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Giris: Tanim ve Kapsam

Gazlar, yakitlar ve herhangi bir yanici gaz karisimi enerji
saglamak icin evlerde ve endulstride kullaniimaktadir.

Yakit gazlan temel olarak hidrokarbonlar icerir yani C ve H
iceren molekdullerdir. Yakit gazlari, icerdikleri C ve H’nin
moleklldeki dizenlenme sekline ve sayisina bagh olarak
farkli 6zellik gosterir.

Butin bu gazlar saf hallerinde kokusuzdur. Bu gazlardan
karbon monoksit (CO) zehirli ve oldurtcudur, bu yuzden
sizintilardan ve kacaklardan bu gazin fark edilmesi ve oOnlem
alinmasi icin icine kotu kokulu kukurtlG bilesikler ilave edilir.
Yakit gazlan icerdikleri yanici gazlar yaninda cesitli oranlarda
yanmayan azot ve su da icerir ki, bunlar onlarin yanma
sonucu acgiga cikan son Urinleridir (endproducts).
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Halen gunumuzde vyakit gazlan olarak, komurln
bozunmali destilasyonu sonucu ortaya c¢ikan kok firin
gazlan (bkz. Komur kimyasallari , B6l. 4); Komurtun buhar
ve oksijen ile yuksek sicakliklarda yakilmasiyla elde
edilen, sentez gazi (synthesis gas, syn gas), Uretim gazi
(producer gas) ve yuksek sicaklik firin gazlarn (blast
furnace gases), hafif hidrokarbonlardan olusan tup gazlar
(LPG-propan ve bltan), dogal gaz, substitute dogal gaz
(Substituted Natural Gas=SNG) kullanilmaktadir.
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Gazlastirma Prosesleri

Proses karsilastirmasi: Oksijen kaynagi

yiikseltgen gazlastirma

Dogrudan Gazlastirma ] gaz +katran
(oksijen kontrolli atmosfer) |  pamiir =

maddesi

Karbon temelli

madde

Indirekt (dolayh) Gazlastrma| gaz +katran

zazlastirma maddesi -

————— (oksijensiz atmosfer) | Komiir

oksijensiz
Karbon temelli madde ,
. Piroliz '] gaz +kat1an-.
__Inertgaz (inert atmosfer)) }  kOmir
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151l proses triinleri
Gazlastirma/Piroliz Yanma
co . C . CO,
Gaz H, . H . H,0
Faz N, . N » NOX
HES - S ’ 502
O - 0,
Kati G: Camsi kat1 Kiil
Faz P: Hafif yakatlar "
smirh oksijen Asmn oksijen kaynagi
k_a}-'nagl prosesi prosesi (viikseltgen :
(Indirgen atmosfer) atmosfer)
4.12.2024 KIM483 END.KIM I /

Doc¢.Dr.Kamran POLAT



PETKOK NEDIR?

Petroliin destilasyonu takiben vapilan isil
(termal) prosesler sonucunda ele gecen
karbonlasmis maddeler "Petkok'" olarak
adlandirilir.

Petkokun bilesimi:

Element (2%) | Ortalama Oran
Karbon 79.74 75 - 86
Hidrojen 3.31 3 -3.6
Azot 1.61 1.3 -1.9
Kiikiirt 4.47 3.4 -5.3
Kiil 0.27 0 - 0.6
Oksijen 0.05 0-0.1
Nem 10.6 55 -15
HHV MJ/kg 31.3 29.3 - 33.7

HHY : High Heat Value
(viiksek 1isitma degeri)
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Processes Comparison: Applications
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Gazlastirma Uygulamalar
MWih syngas
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Cizelge 5.1. Dogal gaz ve cgesitli yakit gazlarinin 6zellikleri ve

1sil degerlerinin karsilastiriimasi

Yakit Gan ](];Ei;ﬁﬂli ](];Eﬂ]gﬁﬂ; Kok Firm Gaz1 | Mavi Su Gan Je n?::;héﬂm
CO 6,30 42 30 27.00
CO, 0,80 1,80 3,00 4,50
H, 53,00 4990 14.00
N, 3,20 1.10 3.40 3,30 50,90
O, 0,20 0,50 0,60
CH, 26,00 67.60 31.60 0,50 30
C,H; 31,30

Isil Deger

Lealind 8.600 10,960 5,230 2,740 1,335
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Dogal Gaz

Dogal gaz, petrol ve kimya endUstrilerinin 6nemli ham maddeleri
olan degerli organik elementler icerir. Dogal gaz yakit olarak
kullanilmadan ©nce, biltan, propan ve petrol gibi agir
hidrokarbonlar sivi olarak ekstrakte edilir. Kalan gaz, "kuru gaz,
dry gas” olarak adlandirilir ve yakit olarak kullaniimak uzere
evlere ve endustriyel kuruluslara borularla tasinir. Kuru gaz ayrica
plastik, ilag ve boyalarin Uretilmesinde de kullaniimaktadir.

