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Abstract

Utilization of biogas product from starch industry wastewater can be problematic due to
relatively low productivity with methane content of less than 55 %. One of the reasons affecting
methane production is nutrient deficiencies in microorganisms. This research studied the
optimization of methane production from starch industry wastewater by addition of various ion
metals. The potential for methane production was investigated by adding 7 ion metals including
Fe, Ni, Zn, Co, Mo, Cu and Mn. The experiment included 3 groups, i.e. group 1, 2 and 3 that
contained 3, 4 and all 7 types of ion metals, respectively, at different concentrations (low, medium
and high) based on suggested literature. The process was conducted in batch fermentation, working
volume of 400 mL, with temperature controlled at 35+2 °C. The result shows that addition of 4
ion metals: Co, Mo, Cu and Mn at low concentration in starch industry wastewater is the most
suitable condition for increasing methane in biogas. The methane production potential increased
from 277+2 to 309+3 ml/gVS,y4eq OF increased 11.55% with faster production rate compared to the
control by 12 days of HRT. It is therefore one alternative to enrich methane content in biogas from

starch industry wastewater.

Keywords: methane; ion metal; starch industry wastewater; biogas generation time

¥

1. unin wiswgnanazUszns Iaglud wa. 2559 dn1sldy
Uagtudszmalnedinnudoinslandsnn wdsnuiiaduaind wa. 2558 Sevaz 2.6 ioil

a & | oA - a a o o A 8 v oa ' <
LWHUYUBYNE BLU B Lu@ﬂm’]"ﬂqﬂﬂqiuﬂﬁi@sﬂaﬂ J3unad 79,929 WURULNYULNIUILUAU T’JEJ']\TvLiﬂ

706



i 28 aviuil 4 wwey 2563

215815 IMermansiazinalulad

AL wEuinanTuieldululsemelaiiies
NOAUAIIUABINTT FI0AITUNTING 91U
pnausenadudiuunn Taglud w.e. 2559 dn1s
YUY IMNauUT U 74,452 WUR UL 8 UL
nifudv vieAnduyaen 680,868 druumn [1]
wasuunliunnudeinislangnudnafiuanndu
nnd é’qﬂguwmﬂszmﬂ"waq'qﬁ%ﬁmmwé’amu
nouny oradunmadenndefiazdarsannisfian
wavtuddud eud s endeeudu q 91n
Aausendld wazilunistisansununisndnly
N1ARRAIMNTTUKATAATIAT Iz aY wazlyl
JuglassasonisiauasugiavesUseing fg
wind Ysuradefiulovisduasunsldndsay
naunuinngy Tnglgaaiumuiaung s
NAUNULATNAIIUNLEDN W.A.2558-2579 [2]
iondndulddnsldndsnunaunuiinginiy
LagnsznTandanuldivuagnsmansiile
AUATUNITWAUINA IITUNAUNULAZNE 191U
maden Tnermuadmnglifiunisldndsny
nawnukazndunadenidusesar 30 veanns
Tdwdsnudugeiinelud wa. 2579 (3]
fraFinmdundsnunaunuedaniafile
PMNNSYRLEA18a1TdUNIgluan1gliennid lny
voudevdetndeiamnsotunldndafnedanim

16 1131ngeamnIsuwlIUeIvis whsuuadnd

TanMABNanNINITNYAT Y3 ONYNFIUAN 9

aaa

Wudu §935nsthundnfiefanmduisa
du1509An15T ymvendsnden dlog el
UszAnsnmuaznandni baaruisauiunldidu
wiasn§snuliiuasidomds Tnefsdanm 1
gNuIAf s au1saldiiguans enaunu
w&aulile 1.40 Aladed Weuwindsufiea

0.60 &n5 Whum 0.55 Gns uazfinenady (LPG)

707

0.46 Alaing [4]
Useinalnaifuusemainuasnssuuwazil
Tsanuulssundnadaeinianisineasegidusiuou
11N lngamzgaamnssuniswinutadud e
Feuszmalnodudndaudaiudzndsdieanse
Tngfiaaveslanuazasesdudu 1 Tuondenlunis
deeonunduniaiuiunii 10 U [5] arensiduln
YaIgRamnssunIsNanLduiudUends Saviln
yeudevienndsanlssnuintunniguiy [6]
Taomswanutls 1 diu neldiAnundeUssana 20-
35 QAUIANLIAT Faduidenialed (BOD,
biochemical oxygen demand) wazdlaf (COD,
chemical oxygen demand) ¢4 [7] OREUGEREY
winzaufiazthundns1edanin egelsiny
nsuanfwtInnganutgn dadrufiedivnu
Aoutnun Falusinaiedimuadetdesnii 55 %
wazfngdanmiaunine fuTualiifiemesie

