel Co., Ltd.

138 uenanud@imaia s1dn .

« 259 iy 11 a8 a.lnedd 2 ouuguaian
Fualupaasundainna gunanszaynsiand
FmTPayMILaINIT 10290
ns. 0-2425-0013 Ingans 0-2425-8299
website : http://www.bpssteel.com

Bangkok Solar Co., Ltd.
I 138 uenanlgand 41
o 39/1 M1 AUULNLENI-2ITAUNS FuauaLgA
gunatiulng Sauinazidauns 24140
ns. 0-38577-373 1naans 0-38577-370

website : http://www.bangkoksolar.com
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Bangpoo Environmental Complex Co., Ltd.
13 1y ulireuwunea Asunand d1iin
e 589/142 '1/11(;]: 2 ﬁmmaﬁmmwmmmﬂu TRE 3 ‘]j
DUULNUI-ATIN LUNUWNUY LUATNUN
ﬂil;\‘]L'V]'W‘ﬂ 10260
N3, 0-2745-6926-7 Ingans 0-2745-6928
website : http://www.wms-thailand.com

Banrai Sugar Refining Factory Co., Ltd.

13t gaamnssutimatils 41in

o 88 1.12 AnLUATWMAN Bnatinule
FnIngViEaTtl 61140
ng. 0-56530-123-4 Tnsa19 0-56530-123
website : http://www.frrsugar.com

Cha-Am Peerapat Chemicals Co., Ltd.

U3 wedisianl 1nliaea 91n

e 118 w.;j 4 g IPATUAUR ANUATILANY
UNBINEDRE NNIALNATYT 76140
n3. 0-276-2700 fn 201-4 Tnsans 0-32439-230
website : http://www.wakschem.com

C&G Environmental Protection (Thoilond? Co., Ltd.
UFEN Tuaund @ulseuwunes laiadu wszmalne) d1in
o 127/14 21ANatleyaantl U 12 DUUUUYE LAAiRIuUng
VIAELLI NTUNNGT 10120
9. 0-2294-8355 1ngang 0-2294-7199
website : http://www.cugu-ep.com

C.S. International EIecITronics Co., Ltd.

U3EN T.ied dumadiuduiua aldalnsted 41

¢ 1515 V3] 4 TAHUINTUINABE DULNHATNE
FauamwIEnE dunailies faminaynslsinis 10270
n9. 0-2758-1261-70 Ingans 0-2384-3830
website : http://www.safe-t-cut-com

DoubleﬂA thonol Co., Ltd.

13 Aulla L8 1ennuea a1fn

o 1 12 fuanigu dunerfuning AaminUsnauys 25140
ns. 0-3720-8800-39 N85 0-2659-1414
website : http://www.doubleaethanol.com

E85 Co., Ltd.

UFEN 885 471

o 1y 2 fuavgu dunerFunng
FmTnUsnAuLs 25140

Eastern Palm Oil Co., Ltd.

UFEN Bansy 1y aead 47

o 157 1y 2 QUUTALT-UWNAY FLALNTEN
dunavuadivg fwminrals 20190
ng. 0-38168-555 ngans 0-38168-559



Ekarat Solar Co. Ltd.

138 1andglaans 1iin

o 9/291 mmiglﬁmmma% DUUSIUAIN
WUNATUNAN LUAAIUNAN NTINWT 10250
ns. 0-2719-8777 ngans 0-2719-8754
website : http://www.ekarat-solar.com

Energy & Environmental Management Co., Ltd.

U AANINANULAZAIWIRGDY 371R

¢ 152 ouuWIAIUNT wIaiund ey
NIUNW 10230
n3. 0-2509-9000 9@ 0-2509-9071
website : http://www.eem.co.th

First Korat Wind Co., Ltd.

3N Wifa Tasnar Aud 4riim . o

o 87 297181 g nMInes asaddudinaa dun 27
OULINE UNQUREL LumuTU ngamwe 10330
ns. 0-2654-1155-8 Tnsans 0-2654-1159
website : http://www.windenergyholding.co.th

Gateway Equipment Co., Ltd.
3N g aAlthuus 91dn ‘
o 254 FRAANANGNY 107 DUUANANG UINARBIAL
ALNNEL NFANNT 10240
ns. 0-2731-1992-5 Tngans 0-2731-1997

German-Thai Boiler Engineering Cooperation Co., Ltd.
USEM 1amLLA 991n
e 335/7 auuﬂ?‘uﬁ?uw% LANAUDILAY LURLTzinA
ﬂ‘i;\‘lLVlWﬂ 10250
N3, 0-2366-0400-7 N3ANT 0-2366-0413
website : http://www.getabecboiler.com

Green Growth Co., Ltd.

13 nFu nen 41rim

o 538 2IANTUNTUA 41U 10 DUUFAANRALEN
HUWANLLAULAN LIANILYIN NN 10310
n3. 0-2975-9934 Ingans 0-2975-9936
website : http://www.green-growth.net

Green Energy Ne’rwprk Co., Ltd.

1N n3u Buuedd innaeda d1in

o 123/223 Fu 20 giim 1A 91ANTNEI TN WA
auung I wuaangynln [westnd ngamn 10400
ng. 0-2612-9669 Insans 0-2612-9668

Gulf Cogeneration Co., Ltd.

g e lauiuaisdu 91ia

¢ 79 Vi 3 FUARIAIAEY ENBUNIARE
WNINATTYT 18110
ns. 0-36246-203 Tnsa19 036248-020
website : http://www.gulfelectric.co.th

Gunkul Chubu Powergen Co., Ltd.

