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In-situ Methane Enrichment for Biogas from Ethanol Plant Wastewater

by External Aerated Carbon Dioxide Stripping Column

Chindamanee Pokson' and Pruk Aggarangsi’
Chiang Mai University, Su Thep, Mueang, Chiang Mai 50200

Abstract

In-situ methane enrichment is a method to increase the methane content in biogas without the need
for any additional upgrading unit. The objective of this study was to determine the optimal ratio of effluent
recirculation to increase the methane content of biogas produced from ethanol plant wastewater. The
experiment was based on a laboratory-scale CMU-CD (Chiang Mai University-Channel Digester) with
1,100-liter digester volume, coupled with 11-liter aerated carbon dioxide stripping column. Daily recirculation
rate was varied between 130-330% of the digester volume, while the ratio of the liquid to gas flow rate
(L/G Ratio) was controlled at 2.92. Compared with a regular reactor, the results suggested that a higher
recirculation flow rate could increase the methane content without disturbing the anaerobic bacteria activity.
At 330% daily recirculation rate, methane concentration could be increased by 32% by volume from
56.6+4.8% to 74.5£2.5% by volume. The total specific methane yield of 0.124+0.036 Nm3/kgVS,(l

remained unchanged. However, it was also found that the desorption led to methane loss of 13.2% by volume.

dded

Economic analysis of a 1,000-m’ biogas reactor with a stripping system was made and the results compared
with those of a normal reactor at a similar size. It was found that the methane enrichment system would
involve an additional 10% capital investment. The methane content of 74.5% by volume could be obtained
if the daily recirculation flow rate of 330% of the digester volume and the L/G ratio of 2.92 were maintained

throughout the run.

Keywords : In-situ Methane Enrichment / Effluent Recirculation Rate /

Ethanol Plant Wastewater / Methane / Stripping Column
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Tapum linaaaafofivanmadowings Siuaes
IiAuinnsBewingetielisuuningesuuyls
gondlandamnivineinifisanademssnmefites
yasrzunliinanzay deimmsiawindsasas 130,
230 sz 330 a9UFnasnsUnssiiatinwaain
WiBNNIAILANAT L/G Ratio Ly 2.92 lidnade
wissmwsasszuuningdasuuylieandauudaingla

3.3 9AIINIANYND

lunrsdszifinanuannsalunisanatie
mfuanlasanlodeananings léRansandasms
mumoasuanlasen kdisuiudamnsidhane
TasRsamsiowindsdouas 130, 230 uas 330
yasdTunastsdnsaiiisinindain Sdraaw
L‘ﬁ”wﬂ”wnaaﬁ”wm?uauvlﬂaaﬂvlsﬁ@i‘ﬁmq@aaﬂ@i’muu
gasnaantnimemoiniuTesas 7.8+1.2, 8.4+0.9
waz 7.6:0.1 lagd3unas Sedaludasinsansineg
asuanlasanlad Wiy 81.0£10.2, 86.1:10.0 LAz
84.1+2.4 faddasmaensuawlasen kiddedasainea
Ah anudey danaasluanTf 2 sfiwindanms
mofanienlasenladdaaiodendnsni i
é’m’m’nﬁuuﬁwLﬁmzﬁmgoﬁu G‘f%amaa;ﬂvlﬁdwms
Bouindoriuaeduideaning Immuqm L/G Ratio
Iskasfitiniy 2.92 dmiunlSudugunwmainmw
NI E 1599 BN WAL T UUNA AT TEI AW
LUULBRANTIe CMU-CD 2w1@ 1,100 87 3201U
ﬂaﬁwﬁﬁamﬂﬁ"mmums'géhﬂmaﬂ‘%mmﬂ%muiau
11 803 AM3dasmseansmaaivenlasanlodlas
Laﬁmagluﬁ'sa 81 — 84 NaRaasmoasuanlasanlas
dadasomaiith deiwmaivsasnnsdewinge
maﬁﬂﬁﬂ‘%mmﬁ”wm%uau"l@aanvl,ﬁnﬁgﬂﬁﬁﬂmﬂ%u
iasnmafindanmadswinde Ry
mstthana
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dl a Y a g v v &v 6 ea o 6 &
AN 2 NMIIYUWILRE, ﬂ’ﬁLl]’]a’m']ﬂ, ﬂ’]’mL“ll&l“llu“ﬂadﬂ’]‘ﬂﬂ’]iuauvlﬂE]aﬂvL‘IJ@WIaﬂﬂﬁ]’]ﬂﬂaﬂ&l%ﬂdﬂ’mﬂﬁ‘ﬁ LR

danmianefoasuanlasanlod vasudazniinasas

Recirculation Flow (% of Digester Volume Per Day)

