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ABSTRACT

This objective of this research is to study the fermentation of food waste from enginecring
department canteen at Kingmongkut’s institute technology ladkrabang University. The food waste
was taken from building A. After all inert materials (unable to be degraded by microorganism) were
screened out from the feedstock, the feedstock was then grounded and mixed with seed sludge, which
was taken from a digester nearby. The mixing ratio of seed sludge and food waste was 1:2 by weight
(seed sludge: food waste). The expcriment was carried out within the digester made of stainless stecl.
The total volume of digester is 1.45 m' with effective volume of 60% of total volume. The
fermentation was carried out in batch basts.

From the results of the study, the maximum biogas production rate was found at the 7" day
of the fermentation of food waste. Total biogas production was 68-72 L by waste food is 0.65 m’ and
methane content in biogas and H2S concentration was 31-38% and 1027 ppm respectively. After 1
month of the experiment anothcr food waste was added into the digester. Mcthane was greatly

increased to 51-60% which H2S coneentration was rcduccd to 60 ppm total gas at 6 day is 70— 80 L.
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Tunsdnamsuasumlasgduuumsi@uszuy szdwaldszundoououus Isiinuan
o P ad i - 4 W o o
UAAEs1sEneuaUNTd (Organic Compound) (AR1513R 2.1) YlsznpuMsunaiinusay
= ad 3 ey 1
TTDUNTYTZMUNY (Volatile Organic Compound, VOC) VOC ﬂiznauﬁw ﬂiﬂ"lﬂmuszmuaw
) : o ¢ )
(Volatile Fatty Acid, VFA) mistsenov lulasauuasaisisenavudanes (Volatile Sulfur
Compound, VSC) @15 VSC inaninmstesasUsznoulysau (Gerardi, M. H., 2003)
- o A d? ras = ‘;y P a
MsfAUNTLMUILIYAULYAIYBNI NTNITUIATIIUL (ANUAUYITTOINIA 1 atm LAy
0°C) szuuuouneTstinaunsofdoumsdszneviugt cob Tudlu cn, Wiy 0350 cly ¢

a1 - - - AQq ¥ o w a ot o
COoD (cop  wostwmunetSumaendaunlddmivesnslasvmu T uud o

o ¢ 0w =
miuau"lﬂt)aﬂhmmzm) ALTUMTN 1
CH, + 20, — CO, + 2H,0 (1)

1INAUMIN 1 COD Ao luaveathinifo 2(32 g O,/mole) = 64 g O,/mole CH, NTN1IZUIATF U
o o I ' 1 s ;’,‘ o ] v oo
uRaiimuiiUSinasdoniaelua 22414 L daiuauyavesnisnlasy cop iWuudadimumiig

22.414/64 = 0351, CH/g COD mmmisnd nnlimasvownadimuiguupiaieg 1den

aun1sh 2

_ nRT
P (2)

v

Iﬂuﬁ V' =volumec of gas, L
N =mole of gas, mole
R = universal gas law constant, 0,082057 atm. L/maole. K
T'= temperature, K (273.15 + °C)
P = absolute pressure, atm

»
o

94U NOUVAIAUS S UILBULD 15110 35°C

q L'l

v (1mole}(0.082057 am. L/ mole. K)(273.15+35)K)
1.0amm

=2529L



vinaumsi 1 oz'1d CH, = (25.29 L)/(64 g COD/mole CH,)
=040L CH/g COD
wRadnmiufaimaiunsmlsznemlszing 65% suiuduamfadniwiinasy
FaMUAIRY (040 L CH,/g COD)/0.65 = 0.62 L biogas/ g COD Taudrlunsdiinsnilaseaiia
manfivoniide aunsedmauliania CH,, CO,, NH, uaz 1S Woinaumsi 3 Tawii i

sumIRoNT Wi mTumsdunsiiaaa [Metcalf & Eddy, 2003]

' X 3y oz row X 3y =
CHONS. + t‘—1+l—’——"+-~ H,O—)(L—l+l+—‘l+m)CH4+
¥ 42 4 2)° 2 8 4 8 4