U3 fiuna Ty WB5IAU 1A

o 1046 nuUUUATIIEAT wnULUAT lTaAT
\IAAAA NIMN 10300
n9. 0-2242-5861 ngans 0-2242-5878

website : http://www.gunkul.com

Gussing Renewable Energy (Thailand) Co., Ltd.
13t nade 3hada Wuwedd wszinalne) 41in
o 75 QUUAUNTINT LUNTDIUUNT LUALNUUIN

NIIUNWT 10120

ns. 0-2642-7723 Tnsans 0-2642-7724

website : http://www.gussingrenewable.com

Hatyai Environmental Management Co., Ltd.

13N N1sdnnnsdsnindaumalug 91iin

o 572/25-26 uuUNYALY siuatiiung
gunavalvg Saminasaan 90250
ns. 0-74439-575 Insens 0-74439-585
website : http://www.bioenergy.co.th

Italig Co., Ltd.

LS BUNAaA 911R

« 800 nuulszaNBUn LUARETYIR UUNEULE
NFINN 10600
N3, 0-2465-3504-5 N3eNs 0-2465-3501
website : http://www.italig.co.th

Iltochu (Thailand) Co., Ltdl

FEm alay (nauaus) 91rin

o 54 AAANTNZAUAT U 5 DUUAMIULD
WAL LUALNEN NTINW 10500
ns. 0-2266-3086 Tnsans 0-2235-9535
website : http://www.itochu.co.th

Jebsen & Jessen Technology (M Co., Ltd.

LTI LTy weud Wity malulal G 91in

o 23/110-117 2Asasde AU 25-29 moEaYLIn 63 (ande)
DUUGYLIN UINARBIALIVTD lUATAL NN 10110
ns. 0-2787-8118 nsans 0-2787-8109
website : http://www.technology.jsea.com

Jiamphattana Energy International Co., Ltd.
UM REUTRILIWANY Bulmasiudulua 91
e 191 '1/11qu 8 NUULNAELLUU ANLARIANNY
AUNDLUDY WNIPGNIIULYT 72210
ng. 0-35599-899 nsans 0-35599-639
website : http://www jiom-energy.com

K.R. Two Co., Ltd.

138 1A.ang.y 9110 . )

o 87 21Alau. Ine mines eeadiudinaa u 27
QUUINE WUNAUAT LumuTu ngamne 10330
n3. 0-2654-1155-8 Tnsans 0-2654-1159
website : http://www.windenergyholding.co.th
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KV Electronics Co., Ltd.

N 1A7 Blaansatlad 91in

o 140/1 81AISAEUVNIL 2 TU 18 auwdng
Lmqquﬁﬁ AL ngaUnNN 10330
ns. 0-2701-2969 ns@1s 0-2701-2966
website : http://www .kv-electronic.com

K Y Inter Trade Co., Ltd.

UFEN 1A 18 BUAasnga 41NA

o 55/17-18 nuUWLN N wanuuwyly
VIATIWNT  NTUNWT 10400
ng. 0-2653-6505-8 Tn9a13 0-2183-2732
website : http://www .kyi.co.th

Leonics Co., Ltd.

13 alallnd 41

o 113 113 5 QUULNUN-A9A siuausadng
ANNALNUZNG AINTARLITNT 24130
ns. 0-2746-8708-11 Ng@a15 0-2361-7586
website : http://www.leonics.com

Micro-Biotec Co., Ltdl

s lulaslulama 41in

o 40/2409 Wy 1 FuAYINNSNE BLNaTIUUNLE
AMIAUUNLT 11000
ns. 0-2589-7388 ns@s 0-2589-7437

Mitsubishi Heavy Industries (Thailand) Ltd.
uFEn Ungld 1aWa Budans alsznalne) 9rfin
e 2/3 UNUMNIGT 21ANTle du 8 vy 14
QUULNUI-AFIA NLLES5 FILALNNUNT
BUNALNING AMIAAYNILINTT 10540
ng. 0-2751-9800 Tngans 0-2751-2980-1
website : http://www.mhit.co.th

Mitr Phol Sugar Corp., Ltd.

U3 thanailnswa 91

o 2 21ANALAATURGS TU 3 nuugYLIN
T08 2 WINARBUAEY LUINARBIAL NTILNWT 10110
ng. 0-2656-8488 1n9819 0-2656-8504
website : http://www.mitrphol.com

Mitrphol Bio-Power Co., Ltd.

1T ARTua ‘luia—LW']an%ﬁﬂﬁm

o 2 21ANAUAATURABS U 3 TREqYUIN 2
DUUAYLIN UUNARBUNY LUINARBLAL
NN 10110
9. 0-2656-8424 n9819 0-2656-9929
website : http://www.mitrphol.com

Mitr Phol Bio Fuel Co., Ltd.

U3 dmsua luleyiea 911in

o 2 21ATNALUAATIABS TU 3 TREqYUIN 2
QUUAYLIN WUWARBILAE LUAARBILAE
NFIMWT 10110
ng. 0-2656-7761 1ngang 0-2251-1138
website : http://www.mitrphol.com
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National Fower Plant 5 Co., Ltd.