Dogal gaz, gazlasmis fosil yakittir ve ana bileseni metandir ve  Oonemli
miktarlarda etan, butan, propan, karbon dioksit, azot, helyum ve hidrojen

kUkurt gibi gazlari da igeren bir fosil yakittir. Petrol ve dogal gaz yataklarinda

ve komdur yataklarinda (komurli metan olarak) bulunur.

Metan bakimindan zengin gazlar, fosil olmayan organik maddelerin anaerobik

bozunmasi sonucu ortaya ¢iktiginda, bunlara biyogaz denir. Biyogaz kaynagi

olarak, batakliklar, balgcik ve camurlar ile lagim, gubre, agil ve kanalizasyon

gibi atiklar sayilabilir.
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Dogal gaz, genellikle elektrik gibi diger enerji kaynaklariyla
karsilastirildiginda gayri resmi olarak “basit gaz” olarak bilinir.
Dogal gaz yakit olarak kullanilmadan 6nce, metan disindaki
butun bilesenleri ortamdan uzaklastirilr.

Bu oldukca pahali bir prosestir. Bu sekilde uzaklastirilan yan-
drunler, etan, propan, blutanlar, pentanlar ve yuksek molekdl
katleli hidrokarbonlar, kukurt, helyum ve azot bulunur.

Dogal gazin bilesenleri ve oranlar:

Bilesenler %o, kiitlece
Metan (C H 4) 70-90
Etan (C2H6) 9-15
Propan (CgHa) ve Biitan <5
(C4H10)
CO2, N2, H2S, etc. denge
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Ulkelere gire dogal gaz iiretimi (Kahve ve kirmmzi renkler, en cok
uretimi olan lilkeleri gosterivor)
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0
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DOGAL GAZ (NATURAL GAS)
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SEKIL 5. Alifatik amin absorpsiyonu ile gaz saflastirma akim-cizelgesi (Girbotol Prosesi).

GIRBOTOL PROSESI
- NOLS‘*
W SAF
PRl Y S H.S
SAFLASTIRILMIS
GAZ
bohe
MEA & a2
(Mono Etanol Amin
HAM
GAZ
AKTIFLESTIRME
KULESI _
- (REJENERATOR)
ABSORPSIYON
KULESI

Bu proseste, desiilfiirizasyon icin monoetanolaminin  %210-30'luk sulu ¢ozeltisi
kullanilir. Cizelge 5.2'deki c¢oziiciiler de kullanilabilir. Aym1 zamanda, gaz; sudan
(dehidratasyon) ve kiikiirtten (desiilfiirizasyon) her ikisinden birden kurtarilmak
Isteniyorsa, amin, su ve dietilenglikol c¢ozelti karisimi ile yikanir. Bu amagla
kullanilacak ¢ozelti, %10-36 monoetanolamin, %10-85 dietilenglikol ve geri kalini su
olacak sekilde hazirlanr.

Absorpsiyon kolonundan ¢ikan kirlenmis ¢ozelti, bir 1s1 degistiriciden gegirilerek,
aktiflestirme reaktorii veya kolonuna gonderilir. Burda, su buhari ile 120 oC kadar
1sitilarak ¢ozmiis oldugu gazlardan kurtarilir.
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Girbotol Prosesi: Asidik gazlarin uzaklastirnilmasi

Ham dogal gaz icindeki asidik gazlar (H,S ve CO, gibi) gazlar monoetanolamin (MEA)
veya dietanolamin (DEA) gibi primer ve :ekn:nnder aminleri iceren bazik cozeltide
absorplanarak uzaklastirihr.