M3 Uiy Tnednen1nnisnaniiedininay

v
=~ (K o wa

‘U‘L!E]qﬂUﬂmaﬂiﬁm%ﬁMUmﬂJaﬂﬁ%gﬁLLa%ﬁﬂ"lﬁgﬂ’]i

wiingae lawn fley gauunll snsidunIsuausie

Tulasiau NM1sNIUNEY viaveIUanin dnsIAse

[

a N6 & v = o a0
ussnansdun3d 1usu lneniduladefidfy

a N

AOANYNINASHNARNIYTININVRIIROAY Ao ¥l

q

ho]

warUTunavessilavelossu (trace element)

M39a191113594 (micronutrient) Gafinusndu

nogdunidluszuu Inearlunsedunisvinnues

a

aunIgnauumluaunndaitedvy ity

1

Wulavauloduazlawnnwaslunssuiunisasie

v

iy (8] dawalviydun3diuseansainlunisudn

v
= '

YRUAITOUNSIFIVY havaINalRTTUUA19TINING

Y

v '
=% =

AULADYTUINT UL BIINANUNTOANAINULTUTU

Ya3nsabusTuszme [9] wazlonandueidedinIn

| &

Afidndruftedmuiudy [10,11] laesinlane



Thai Science and Technology Journal (TSTJ)

Vol. 28 No. 4 April 2020

losaunandusaszuuiedinin lawn wan (Fe)

a a a

dnuiia (N) Tavead (Co) Tuauawa (Mo) Wudu

£ £
[ Y a A a

AaluingUizasrvesidel fe Wwulavsleosu
dieusulgsUssAnEnmnsnanfieimuluiie
nlssnugeamnssundaiudends naenauih
langlosauluussgndldauasdimunzauso

walulagluouansoly

2. 9Un3aluazIsN13IY
2.1 azneuianadunazinge

aznaudessduiildlunswmingesuuy
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Table 1 lon metals in starch industry wastewater
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o a aa o =

Foniifiona fuadnd dunedec Jminuassy
dun dA9les 10,052 ladniumodns wag pH
3.00-3.55
2.2 30157398
2.2.1 AnW1rdanasANU Ut uT0d
Tanglooouluide
undelssaugmamnssund sy
dzndiildluaudse Wetunsiaeulany
lesaluiideiidnsng q fuandunissd 1
2.2.2 MTUATIZN BMP
nsnmassndnannlunsnaniig
11U (biochemical methane potential, BMP)
naavsluung (batch fermentation) laausinlu
VINAUIUTUIA 1,000 TadanS F9fiUsumsnig
wein 400 a8ans AuunUsIIAsIEeRady 100

fadidns (Ui 1) nndudndndsudaiudUgnds

lon Concentrations
- (me/L) References

Fe 0.79 In house method based on APHA AWWA 2012

Ni 0.074 APHA-AWWA (2012)

Zn 0.57 APHA-AWWA (2012)
In-house method TE-CH-037 based on standard method for the

Co 0.005 examination of water and wastewater APHA, AWWA, WEF, 22nd
edition, 2012, Part 3030 E, 3120 B, 3125 B

Mo 0.005 In house method based on APHA AWWA 2012

Cu 0.094 APHA- AWWA (2012)

Mn 0.95 APHA- AWWA (2012)

708




i 28 aviuil 4 wwey 2563

215815 IMermansiazinalulad

PopHT

‘ Temperature control 35 + 2 °C

Sludge 100 ml

Wastewater 300 ml

Bottle 1000 ml Duran

Figure 2 Biogas Analyzer GA2000, Geotechnical
Instruments and Manometer MP 112,

KIMO

Table 2 lon metals concertation

lon metal concentrations based

on on suggested literature (mg/L)
Metals

Low Medium High
Fe 700 2,850 5,000
Ni 4 90 180
Zn 30 330 630
Co 0.4 60 120
Mo 0.05 35 70
Cu 10 85 160
Mn 5 750 1,500
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Groups Sets Names lon metal concentrations lon metals
Set 1 G1L Low
1 Set 2 GIM Medium Fe, Ni, Zn
Set 3 G1H High
Set 4 G2L Low
2 Set 5 G2M Medium Co, Mo, Cu, Mn
Set 6 G2H High
Set 7 G3L Low
3 Set 8 G3M Medium Fe, Ni, Zn, Co, Mo, Cu, Mn
Set 9 G3H High
Set 10 Control No ion metal addition
Table 3 Parameters for biogas production
Parameters Frequency Method references
pH Before and after the experiment pH meter
COD (chemical oxygen demand) Before and after the experiment Open reflux
Alk (alkalinity) Before and after the experiment Titration meter
VFA (volatile fatty acid) Before and after the experiment Titration meter
TS (total solids), VS (volatile solids) | Before and after the experiment Gravimetric meter
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seeditoud (g) (1)