U3 wduuua wanef uwaun 5 s1dn

¢ 217 Wy 2 21719 1@i8 3 FIUaTL
NI Ing Faminueauys 25140
{ns. 0-37208-800 Ngang 0-37659-141

OPS Mobile Audio Co., Ltd.

u3En TaWiea Tuune asdla 911in

o 142/7 TREANANINT 81 DUUAIANGT?
WINTINDIVAN LUATINBINAIN NTINNTT 10310
ns. 0-2933-1781-4 Ngan9 0-2933-4093

Papop Renewable Co., Ltd.

13 daw Fhaada 91

o 43 TaelsziaTuyna 5 ouullsziaaguyia
WUAsIT LIAANANGIY NN 10230
ns. 0-2570-5580 nseng 0-2570-5581
website : http://www.papop.com

P & S Design Co., Ltd.

U3 W uaud 1ea alml 91dn

e 3/3 Myj 13 QUULNUN-ATIA N.6.5 AILALINGLAY
BUNALNING FMIPANILIINIT 10540
ng. 0-2312-0165 Tngans 0-2312-0166
website : http://www.psbiogas.com

Patum Vegetable Oil Co., Ltd.

1t dndiuialny 42fin

o 1/8 T0EASYATINNA 55 QUUATIATINIA
WUNUNLNG LIALNWAR NUMWT 10700
ns. 0-2434-8384-7 Nsens 0-2433-6423
website : http://www.patumoil.co.th

Power Prospect Co., Ltd.

U INRsHsRdINA 911TR

o 4 TREFYNIN 81 QUUATLIN UWINUNIN
wanszlang NGIINY 10260
ng. 0-2733-3595-7 Tngan9 0-2730-0598
website : http://www.powerprospect.com

Premier Products Public Co., Ltd.

U3 wadlas nsdnd &fia @wvnaw

o 2 WAlESinaT TeawWalles 2 auUATUATUNS
WUNVLBILAY LUAUSZIIA NN 10250
ng. 0-2301-1340 n9as 0-2301-2202
website : http://www.premier-products.co.th

13 nEeuAanndeuaina S1in

o 456 TRAUNDY 6 LUWNAULAY
LUAALLAY NN 10400
9. 0-81642-9294 Tnsans 0-2692-4191

Retech Energy Co., Ltd.

a o a < aal o  as

UTEN FINA LAULUATE 1N

o 2/22 27Tl dU 7 Wing 704 auuiuns
TREI2 Lmejﬁmmau LIAAINT NN 10120
9. 0-2678-8921-2 INgans 0-2678-8920
website : http://www.retech-energy.com



Royal Motor Works Co., Ltd.

158 saffa ualmasiiasa 91n

88 nuuitdE wiouuuATlaEAs [WARAR
NgIUNN 10300

3. 0-2669-1191-3 Ingang 0-2243-0105
website : http://www.royalequipment.co.th

Salakpet Renewable Energy Co., Ltd.

13t adninas uada Wuuade s1da

o 33/52 nUUNAINA 10 Aualuiilad
sunaliins Saninfeaidn 45000

Scan-Inter Co., Ltd.

U3 aunu aumas s1in

« 50/1 My 1 ouusEgTHaN AuasEgiiay
gunalnatios uuns 11150
n9. 0-2921-9937-9 Tngang 0-2921-9849
website : http://www.scan-inter.com

Schneider (Thailand) Ltd.

3 wlueed (neuaud) 91in

o 4471 pAnsgalaatisung Au13-15 auuFIANALEN
WUNTAIEUIN LUATIEUIN NN 10310
ng. 0-2617-5440 n9an3 0-2617-5556
website : http://www.schneider-electric.co.th

Safe-T-Cut Manufacturing Co., Ltd.

13 wavl-Ai-An wuygunAleTs 911in

o 8/2 TREAUNNAIU 2 DUUAYNIN 62 LUWLNAN
wangzlung ngamne 10260
ng. 0-2758-1261 Tngans 0-2394-7908
website : http://www.safe-t-cut.com

S.C.l. Electric Manufacturer Co., Ltd.

18 108410, Bianpda uliudwflaireisa 91in

e 107/1 MN 1 OUULNUN-ASIA NL.27 FILALIN
waen dunaunetie Yaninaynslsinig 10560

ns. 0-2338-1414-9 Ingang 0-2708-0326-7
website : http://www.sci-mfgr.com

SCI ECO Service

135 10d 7 la 3lA imefiaira 91dn

o 200 4a%u Bumediuduiua nnes ny 4
auuudsTanz fuathninda Famiauunys 11120
ng. 0-2638-3500 Insans 0-29620-7298
website : http://www.scieco.co.th

Sharp Thai Co., Ltd.

13t st ne 91fim

o 952 BNANIFILUAUA TU 12 DUUNZEL 4
Lmq@?mqﬁ LIALINNGN NN 10500
n9. 0-2638-3500 Ingans 0-2638-3900
website : http://www.sharpthai.co.th

Siam City Cement Public Co., Ltd.

130 Jufluusuasna 911n @niTw)

. 199 97AN3AEALITININGS TU 7-12 ouuSUANTLEn
WUNARANUAEL LIAARAILAL NTILNNY 10110
ns. 0-2797-7000 nsens 0-2797-7704
website : http://www.siamcitycement.com

S.Siriseang Co., Ltd.

1FHN A4.A7Ua9 911A

o 140 DUUINTMASNAR LUNAULAY
LUIAAULAY NN 10400
9. 0-2691-9777 Tnsans 0-2277-8178
website : http://www siriseang.com

SMA Solar (Thailand) Co., Ltd.