Temiz dogal gaz Asit gaz kiikiirt
‘ donugturucu
o i et
A~ MEA , (% 15-30), DEA (sulu cizelti)
. <
Absorpsiyon
kulesi
Cl1.C2 kondensdr
- 3 b
yvakit gazlan
rejeneratar
kulesi
N —= 9‘—
dogal gaz Flash Drum ry

(buhar-sivi ayina) ‘

diisiik basing i_. /

O NH s N,
HDN \/\DH HU/\/ \//\DH H;N OH

buhar

zenginlestirimis

gozelti Istici

dietilen glikol (DEG) dietanolamin 2-aminoetan-1-ol
(2,2"-oksidi(etan-1-ol) (DEA) E“:dé:;}netanalamm,

[ ' 19
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DOGAL GAZ SAFLASTIRMA

Ham gaz
aaz kuyusu _
KUYRUK GAZI ISLEME
1 yogun siv1 Kuyruk |8 Skot Prosesi cikas gan
densat " o - -
Yogunlastirma -y ﬂ;g:lmti‘n‘ia ) gaz : C.l?uspu.l prosesit ' atiklan enerjive
ve su uzaklagtirma rafinasyonuna Digerleri déniistiirme iinitesi
._i (incinerator)
Atik su Asit |[KUKURT Etﬁjl\[f Elementel Azotca
Gaz | = Claus prosesi Liikiirt zengin gaz
ASIT GAZ T
UZAKLASTIRMA ; .
Ham gaz | * Amin isleme DEHIDRASYON [CIVA AZDT (-_:EK]'[E
bora batt ]| * Benfield Prosesi [ » Glikol birimi LﬂﬁSIEJF .~ iIﬁ'l}l}]E'n-I]:i Proses
oru hatty | oo+ birimi « PSA birimi *\o ¢.? iiler Ele iAbsurps!}un Prusesler!
= Siilfinol Prosesi | ® Aktif Karbon = Adsorpsiyon Prosesleri
= Digerleri
satilmak iizere
gaz boru hattina
Etan «— SWEETINING BIRIMile— FROKSIYONLAMA NGL IVILESTIRME
. BiRIMI = Turbo-genlesme ve|
Propan =—{ « Meroks Prosesi [* = etan giderme -  metan giderme
Biitanlar -%— =« Siilfreks Prosesi [+ 2 Dropan siderme o
. propan g (dematanizdr)
Pentanlar + <+— = Molekiiler Elekler = = biitan giderme

ACIKLAMATAR:

Kondensat (yogunlastirilmis srvi) : Dogal benzin veya sondaj basi benzini.
Pentanlar + : Pentan ve pentanlardan daha agw hidrokarbonlar karisimi, dogal benzin olarak da adlandurihr.
Asit gazlar: Hidrojen siilfiir ve karbon dioksit.
Sweetening Prosesleri: NGL (natural gas sivilar) icinden merkaptanlan (R-5H) uzaklastirma prosesi.
PSA birimi: Pressure Swing Adsorption=Basmch Swing Adsorpsiyon birimi.
NGL: Natural Gaz Liquid=Dogal Gaz Sivilan

4.12.2024

KiM483 END.KIiM I / Do¢.Dr.Kamran POLAT

20



£n Son 5@:\\}%Ni\u\ A ot Q\oé\a\ 3o Sallar Frevist yEadesma~
\g_“\n&g_/\ b E:ﬂ\dﬂ_, mem branlac la\leniave &u 5%.\%—21“\“
eseby, 'qu\L\\ ISQ.Q_\GN‘U’\ d?.?j\"é\"\c. Wirlovda. men brendan

gqetmesine dﬁn*’k\f\\r. M2 mbran olersl, eolisTtfon,
polisteen 5, ¥flon ve Gexchls Kouguk maddeler tutlaaic
Bu $elWi\d

eUX owirmia presesinmn d\‘_f%r ay1rnna proseslesme.

E3A0 alaad Sunlardic s protes kervileny deran tlimli@ig enerys
Lo etonni delha ag2dir; ivledme ma-ltjﬁf—l‘ dééﬁu\(&g hea désak
hem de g\)ﬂh'ﬂ.k aluy hialarindails

ialemlert dsha elconomiktir.
Vowv. — S n 6azt

B 9o 39-\1\\‘2_C& 36\\"\-—-&1“&1’\ ola

col. Teetilin, Yo Gcbn ole~s\e
o wan %@-’2- Snce Sn 30%ml

crtamerya (peimeny Condens )

amonam\n&-s«\ Qav\\mo-&\ LM
allXorine %%ne\%h‘ e, Ge22an
Ga WSSO0y Ttnden gedder
oze\ e v\,

Ocadan Bmbe \Lodvont e

Yo cann MSA saina =l o\mo«\Jau,J
lare\e @manywm LU et Sellmde

Bzn2en ) doluen we ne{"\-o\\\r\ &\Ln
o roan  GelSal=et,

3 G
etk yed olel=es we 3\\Lo:3\u$lnd&
Sevnan ye A\ N a\kav\ere\b oyl By o2, i he Gole

Deanie -G e\l fobri e lavimda Yo\t clacele Wi lan i,

OeETAM GA2\
A

Bu Yo 2, ol ue kSwmte ‘ba-—\-e\c.\.ed‘\ (51l taamnden heva,
ve So bulhen gradilerelk <) de edillie.