2.2.4 fUsMNY IV
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CH,CH,OH (ethanol) + H,O =
CH,COOH (acetic acid) + 2H, 2
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CH4CH,COOH (propionic acid) +

2H,0 = CH,COOH (acetic acid) + 3H, + CO, (3)
CH4CH,CH,COOH (butyric acid) +

2H,0 = 2CH;COOH (acetic acid) + 2H, (4)
UfAsenuniluauddaidulfiserns

=

afafasimulaggdunidnguumludinuiowm

TuLau (methanogens) §99aun3gidinagniela

q

a
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gnvNeveINITUIUNTSEREAAN naqauniday
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u 7 e loun U§ATeIdnduresfneaiueila
sonlwanazdimuudvaunsafialaanugiizen
NsUANFIvBINIABEEAN laA19dmu wazhneg
afuaulaeenled faun1si 5
CH,COOH (acetic) = CH, + CO,  (5)
ullUfsiisen3sndufianiveu
Tasanlad duiglalasiauluiduiiedinu f
aunsi 6
CO, +4H,= CH, + 2H,0 (6)
2.2.5 aunsildlunsduinsmyinm
nsasuuiassing q Aldannuanisnaaes
(1) YFunavesudsszimededign

gosaay :‘U’t’]xﬁLL‘ﬁﬂiSLMEJ (L‘ﬁ’]) - SZJENLL‘l‘iﬂia‘jLV?EJ

o w

(90N) = VBN
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Y
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a1359unse (specific methane yield)
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Uoudnseuu ()]
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% BMP = 851N 1SHAAN 19T 10U
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UY9IA15BUNTE
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U 4 NUIYANIINARRINTANANER

Y

'
oA
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q

G1L (set 1)

320
280
240
200
160
120
80
40

Methane yield (ml CH,/gVS_,..)

—— G1M (set 2)

AneAINAISHARREHY 3093 dadansaansy
Yoaudszmeiivdowdn soeawwn Ao set 5 nio
G2M AFANIAIMNISHARN 1IN 28642 Haddns
sonfuredsszimeiivoud uaz set 6 wSe G2H
dAnenmnsuaniiedinu 22812 dadansnensy

< = v
Youudeseinentaudn

P

JUN 5 WUINYANTNAReINilANaNER
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ANYAINANSHANN WL LN 28245 AadansAoNTY
< a v & &
YoakdIsyineNUauld 5998980 Ao set 8 13
G3M HANYAMNANSHANN1TLWNY 24543 Hadans
ponsuvadassivevoudn wag set 9 se G3H
AFnenmAsHaARgTmY 215+2 Jadansnansy

YoaudaszieNvouin

3 G1H (set 3)

0 5 10 15 20 25 30 35 40 45 50 55
Time (days)

Figure 3 Methane yield and time (days) added ion metals group 1 (set 1, set 2, set 3)

e G2L (s€t 4) @ G2M (S€1 5) e G2H (€T 6)

320
280
240
200

Methane yield (ml CH,/gVS_,..)

160
120
80
40

0 5 10 15 20 25 30 35 40 45 50 55
Time (days)

Figure 4 Methane yield and time (days) added ion metals group 2 (set 4, set 5, set 6)
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~. 320 —— G3L (set 7) G3M (set 8) @@= G3H (set 9)
280
>
<
S 200
£
©
T

>

(]

C

©
<
@
=

0 5 10 15 20 2ime (dayd 35 a0 a5 50 55
Figure 5 Methane yield and time (days) added ion metals group 3 (set 7, set 8, set 9)
GIL (set 1) G2L (set 4) g G3L (set 7) Control (set 4)

2320
2 280 R
X 240 .
= v
S 200 —a
E 160 o
©
T 120

>

> 80

& 40 >4
£ R~ PR AE AN A LS LT 4
"g 0 ’\v‘j\vl\.l‘“’r‘"",.',.v..'ﬂi ....... 5

0 5 10 15 20 25 30 35 40 a5 50 55

Time (days)

Figure 6 Methane yield and time (days) added ion metals and no ion metals addition (control)
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Table 4 Parameters at started and finished the experiment

Sets
Parameters
Setl | Set2 | Set3 | Setd | Set5 | Set6 | Set7 | Set8 | Set 9 | Set 10
VFA started 0.44 1.23 1.52 0.43 0.44 0.48 0.56 0.81 0.78 0.48
Alk | finished 0.02 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.08 0.04
% CH,q Ratio |63.7 % |62.6 % |57.9 % | 67.8 % |64.6 % [63.7 % |64.3 % |56.5 % |55.6 %|62.3 %
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L
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=
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Figure 7 Biochemical Methane Potential (% BMP)
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