U3 eadue Toans (neuaud) s

* 999/9 aP5d oavlileaa o Euniaian
4 17 W89 LBULEA 1708-10 DUUNWTZIY 1
WL lAtuTu N 10330
n3. 0-2670-6900 Tngas 0-2670-6966
website : http://www.sma-thailand.com

Solartron Public Co., Ltd.

13N lransasau 97fm @y

« 1000/65, 66, 67 81AN3 WI.NBS U 16
TOHAYLIN 71 OUUATIN UINARRIAUMIE
\IATAILY NTIMN 10110
n3. 0-2392-0224 Ingans 0-2292-2971
website : http://www.solartron.co.th

Somboon Advance Technology Public Co., Ltd.
13t auysal uBanud malulad 91in @)
* 129 Wy 2 AUULNUI-RIA Fuauland
BUNALNING FIMIPAYNTUIINNT 10540
ns. 0-2728-8500 Ingans 0-2728-8512
website : http://www.satpcl.co.th

The Southeast Paint (1970) Co., Ltd.
13N AFanAld (1970) 911in
o 171 QUUVTTAILY WUNVLBIANING
LIAVILANLIL NN 10160
ns. 0-2421-0087 ns@1s 0-2806-2000

Star C N C Technology (Thailand) Co., Ltd.
UM ams @ 18u 4 wnalulag @Wezindlne) s1dn
e 299/5 My 9 OUWNNENH FuauLial

BUNALNING FmIPayNsLIINIT 10540

3. 0-2706-4478 n38ns 0-2706-4479

website : http://www.starcnc.com.my

STFE Co., Ltd.

1S 104 1 vl 8

o 388 81AN9IRA N TU 17 DUUNVAlEEU
wpaeanuauly wangyaln nganne 10400
ns. 0-2273-0037 Tngans 0-2273-0735
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Thai Agency Engineering Co., Ltd.

13 Ineiaielud Budiileds 91

¢ 9 91AN929U AU 2-3 QUUBNIATIER WINIBLNE
LIAAAANT NN 10900
n3. 0-2691-5000 Tnaans 0-2691-5749
website : http://www.thai-a.com

Thai Alcohol Public Co., Ltd.
I 13 neuaanaaed 910 WU
o 195 p1AsiBulng nanes du 43 auuamsld
WINENULNIN LUAAWT NTUNW 10120
ns. 0-2287-7000 Tnga1s 0-2286-4303

Thailand Antracite Co., Ltd.

13 Ineuausuaunalan 41dn

o 240/25 prAnselesEnnInes 4u 16 T ouuSIALEN
WANVREUIN LUATIIEUINN NTUNHY 10310
9. 0-2276-2778-9 n9ans 0-2276-2534
website : http://www.thailandanthracite.com

I Thai Roong Ruang Energy Co., Ltd.
13t InegeFaamdanu 9rfin
¢ 794 29ANTINETINNU UUNGINHY WU TnTauta
mmﬁauﬂsmﬁmgﬁw NFIMWT 10100
ns. 0-2282-2022 Ingans 0-2281-5638
website : hh‘p://www.frrsugclr.com

Thai Steam Service & Supply Co., Ltd.

U3 Inearuetesia waus dwwane 1in

o 754/31-32 TaEIOAN DUUAYNIN 101
WANLNAIN LUANTZIUU NGININT 10260
n3. 0-2332-8246-7 Nsdns 0-2311-4840
website : http://www.thaisteam.co.th

I Thai Solar Energy Co., Ltd.
13 na Trans @uiuasi 9rfn
o 3199 9NANTLNAUUIININGS U 16 AUUNEZIY 4
WINARDIAL LUINARBIAL NTILNWT 10110
ns. 0-2661-2701-3 Tngans 0-2661-2705
website : http://www.thaisolarenergy.com

Thai Solar Future Co., Ltd.

13 Inaleansiaeas 41

o 99/227-228 DUUNALNAAUATIZN UUWAIALN?
LUIAAAANT NTINW 10900
3. 0-2953-9163-6 Tngans 0-2953-9167
website : http://www.thaisolarfuture.com

I Thai Sugar Mill Co., Ltd.
19 Urmna lnelamuaa 97100
o 9/5 auundunanlue wsiAmnwATUNS
mmﬂauﬂimﬁmgwﬁﬂ NN 10100
3. 0-2225-9091 Tngans 0-2225-4092
website : http://www.thaisugarmill.com

324 | Alternative Energy Encyclopedia

Thammasorn Co., Ltd.

138N g9suasnl 4fim

o 156/20 QUUINATLE WUNOUUWITLT
LUIATNINT NTUNW 10400
3. 0-2216-2535-7 N9@an9 0-2215-9074

Therm Engineering Co., Ltd.

138N ey 1Budilede 91fin

o 11/72 TaHTINDINIAGAA 11 DUUTWEINIATIA
WUNAALLIDY LIARBULLAY NTUMWY 10210
n3. 0-2900-2918-9 Ingang 0-2928-2217
website : http://www.therm-eng.com

Tipawat Corporation Co., Ltd.

13 Aindanl Aasilaisdu 41vn

e 54/25 My 1 QUUATUASUNS UINMLBILIEY
ALlsziaA N9 10250
n3. 0-2748-2396 ngans 0-2748-2369
website : http://www.tipawat.com

TPI All Seasons Co., Ltd.