C 4 have —= C0q + S

Noocte. = - 335 M [kgmol
Coa A C—n 2LCO Y o00tc = 163, #
C A WD —= C O AW, BY\ \oocc

= '\'"5':5'% ’r
CO AMNAD —» CO0p 4

B Y ooo®c = —32,18 71

4.12.2024

KIM483 END.KIM I / Dog.Dr.Kamran POLAT

21



~—

a\'a mu\\amd& COn me N, olubur. Ges2lex, W Mo\ \oosuncfs\
Nes\erLen Cop , CO'e N\du\cg.em\,,. e Su Solar . asmea
W\, e borvmun TeetTon quzanm ts1dmoa apenyiead d0§ac.\_
Sazan 3&[\@:\.\\& oJodas'\w Vs ds e,

W - S\ oA\ = MAVI GAZ=
. M meut reak olme sy

SW Qe \3‘\\!\@\'3‘1 evwview, aleumn
52_\01\9\\6\e_"mt\-.~({ Ga” olare\ ad land il Ba se2,
1000°C nm Gzemdels

a\or helndelu v EnGe vema kolvn,

Sicov W locdea Sw ouleey Ne N.u-\l-'znn&ﬂu Senucu olusure

CaA WO —» CO -+
Cc + M0 CO5 + 2V
(synaas)

\Govriaavn e\d= edmel T
LV 2

/- Semte 6 A\
M

Kimie ve bulharden CO -~V
e Qms%\m\r\n_ faém_ Asha y2ai

el RN Dy s el \de Gretilen SQ’LIQV"\MJ

Sa 519—2—\ we e A
Whodarn ?m&%\u q=\
e3er Luhar uve olestyn Vulleniliesa,, 15t Teentgt dehe dasllbler.
Do\ v weboe 19\ &O-QEA'\T Yerlow aresindeli cemel
-Qar\:.\\\\\l,) A2 G\e s\ e]é%‘?:\f S ‘3’.\&10&\‘1_ vfo S erammda
azok Thecic Daable 16l deRecls geay -bw},lltq;eﬁdﬁs-]{\\aa‘

'

> Wuswinda ve Lorme\ detrd {le. cmnoun
O('(:“—) o lans\e \wi\laa L

3@\1.,\\-lq¢w\ b
Jorok), Llutdr2aed

Gre b de avoa Helln (M decmeds
Gealertbroma Si’s*e\*&\eﬁl Lrxed ved (Sovort
bed (a\aslWon t)wn.\—o—\«-) we entroemed bed (s lclenen
woaraw) gibt BQQ.IOQ;FIWIL\Q[EL_ leutlanilan Ya Yol iirlerme
g e St floandaviliez Bonlamn an el we bilmen Beneulesn;
‘ (frxed bed), Winkler prosesi (Flurdized bed) ve

Luegtl P roses v

Loppers - Totaele prosese (Entrained alug Y din,

4.12.2024 ; -
KIM483 END.KIM I / Dog.Dr.Kamran POLAT

22



https://www.youtube.com/watch?v=rCeF10oL1IIY

i Metandan sentez gazi eldesi K
€0 Rhb-iceren
@ katalizor
CHy St
0; i .
Metanm Kismi
Yiikseltgenmesi
Dolaysiz mekanizma: CH, +0.50, - CO+2H,
(Direkt)
CH, 420, - €0, +2H,0
Dolayl mekanizma: | CH, + H,0 & C0O+3H,
(ndireks) CH, +C0, & 200+ H,
4 /
4.12.2024 23