(1_E+l’+§§l+;;]cor < YNH, +7H,S

(3)
' » [ ]
NH, fifavudnan wdwhilfnsodn co, uazwldeuliilu NH, uaz HCO, Asaunsh 4
NH, + H,0 + CO, —* NH, + HCO, (4)

a a | oy 3 -
Llﬂ$ﬁ"l‘11'l'iﬁﬂ1u3mﬁﬂﬁﬁ]uiﬂﬁ‘ﬂﬂﬁllﬂﬁ CH4, COZ Has st 1ﬂﬂ1ﬂﬂﬂﬂ15ﬂ 5-7

Jr-w—2v-Sv-2=
fcm = T -
8(1 - -+-,_) (5)
1. Av+w+ 2y Sy + 22
co, =
! Bv—-y+:z
(v—y+2) )
szS - 8(\’*‘_}"3* :) (7)



A1519% 2.1 Organic gases produced through microbial activity in anaerobic digesters

(Grady, C.P.L (1999)]

Name Formnla VFA VsC
Acetate CH,COOH X
Burtyrate CH,(CH.),CH,COOH X
Caproic acid CH,(CH,),CH,COOH X
Formate HCOOH X
Propionate CH,CH,COOH X
Succinate CH,CHOHCOOH X
Valeric acid CH,(CH,),CH,COOH X
Methane CH,
Dimethylamine CH,NHCH,
Ethylamine CHNH,
Methylamine CH,NH,
Propylamine CH;CH,CH.NH,
Pyridine CHN
Trimethylamine CHNCH;CH,
Allyl mercaptan CH=CHCH,5H X
Benzyl mercaptan CH,CH,5H X
Dimethyl sulfide (CH,).5 X
Ethyl mercaptan C.H.5H X
Methyl mercaptan CH,SH X
Thiocresol CH,C H,5H X
Thioglycolic acid HSCH.COOH X
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A1519% 2.2 Final clectron carrier molecule, energy yield and cell (sludge) production

[Visser A. (1994.}]

Final Electron From of Respiration Energy Yield Rank g of Cell Produce/
Carrier Molecule g of COD degrade
0. Aerobic or oXic 1 0.4-0.6
NO, Anaerobic or anoxic 2 ~0.4 |
50,” Anaerobic: sulfate 3 0.04-0.1
reduction |
Organic Molecule Anaerobic: mixed acid 4 0.04-0.1 O
and alcohol . '
Cco, Anaerobic: methane 5 0.02-0.04
production

#1317 2.3 Growth yields (as % of COD removed) [Visser A. (1994.)]

Substrate (waste) Yield
Alcobol 0.06-0.08
Carbohydrates 0.08-0.15 '
Organic acids 0.02-0.04
Proteins 0.03-0.06

2.4 9a¥3IMNVBN LR NuBl LN (Microbiology of Anaerobic digester)
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HEATINY FUMIWea, nsaReiin (HCOOH)
4CH,0H —> 3CH, + CO, + 21,0

4HCOOH — CH, + 3CO, + 2H,0
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1. Low-Rate Digesters Lﬂuﬁaﬂgﬂsunmuﬁugm Hszozauiunn (Hydraulic Retention
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RN13719N 2.6 Recommended volumetric organic loadings as a function of temperature for soluble COD

substrate for 85% to 95% COD removal, Average studge concentration is 25,000 mg/L [A. P. and

Amatya 2000]

Temperature, °c

Volumetric loading. kg sCOD/m’.d

VFA wastewater

Non-VFA wastewater

Range Typical Range Typical ;
15 2-4 3 2-3 2
20 4-6 5 2-4 3
25 6-12 6 4-8 4 :
30 10-18 12 5-12 10 1'
35 15-24 18 12-18 14
40 20-32 25 15-24 18

AN 2.7 Applicable hydraulic retention time (HRT) for treatment of raw domestic wastewater in a

4 m-high UASB reactor [A. P. and Amatya 2000]