13 fifle soa FHud 41dn

o 26/56 QUUFLNTIAAIVA WYLV
VIMANT NFAUNNTT 10120
n3. 0-2285-5090 Ingans 0-2678-7080

website : http://www.ipipolene.co.th/eng/allseasons.html

Victor Process Co., Ltd.

13 Aamas Insiad s7im

* 80/123 My 5 sinuaunuiiadlvl dunailios
JIIPAMILIINNT 10270
ng. 0-2380-1380 Insans 0-2380-1380
website : http://www.vpsurveyor.com

Wang Kanai Sugar Co., Ltd.

13 Unaateaune 41

o 889 o1AslneTImInes du 28 ouuawmsld
WUNETULNI LUAAINT NTINWT 10120
ng. 0-2210-0853-72 Tngans 0-2675-8336
website : http://www.wangkanai.co.th

Wax Garbage Recycle Center Co., Ltd.
13N uwind nufia Flnaa 1iumas 41
e 54/1 mg 8 muaserh snaeauil
TIP3 70150
ng. 0-32228-144-5 Tngang 0-3222-8237
website : http://www.waxga.co.th

Wind Energy Holding Co., Ltd.

U3 un auuase laans 91iin

o 87 A9l N n9ed eeaddudinaa Tu 27
QUUINE UNQUAT 1uALuTU N3y 10330
3. 0-2654-1155-8 INgang 0-2654-1159
website : http://www.windenergyholding.co.th
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pvinueulfirnisnellilenanuddelafuniseeniu Inenininazaenanagisinauludannilg
mall

4.4 WENUNAUNUIRENNT HARALF AL (Renewable Heat)

funAaiazanlFTinsWamnunasnig “RHI” (Renewable Heat Incentive) @NvsLa0a3UN1sUNNENIUNARNL
WU TR V8T DITIINN LATLAIRNTnE mLﬂumm%aﬂummqmmmﬁmmLmum'”?mwaquaa?ﬂa Ly
iRy LPG dnsfumuaz Uiy 18
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441 winuuasanfing ihwunelutl 2564 Aa 100 ktoe aqiiufFutunisldsan 4.27 ktoe
- dudsunepnseszuutindaufunaweing (Solar Heating/Cooling) Tneianadalidnistirsaslu
a1Ansnasgnauls

WAILNTZ LU SaULAIRN ST L AUAS FaUNLALYUA

v
a o

WauunnalnniAleAL 19U Building Energy Code ilsAuamsuunalvgfnseszuutindau/ iy
wavningl

f:ﬁ'qm?m:uuauuﬁmmmﬁmézﬁqm%’uqiﬁwmmmqLLa:ﬂJmmLSﬂ (SMB) waziaunaguau (OTOP)

4.42 fnaanw ilwunelull 2564 Aa 1,000 ktoe flaqifutFunnnig’ldsan 468.15 ktoe
a = = o Ao w a
443 Funa ilhwuneluil 2564 Aa 8,500 ktoe aqifuiiindsn1suansau 4.775.85 ktoe
- ANATUITULNIUAR Biomass Pallets
| a a o % | % B va
- du@dussuunaandsnuAnusausl (nWHn+ANLEaL) 19as 1 Biomass Co-Generation 191
nsldateninuns Tnganzlugnamnssuiinma uazindulhdy

4.4.4 wisowaez wanelull 2664 Aa 200 ktoe tfaqifuiitFunnslisa 78.18 kioe
- ANATULATWAIUNLUININAANSARLENYE 2Rt Tl s @nan
- dudsuuazuanfuliguIURIAnEnWNEANGNUAINUEE

A9 1 AnsAiivunenisldndsnunaunulunianisuaniWinauueu AEDP 25% u 10 1

Whwnne (Mw) Energy (AMunuae)
tsziannin
LA Ingdes i Il

1. WANUAL 1,200.00 1,800.00 1,576.80 2,365.20 134.36 201.54
2. WANNUUANRTIRE 2,000.00 3,000.00 2,628.00 3.942.00 223.93 335.90
3. W&t @unEn) 324.00 324,00 993.38 993.38 84.65 84.65

wauth WULUNAL 1,284.00 - 7.873.49 - 670.90 =
4. WAWNUTINIA 3,630.00 4,800.00 22,259.16 29,433.60 1,896.70 2,508.04
5. ANTIINWN 600.00 600.00 3,153.60 3,153.60 268.72 268.72
noudles - 3,000.00 - 21,024.00 - 1,791.46
6. WANUANAUELY 160.00 400.00 840.96 2,102.40 71.66 179.15
7. wasnugtuuylval 3.00 3.00 10,51 10,51 0.90 0.90
39U 9,201.00 13.927.00 39,335.90 63,024.70 3,351.81 5,370.33

* uRANzNITUNTUlELNENSRIUUAIR () LHaTUR 30 WOAANTEL WA, 2554
= pRnuznssunsulLenduing e WeTuil 16 nengIAL WA, 2556
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5. ANTNVLNEANULEUNITHAIUINAITUNARNULAS A UNIEan 25% 1u 10 1
FAAIUNANUNAUNUADNIS LA

A19197 2 Agnatihvnenis TNt unARNUNaNANAINUSBUANLLKY AEDP 25% lu 10 T

whnune (Ktoe)
lszinnAnuseu

e Ivai*
1. WANULAEN RS 100 100
2. WANUIING 8,200 8,500
3. fnanw 1,000 1,000
4, gy 35 200
U 9,335 9,800