KiM483 END.KIiM I / Dog.Dr.Kamran POLAT


https://www.youtube.com/watch?v=rCeF1oL1IIY

Metan buhar reformingi ile sentez gaz liretimi prossleri

oto termal reforming  katalitik kismi yiikseltgenme
CPO

ATR

hidrokarbon

besleme

buhar

syngas

4.12.2024
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Syngas (sentez gazi), fosil yakitlarm (genellikle kémiir) gazlastirilmasi ile elde edilen

degisen miktarlarda karbon monoksit, hidrojen ve karbon dioksit i¢eren bir gaz
kanisimidir. Dogal gazin veya sivi hidrokarbonlarin buhar reformingi ile
hidrojen tretilmesi, koémiirin gazlagtirilmas: 1le  atik gazlarin enerjiye
doniistiiriilmesi o6rnek olarak verilebilir. Siibstitiie dogal gaz (SNG), amonyak ve
metanol tiretilmesinde ara iirtin olarak kullanilmaktadwr. Syngas ayrica Fischer-

Tropsch sentezi yoluyla bir yakit veya yaglayici olarak kullanilmak tizere
sentetik petrol iretiminde bir ara tiriin olarak da kullanilir.

Sentez gazi, temel bilesenler olarak karbon monoksit, karbon dioksit ve
hidrojeni igerir. Enerji degeri, dogal gazin yarisindan biraz daha azdir. Syngas
yanicidir ve genellikle yakit kaynagi olarak veya diger kimyasallarin
irctilmesinde ara iiriin olarak kullanilir. Genellikle, komiir ve sehirsel atiklarin
gazlastirilmasi ile tiretilir. Reaksiyon basamaklari asagida verilmistir:

: : 25
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Ayrica, buyuk miktarlarda hidrojen ve
amonyaga ihtiyac oldugunda, dogal gazin
buhar reformingi ile de Uretilmektedir.

CH, + H,0 — CO + 3 H,

4.12.2024 KiM483 END.KIM I / Dog.Dr.Kamran POLAT

26


http://en.wikipedia.org/wiki/Methane
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Carbon_monoxide
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Carbon
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Carbon_dioxide
http://en.wikipedia.org/wiki/Carbon_monoxide
http://en.wikipedia.org/wiki/Carbon
http://en.wikipedia.org/wiki/Carbon_monoxide
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Waste Heat Boiler
CH«+H:0 N2, Hz2, CO2 —b
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Syngas to Methanol

Methanol is a versatile intermediate for the chemical industry, but can also serve
as a fuel. Even better is dimethyl ether, applicable as bottle gas for cooking (like
camping gas) or as a substitute for diesel fuel. Methanol is also used in the
transesterification of vegetable olls to produce biodiesel. Methanol is produced
catalytically from a mixture CO,:CO:H, = 5:5:90, at 50-100 bar and 225-275 dg.C
over Cu/ZnO/Al,O;.

The predominant reactions are

CO, + 3H, 5 CH;OH + H,O -47kl/mol (2)

or combined with the water-gas shift reaction (1) above
CO+2H, 5 CH;0OH -91kJ/mol (3)

Copper metal Is the catalytically active phase, and ZnO is a chemical and
structural promoter, while alumina is only a structural promoter.
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LURGI Moving-Bed Pressurized
gasification process (1931)

Low Temperature 425 — 650°C / Particle Size 6 — 50 mm / High hydrocarbons In gas

G GASIFIER
TOP COAL GAS
30 — GAS
DRYING/ By
DEVOLATILIZATION |#

GASIFICATION &

COMBUSTION &

GASIFIER [oxYGEN | ASH

>

BOTTOM 1 T T
STEAM, 0 250 500 7501000 1250
OXYGEN ASH / TEMPERATURE [*C]
OR AIR SLAG
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Partial Oxidation (Multi-Purpose-Gasification - MPG)

The new Lurgi Multi Purpose Gasification process generates valuable synthesis gas
(mainly H2 and CQO) from various types of hydrocarbons and low-value refinery
residues by partial oxidation with oxygen

Oxygen
Products

Raw materials

ﬁ 4— Steam

Refinery Residues Carbon Monoxide

Light, Heavy Oils Hydrogen
Natural Gas Electricity (IGCC)
Petcoke Methanol
Orimulsion™® Ammonia

Oxo Alcohols

Synthesis Gas }
—_—*H; +CO

B}rpmzlucts

- Metals Ash
- Sulfur

Tars, DAOs
Chemical Wasties
Slurries
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Reactor Configurations

Coal/Waste residue feed

Coal/tnl Tars
Slurnes
Oxidant ®
{0, Air) —| | Burner
Steam L
Water
Quench Gas-offtake
=R Soot Slurry
1Y
alag
Slag Quench
4.12.2024