130 230 330
Liquid Flow Rate (m’/day) 1.43 2.53 3.63
Air Flow Rate (m3/day) 0.49 0.86 1.24
CO, in Off Gas (% by Volume) 7.8£1.2 8.410.9 7.61£0.1
CO, Desorbed (mICO,/IAir) 81.0+£10.2 86.1+£10.0 84.1+2.4
CH, in Off Gas (% by Volume) 1.7620.7 3.10.6 3.50.6
CH, Loss (% by Volume) 3.7 13.1 13.2

A S A '
ANTULAG ﬂ’W]LLﬁ(ﬂx’il%@]’]i’]\‘iL‘]J‘H:ﬂ’]l,ilatliﬂ"lﬂ’nuLL‘ﬂ’i‘ﬂ'i’)u

3.4 msgzyLﬁﬂﬁmuﬁﬂaé’uﬁﬁomﬂf’ﬁeﬁ
desndmahanmardwiidaiameiies
msvanlasanlad 3vldRansonaraseuiaiinud
gardonmsithanma dusadlunssd 2 Taswot
anudutuvasiafinufioananaeduliaofie
ﬁLmﬂﬁmﬁwgaﬁmmﬁﬁamz 1.8£0.7, 3.1£0.6 ua:
3.5:0.6 lag3u1a3 S’T}aﬁﬂL‘flums;gzyl,ﬁﬂﬁ"wﬁmmm
Aoautdsmefayinuiosas 3.7, 13.1 uaz 13.2 lag
USanas fisannisdowiniiesooas 130, 230 uaz 330
pasSanasiafnsifadanindatu awidu 5
winfanmsgyiiofafimuinn wwilienududu
vaamaiimuluszvunaamaTinwildaaas [15]

% a (24 =)
3.5 aAIINSHAANITRING
NANIINARBIVAITZULUNINITAAAINDANID
muﬁ”mm:ﬁmm"‘iUuﬁnL‘é’mﬁﬁuﬁus:uucsnuquﬁvl,ajﬁ
MIAAINBRNNTIANTND wuiﬁ:uumuqﬂﬁﬁmﬂ
MINRAATRNUWLYINAY 0.148+0.043 gnmﬂﬁ’mm
wasgudsilansuvasudszmeilondnszuy Gelen
ganizuufiinsowinge Ntidunaunms
A o A A o gao o 2 o v 1a
gRsmoiinuiaeauidiaaig v lRUSuN

MBI NUIRIZUUNEAMTTINNEARS waLdaNIITIN
ATATINIIUUIULFIWANGAIING WLINNTIBUUNLEFE

go%uﬁﬂﬁé’mwmwamﬁ"ﬂmﬁmu@iaﬂ’%mmmamuﬁa
izmmﬂamﬂﬁ’muuﬁmgaﬁumu lasda1dasmsms
NAAMTRINWYNAL 0.102£0.013, 0.116£0.029 LA
0.124+0.036 gﬂmﬂﬁmmmmgmiaﬁ‘[an%’mamﬁa
sumpilawdnszuy fsanmsdowindeianas 130,
230 uaz 330 avUinasnsUnsaliatinwdoTn
AUET Sauaslnansed 3

A9 3 daMINEAeD mu’meia:msma &y

Recirculation Flow Total Specific

(% of Digester Methane Yield

Volume) (NmalkgVSadded)

Control (n = 5) 0.148"+0.043

130 (n = 5) 0.102"£0.013
230 (n = 6) 0.116"+0.029
330 (n = 3) 0.124"+0.036

RBLAG ANLaAIABALAAL+A1ANNLYTUTIN, n
ﬁaf{hmuﬁagaﬁﬁmﬁLﬂswzﬁmmﬁﬁ, A

A

foNaNALATIZRNIFD A
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MNaNTR 3 Lﬁaﬁwmﬁmﬁ:ﬁ“ﬁagammﬁﬁﬁw
4% One-Way ANOVA uuy Tukey fiszduninutiasin
Winnuiaeas 95 wu'jwmsmuﬁUuﬁnﬁmmuﬂaé{wﬁ
ﬁamﬁr‘hsn”lajdaNam:‘ﬂum’amiﬁwmwaaﬁﬁuﬂ%ﬂu
srUNAafTEInw iesanmimasasdanliuanen
uadIdnpdIAYY (P>0.05) FemoanansunuiToas
O'Keefe uazamiz [16] Alansnn 1 3imathamearim
sl iAenansznudannusmunsalumsmin
ﬂ'awaaqﬁuﬂ%ﬂm:uuu@iamol@ Tapfigasmsiion
idsauas 330 vasdSinasiafnsaliadaniw W
famInaamMolinudadiunavesudszinetanwian
FZUUFIFA