* UAAUZNITUNITUIELNENAN WA (W) 1aTul 30 WAANIEY W.A. 2554
* URAUZNIIUNTUTEILNEWANTUUVING (W) LR 16 NINHIAL WA, 2556

A5197 3 AnseAtuinenisdmdsnunaunuluniATUAIALLLY AEDP 25% i 10 T

wWhuune @1uang)

Fanaianm
LR gl
LeUaa 9.00 9.00 2,447.33 2,447.33
1uledima (B10) 5.97 7.20 1,878.34 2,265.34
iawadlnl @HD) 25.00 3.00 7.865.75 943.89
AN man (CBG), Fiu/iu - 1,200.00 - 3,807.09
39U 12,191.42 9,463.64

* AAUZNITUNTUlELNENANUWANING (W) 1eTu 30 WOAANIEY W.A. 2554
“ yRAuzNIsuNUlBLNENEWIUWANNA (e WaTudl 16 nIngAN WA, 2556

99 4 aguuasauiilmunemuney AEDP 25% i 10 1

tlune (ktoe)
lszinn

GHE Il

1. nauwnulunianiauan llin 3,351.81 5,370.33
2. nAunuitaranALEey 9,335.00 9,800.00
3. naunuluniAauas 12,191.42 9,463.64
39 24,878.23 24,633.97

* RAUENITUNSUIELNENANUWANNG (W) 1aTuil 30 WOAANIEY W.A. 2554
= yRAAuzngsuNTUlELNENSI UG () WeTuRl 16 nsngIAL WAL 2556
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“ndex

a-cellulose 84 barrage 270
[3-cellulose 84 benzene content 188
y-cellulose 84 Betz' law 283
2 cycle diesel engine 186 binary cycle system 225
4 cycle diesel engine 186 binary generation system 225
biobutanol 193
I A bio-char 188
acid value 186 biodiesel 189
acid-forming bacteria 84 bioenergy 93
acidity 186 biofuel 189
adiabatic flame temperature 84 biogas 190
aerobic digestion 85 biogas engine 191
afforestation 85 biogas post freatment 191
agricultural residue 86 biogas upgrading 191
agricultural wastes 86 biohydrogen production 47
air mass ratio (AM) 14 bio-hydrogenated diesel (BHD) 192
air separator unit (ASU) 86 biological fuel cell 48
air turbine 270 biomass 95
air-blown gasification 86 biomass fo liquid (BTL) 97
airfoil 270 biorefinery 97
alcoholysis 87 black liquor 98
algae 87 boiler 98
alkaline catalyst 88 Boudouard reaction 99
alkaline fuel cell (AFC) 46 Boyle's law 99
allothermal gasification 88 brown salwood 138
alternative energy 89 butanol 193
alternative jet fuel 186 Butler-Volmer equation 48
amylopectin 89 buttress dam 250
amylose 89
anaerobic covered lagoon 90 I c
anaerobic digestion 90 calm wind 283
anemometer 282 calorific value 208
anhydrous ethanol 202 canal 250
animal manure 91 capacity factor (CF) 283
annual energy production (AEP) 283 carbohydrate 99
aquaculture 224 carbon credit 99
aqueous-phase reforming (APR) 91 carbon cycle 100
aquifer 224 carbon dioxide 101
aromatics content 187 carbon footprint 102
ash 92 carbon residue 193
attenuator 270 carbonization 102
Auger drilling system 225 cassava 105
autohydrolysis 132 catalytic decomposition 49
automotive diesel ol 209 catalytic deoxygenation 194
autothermal gasification 92 cellulase 103
azeotropic distillation 188 cellulose 103
cellulosic ethanol 194
B central receiver system 15
B100 188 cetane number 195
B5 188 channel digester 155
bagasse 92 Charles F. Brush 283
bark 93 chemical hydrogen storage 50
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chemical-looping combustion

chipping

cloud point

codlification
co-combustion

coconut

co-firing

cogeneration

cold gas efficiency (CGE)
combined cycle

combined heat and power (CHP)

combustion
combustion chamber
compressed biogas

compressed biomethane gas (CBG)

compressed hydrogen
compressive ignition
concrete dam
condenser

control switchboard
copper strip corrosion
corn

cofton

cracking

critical point

critical pressure
critical temperature
cross flow filtration
cut-in wind speed
cut-out wind speed
cyclone

D

dam

deforestation
dehydrated ethanol
denatured ethanol
dew point

dew point femperature
diacylglycerols

diesel fuel

diesohol

diffuse radiation
diffusion

diglycerides

dimethyl ether (DME)
dimethyl ether synthesis
dioxin

direct combustion
direct geothermal power
direct radiation
disaccharide

104
104
195
105
105
106
105
107
107
108
107
108
195
196
196

51
196
250
270
251
197
110
111
111
112
112
112
270
284
284
112

251
112
202
197
197
197
199
198
199

16
270
199
200
113
114

52
226

16
114

dish / Stirling engine system 17
distillation profile 201
district heating 226
double flash system 227
downwind turbine 284
drag force 284
drilling fluids 228
drilling mud 228
driling rig 229
dry rock 230
dry steam system 230
durability of fuel cell 53
E