Refinery residue
high salt

Residues
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(O, Air) —
Steam
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Water o

Quench g CGas-offtake
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low salt
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Steam

Gas

Heat
Hecovery
Boiles

Boiler Configuration
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2CH +0, «=2CO+nH,

Depending on the feedstock composition, the oxidant and the actual
gasification temperature, the raw synthesis gas (H,, CO) contains H,O,
CO,, CH,, H,S, N,, NH;, HCN and Ar in various concentrations. In
addition, a small amount of unconverted carbon is present, e.g. some 0.5
wt.% of the feedstock when processing liquid hydrocarbons, as well as
the metals ash introduced with the feedstock.

4.12.2024 KiM483 END.KIiM I / Doc.Dr.Kamran POLAT
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WINKLER Fluid-Bed (1926 )

Mean Temperature 900 — 1050 °C / Particle Size 6 — 10 mm
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KOPPERS-TOTZEK Entrained-Flow
Process (1940)

High Temperature 1250 - 1600 / °C Particle Size < 100 um
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The analysis of the gas produced by the ACGF will vary according to the coal that is being
gasified. For illustrative purposes an analysis of a low grade South African coal is given in
table 1, and the gas it will produce, is given in table 2.

4.12.2024

Table 1

Analysis of a low grade South African coal.
COAL ANALYSIS % (mass/mass)
Proximate
Moisture 2 38
Ash 19,66
Volatile 24 93
Fixed carbon 63,03
Ultimate
Carbon 64,10
Hydrogen 3,77
Mitrogen 1,56
Oxygen 793
Sulphur 1.0
Higher heating value 25 52 MJikg

41
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Table 2

Froduct gas analysis for the coal identified in table 1.

GAS ANALYSIS (dry basis) % (vollvol)
Hydrogen 22 3
Carbon monoxide 67,5
Carbon dioxide 76
Hydrogen sulphide 04
Carbonyl sulphide 0,03
Ammonia 0.03
Hydrogen cyanide 0,03
Nitrogen 12
Argon 08
Methane 0.08
Oxides of nitrogen 20 ppm

4.12.2024 KiM483 END.KIM I / Doc.Dr.Kamran POLAT
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Synthesis Gas Fermentation
Biomass can be converted to synthesis gas (consisting primarily of carbon monoxide,

carbon dioxide, and hydrogen) via a high temperature gasification process. Anaerobic
bacteria are then used to convert the synthesis gas into ethanol. Bioresource Engineering
Inc. has developed synthesis gas fermentation technology that can be used to produce
ethanol from cellulosic wastes with high yields and rates.

Biomass can be converted to synthesis gas, which consists primarily of carbon monoxide
(CO), carbon dioxide (CO2), and hydrogen (H2), via the gasification process. Gasification
technology has been under intensive development for the last 2 decades. Large-scale
demonstration facilities have been tested and commercial units are in operation
worldwide. The problems with the application of gasification have been economic, not
technical. In the past, the product from gasification has been electricity or heat source, and
the low value of these products in today's market is insufficient to justify the capital and
operating costs. However, if gasification is coupled with the production of a higher value

liquid fuel, the combination could be a viable alternative energy technology.

. . 43
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After gasification, anaerobic bacteria such as Clostridium ljungdahlii are used
to convert the CO, CO,, and H, into ethanol. Higher rates are obtained because
the process is limited by the transfer of gas into the liquid phase instead of the

rate of substrate uptake by the bacteria.

References

1Klasson, K.T.; Elmore, B.B.; Vega, J.L.; Ackerson, M.D.;
Clausen, E.C.; Gaddy, J.L., "Biological Production of Liquid and
Gaseous Fuels from Synthesis Gas." Applied Biochemistry and
Bioengineering, Vol. 24 /25, 1990, pp. 857-873.
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http://www.eere.energy.gov/RE/biomass.html
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Liquefied petroleum gas (also called LPG, LP
Gas, or autogas) is a mixture of
used as a In heating appliances and
vehicles, and increasingly replacing
as an aerosol propellant
and a refrigerant to reduce damage to the

Varieties of LPG bought and sold include mixes

that are primarily , mixes that are
primarily , and the more common, mixes
including both (60%) and (40%)),

depending on the season—in winter more
propane, in summer more butane.

and are usually also present in small
concentration. A powerful odorant, ,
Is added so that leaks can be detected easily.
The international standard is
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