3.6 anaAaalwmMsEeeaaRisas iy
Hantszfiuanududnlunmsasinaduias
mpfauaasluased 4 daduwmssndegnsmain
AaaNtn s MTINAUTTUUNRAM ST AWLL Y
CMU-CD 21 1,000 gnuneflaas

A19191 4 ﬂ?iﬂinfl%ﬂ’ﬂNqﬂﬁﬂ%ﬂ’ﬁﬁ%’]dﬁﬂﬂ’] gD

CMU-CD CMU-CD with
Stripping Column
Capax 4,280,000 4,730,000
(THB)
Operating 725,000 1,593,000
Cost
(THBYY)

WINBLAG Lﬁuammm:ﬁﬂ‘ﬁﬁhUlum‘sriaaﬁ”wa”'m’éa
FIANNAVVBIRDNLWITULAT WA UINFIINUUATAIN
IAINENRLT Il

INATIT 4 WUINTTUUREATTTINIWLDD
CMU-CD #duasnulunisnaaing 4,280,000 un
funadutaamoiiiuaimuiesine 450,000 un
I@mmﬁ@&mé’uﬁﬁamUﬁ"ﬁeﬁﬁ]:ﬁﬂﬁﬁuamﬂuﬂﬁ
Aegaintutosa: 10 Mnsruufilufinisfnaonosuil
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tameme fanSuarlginesedvesrsuuniaiie
Fapwlarinnu 725,000 unael Fauaeauinane
Fafianlsanorindy 1,593,000 undetll Fsmndaa
aeduilisanofaasinldanldanodatlintuiosas 46
nnsruniliiinsaadneduliineie Gsnsiiy
Quamw,l,a:@i'ﬂ"ﬁahsmﬁﬂluriaﬁwﬂaﬁuﬁﬁamyﬁw
winiuSeuas 10 wazsasas 46 aumay e ldanu
T upeasinainulussuunEafTT A WA W
fovae 32 Waifsuduszuuiliimstadneduiias
aofe lagmunsaiivanududuvasmaimule
gigafauaz 74.5 lagd3nas WorReuiuszuulis
msfassneduidsmeaziinnududuvasiaiimulu
MaBimwiiesTasas 56.6 lasySunas WInAIuANeN
L/G Ratio Wi 2.92 uasdasmsiuwindominiy
sowaz 330 va9dSinasnslfnsaiiatiniwdaiu 1h
AITIARDATLIANTNNINADS

4. @ydnanInaasd
NaMIANENSAT T3 ewindeATide ANy
Watusasmatimuluisdinmwuazdsz@nsanns
ynnuvasszuuraafmafiwaninds lssnuemues
wuhmsiisdanmsdswindoriuaedusidane e
Ml nudutuasmatimulumesdinwiuuwl bk
Lﬂ'mgdﬁu TagfimsBouingssosss 330 vo9U5u1@A3
FalfnsnimaiinmndaTu mansafinanadudu
PosmMalinugegaiiuasas 32 lagdSunas nnidu
Sauay 56.6+1.0 I@uﬂ%mmmaaszuumuquﬁvlﬂﬁmi
fassnaduliimeme Wuanududuussfaiing
le3ouas 74.5:2.5 lasuTunas uazfimsgudoing
Sinufinesunidsnemainiuiosss 13.2 laSinas
ez dswinEriuaedulTinafaiarniame
asuenlaeanlod WidinadalaioTA T wwaITTULRAN
dosuuySeandanudatnila
nandsziliuanaduenlunisainenaduiing
fMofdnTulgINiuITULRRaMaE A T NLLL L 8RN
379 CMU-CD 2119 1,000 §nunemiiues WU LAY
ﬂaﬁuﬁﬁdmﬂﬁ”ﬁmﬁﬂﬁﬁuamuﬁaa%mﬁu"'ﬁufaua:
10 wazdnlEaneTintuions: 46 lasfadanw
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Alasdanuduiusasmatinuiosss 74.5 lagSnas
mﬂﬂ'mqué'mwmiﬁwﬁ%ﬁmwﬁﬁﬁaﬂa: 330 Va9
USanasdedJnsalfradinindeiu uazaiuquen
L/G Ratio tihiiu 2.92 lifasfiaaanszaziiaifuszuy

5. AaanIInNlszned

Imamﬁ%'ﬂﬁvlﬁﬁ'lL%Lm:m‘sqmui@]qﬂi:mﬁ
duanutndauazanuawanzinnaedie Gait

- UBUBUWTLAh nammﬁaaua’%umiaﬁﬂﬁwﬁamu
SN TN DUAZ NN 1911 NTENTIINEI ALK
nuganuuganyulazINTIie

- 2820UNIEQ I AudANUTWRAN T UNAING
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