E10 201
E100 201
E20 201
E85 201
earthdam 251
earth-fill dam 251
ED95 202
electrocatalyst 53
electrode 54
electrodialysis 54
electrolysis 55
electrolyte 55
electron-hole pair 18
electrostatic precipitator (ESP) 115
energy band model 18
energy crop 115
enhanced geothermal system 231
enzyme catalyst 115
equivalent ratio 116
esterification 116
ethanol 203
ethanol 95.6% 202
ethanol 99.5% 202
ethanol dehydration 202
ethanol fermentation 117
ethyl alcohol 203
ethyl tertiary butyl ether (ETBE) 203
eucalyptus timber 117
evaporator 270
external combustion engine 203
extraction 117
extractive distillation 188
extrinsic conductivity 19
extruded log 118
F

Faraday’s law of electrolysis 56
fast growing tfree 118
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fast pyrolysis

fatty acid ethyl ester (FAEE)
fatty acid methyl ester (FAME)
fermentation

fermentative hydrogen production
Fermi level

Fischer-Tropsch synthesis

flash point

flash pyrolysis

flat plate collector

flex-fuel vehicle (FFV)
flexible-fuel vehicle

flow field plate

flue gas desulfurization (FGD)
forebay

forest biomass

forest residue

fossil fuel

free fatty acid

fuel cell

fuel cell application

fuel cell efficiency

fuel equivalent power

fuel ethanol

furan

furfural

(€]

gas diffusion layer

gas to liquid (GTL)

gas turbine

gasification

gasifier

gasohol

gasoline engine

generator

geological exploration

geology

geophysical exploration
geothermal bathing

geothermal electricity in Thailand
geothermal exploring and drilling
geothermal gradient and heat flow
geothermal heat pump
geothermal power plant
geothermal reservoirs
geothermal resources in Thailand
glycans

glycerol

govermor

greenhouse effect

greenhouse gases (GHG)

ground loop

H
headrace
heat recovery steam generator (HRSG)
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119
203
204
119
56
19
120
204
121
20
204
204
57
121
252
122
122
58
205
58
59
59
122
202
205
206

60
122
123
124
126
206
207
252
231
232
232
233
233
234
235
236
237
237
238
155
208
253
128
128
239

253
129

heating value
hemicellulose
heterogeneous catalyst
heteroglycans
heteropolysaccharide
high-speed diesel oil

hill effect

holocellulose
homogeneous catalyst
homoglycans
homopolysaccharide
horizontal axis wind turbine (HAWT)
horizontal ground loop
horizontal turbine

hot dry rock

hot spring

hot-compressed water
hub height

hydrated ethanol

hydraulic residence time (HRT)
hydrodeoxygenation (HDO)
hydroelectricity
hydrogasification

hydrogen donor

hydrogen economy
hydrogen fuel processor
hydrogen production
hydrogen properties
hydrogen refueling statfion
hydrogen safety

hydrogen source

hydrogen storage
hydrogen sulfide
hydrogenase
hydrogenation

hydropower
hydroprocessed renewable jetfuel (HRJ)
hydropyrolysis

hydrothermal process
hydrothermal system
hydrous ethanol

hydrous pyrolysis
hydroxymethylfurfural (HMF)

|

IC engine
impulse turbine
incineration
industrial diesel oil
intake

integrated gasification combined cycle (IGCC)

internal combustion engine
intrinsic conductivitiy

J
jatropha
Johannes Juul

208
129
130
130
130
209
286
131
131
132
132
286
239
270
230
245
132
287
202
136
209
253
133
133

60

61

61

62

63

63

63

64
134
134
134
253
210
135
136
240
202
136
210

211
254
137
212
255
137
211

21

138
288



K
kinematic viscosity
Krathin Tepa

L

lond breeze

large hydroelectric power plant
lead content

leucaena

life cycle assessment (LCA)
lift force

lignin

lignocellulosic biomass
lipase

liquid hydrogen

liquid-hot water

livestock unit (LU)

long wave radiation
low-speed diesel oil

M

maize

manure biogas

membrane electrode assembly
membrane filtration
membrane separation
mesophilic digestion
methanation

methane

methane content

methane reforming
methane-forming bacteria
methanogenic bacteria
methanol

methanol synthesis

methyl alcohol

micro hydroelectric power plant
microalgae

microbial fuel cell
micro-emulsion

micro-siting of wind resource
mini hydroelectric power plant
molasses

molten carbonate fuel cell (MCFC)
monoacylglycerols
monoglycerides
monosaccharide

monsoon

mountain breeze

municipal solid waste (MSW)

N

nacelle

nanocrystalline solar cell
napier grass

natural rubber (NR)

212
138

288
255
212
139

64
289
139
140
140

65
132
140

21
212

110
212

66
270

66
140
141
213
213

66
141
141
214
141
214
255
142

48
142
289
261
142

67
214
214
143
290
291
144

291

22
147
147

Nernst equation
nitrogen oxides
northeast local wind
NO, reduction

o

ocean energy

ocean energy technology

ocean thermal energy conversion (OTEC)
octane number

oil palm

oligosaccharide

onshore breeze

open sea

open terrain

open-loop geothermal heat pump system
optical windows

organic matter

oscillating hydrofoil

oscillating water column (OWC)

[ekingleli

osmotic pressure

overpotential

overtopping terminator

oxygen-blown gasification

P
paddy husk

para rubber

para timber

parabolic frough collector
parabolic frough system

park effect

partial oxidation

particulate matter

passive solar design
pelletization

penstock

percussion drilling system
petroleum diesel

phenolic compounds
phosphoric acid fuel cell (PAFC)
phosphorus content
photocatalytic process
photosphere

photosynthesis

photovoltaic (PV) cell
photovoltaic characterization
photovoltaic effect
photovoltaics (PV)

physic nut

physical hydrogen storage
plasma gasification

plasma reforming

plates tectonic

plug flow anaerobic digester
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67
148
292
148

271
271
271
214
149
149
296
292
292
241

23
150
271
271
271
271

68
272
150

161
161
151
23
24
292
162
162
25
183
256
241
198
163
68
215
68
25

, 164

29
26
27
26
138
69
154
69
242
155



P-N junction

point absorber

polarization

polycyclic aromatic hydrocarbons (PAH)
polysaccharide

potential of ocean energy

Poul la Cour

pour point

power curve

power density

power coefficient (CP)

powerhouse

pressure-retarded reverse osmosis
producer gas

proton exchange membrane fuel cell (PEMFC)
proximate analysis

psychrophilic digestion

pumped storage hydro plant

pyrolysis

pyrolysis oil

R

ram pump

Rankine cycle 167,

rapeseed

rated power output

rated rotor speed
reaction turbine

refined bleached deodorized palm oil
refined vegetable oil
reforestation

refused derived fuel (RDF)
regenerative cycle
regenerative fuel cell
regulating pond hydro plant
renewable energy
reservoir hydro plant
reversible fuel cell

rice

rice husk

rice straw

rock fill dam

rotary drilling system

rotor

rotor blade

roughness

rubber weir

run-of-river hydro plant

S

saccharification

salinity gradient energy
sand sluice
saponification
safurated fatty acid
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22
272

70
155
155
272
292
215
293

70
294
256
273
215

70
155
156
256
156
192

274
274
157
294
295
257
158
158
158
159
160

72
258
160
258

72
161
161
162
259
243
274
295
296
259
260

162
274
260
162
163

sawdust

scrubber

sea breeze

semi permeable membrane
semiconductor

sewage sludge

sheltered terrain

short wave radiation
silicon-based solar cell
slagging

slinky ground loop

slow pyrolysis

slush hydrogen

small hydroelectric power plant
small hydroelectric power plant map in Thailand
sodium hydroxide

solar cell

solar chimney

solar collector

solar constant

solar drying

solar electricity in Thailand
solar pond system

solar radiation

solar resource map of Thailand
solar spectrum

solar system

solar thermal heat system
solar thermal heat system in Thailand
solar thermal power plant
solid oxide fuel cell (SOFC)
solvent washed gum
solvolysis reaction

sorfing

southwest local wind
soybean

spark-ignition engine
specific gravity

spillway

spreading center

spring

stalll

starch

stator

steady-state characteristics
steam explosion

steam gasification

steam reforming

steam furbine

steam-iron process
step-up substation

Stirling engine system
stream tube

streamlines

subduction zone

163
163
296
275
28
164
297
28
28
164
244
165
73
261
261
88
29
29
30
30
31
32
34
34
35
36
37
38
38
39
73
215
165
165
297
166
207
216
263
244
245
297
166
275
39
167
167
168
168
74
263
17
298
299
246



sugarcane
sulfated ash
sulfate-reducing bacteria
sulfur oxides

sulphur content

sun

sunflower

supercritical fluid

supercritical water gasification (SCWG)

surge tank

survival wind speed
switch yard
switchgrass

syngas

syngas engine
synthesis gas
synthetic fuels

T
Tafel equation

tailrace

tapioca

tar

femperature gradient energy
theoretical flame temperature
thermal decomposition
thermochemical conversion
thermolysis

thermophilic digestion
thin-film solar cell

fidal current energy

fidal energy

fidal head energy
torrefaction

total contaminant

total glycerine

town gas

transesterification

fransient characteristics
fransmission line

frash rack

friacylglycerol

friglyceride

fubular collector

tunnel effect

turbulence

u

ultimate analysis
ultra-rapid pyrolysis
unsaturated fatty acid

up-flow anaerobic sludge blanket (UASB)

upwind turbine
used cooking ol

169
216
170
170
216

40
170
171
172
252
299
263
172
218
217
218
218

75
264
105
173
275

84

75
173

75
174

40
276
276
276
175
219
219
219
175

41
264
265
176
176

42
299
300

176
176
177
177
300
178

\%

valley breeze

vapor pressure at 37.8 oC
venturi

vertical axis wind turbine
vertical ground loop
vertical turbine

volatile matter

volatility

w

wake effect

waste tire

wastewater from agro-industries
water

water content

water haul windmill
water hyacinth

water turbine
water-gas reaction
water-gas shift reaction
wattle

wave energy

wave energy conversion technology

Weibull distribution
weir

Wells turbine

wheat

willow

wind direction

wind energy

wind farm

wind gust

wind map

wind power class

wind power density
wind rose

wind shade

wind shear

wind speed

wind speed frequency distribution
wind turbine

wind turbine break
wind turbine controller
wind turbine generator
wind turbine map in Thailand
wind turbine tower
wind vane
wind-energy potential
windmill

Wobbe index

wood charcoal

Y
yaw mechanism
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301
219
277
301
246
277
178
220

302
179
180

76
220
302
181
265
180
180
181
277
278
303
266
278
182
182
304
304
306
307
307
308
309
309
310
310
311
311
311
312
312
313
314
316
316
305
317
220
188

318
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