Temperature, 0(‘

Average HRT. h

Max. HRT for 4-6 hpeak b |

16-19 10-14 V9 |
22-26 79 5-7
>26 68 a5 |

A13139 2.8 Upflow velocities and reactor heights recominended for UASB reactor [A.P.and Amatya

2000]
Wastewater type Upflow velocity, m/h Reactor height, m
Range Typical Range Typical
COD nearly 100% soluble L.0-3.0 1.5 6-10 3 |
COD partially soluble 1.0-1.25 1.0 3-7 6
Domestic wastewater | 0.8-1.0 0.7 3-5 5 i
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2.11 ﬂﬂﬁ’ssdlnﬂﬁsﬂ (Environmental Factors)
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WnTuLDIRuUM TR EMS R A Tanazmavhauveurad latudsgunginiia ieguvigii

' : o = o L] o
EIQﬂ’JTH‘H ﬂ’liﬂ’lﬂ’]utlﬂzﬂjﬁmﬁﬂgkﬂuIﬂ‘Fﬂsﬁﬂﬂﬂlﬁu@uﬂaﬂ%ﬁﬂﬂﬁ)ﬂ’lﬂ

v
= o

pamMimAuTzuteuue letind 2 423 Taun 30 - 35°C uag 50 - 60°C Tapgungliag
40 - 50°C nguuuARiBuRRARUATIMUI NI (Gerardi, M. H., 2003) duIngjezAuszuu
gapil 30 35 °C1NAT1 50 - 60 °C 1118990 Thermophillic bacteria in1udou Tuidanis
Wanunlawesilifedunadoy dnezilszavilgmilumsmuvauszunI§iwndn Mesophillic
bacteria SWazBeAngUIUATS naaaluA1s1eR 29 - 2.10 waznSouftumsdussunsEn g

Mesophillic digesters e Thennophillic digesters e luas1an 2.11

A15190 2.9 Optimum temperature ranges for the growth of methane-forming bacteria [Speece, R.E

1996]
Bacteria Group Temperature Range, °c
Psychrophiles 5-23
Mesophiles 30-35
Thermophiles 50-60
Hyper Thermophiles >65
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A15190 2.10 Temperature range for methane production for municipal anacrobic digesters [Speece,

R.E 1996]
Temperature, °c Methane Production
35 Opumum
32-34 Minimum
21-31 Little, digester going “sour”
<21 Nil, digester is “sour™

A5 1N 211 Comparison of mesophillic and thermophillic digesters [Speece, R.E 1996]

-

Feature ) Mesophillie digester Thermophillic digester
Loading rates Lower _ Higher
Destruction of pathogens Lower Higher
Sensitivity to toxicants Lower Higher
Operational costs Lower Higher
Temperature control Less difficult * More difficult

Thermophile  Hyperthermophile

Mesophile

Psychrophile

Growth rate

A A . ]

0 20 40 60 80 100 120
Temperature, °C

'
[N = N ]

1M 2.14 gUnansnavesgunginiimedaimsns Ay Tnvearad

[Rittmann tazMcCarty 2001]
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2.11.4. ANNABINITLINDINIT (Nutrient Requirements) A0HHZ INTITTIHUT IO
o a0 o oy o [ = =] 3 Py A d
waduuafiGeihdlueadilsenonilszanm 80% daufimie 20% YseneudwBunidms 9%
o e o ' 1 o o
nazetiunidms 10% gaslassadeesisdioveurad (CHON) weiisigaisuewily
< - 1 = ar
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& Eddy, 2003]
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15199 2.12 Elementary composition of bacterial cells [Speece, R.E 1996]

Element Approximate Percent Composition

Carbon 50
Oxygen 22 J
Nitrogen 12 |
Hyvdrogen 9

Phosphorus 2

Sulfur 1

Potassium 1

Sodium i

Caleciun 0.5

Magnesiwun 0.5

Chloride 0.5

Iron 0.2

Other trace element 0.3

d. ] a o = ] r 3 ] 3 1

ﬁ“l'i}ﬂ']“rf']'iﬂ‘d']L‘]Lj‘uETTHSUﬂTﬁlﬂ‘UTﬁ'ﬂﬂQL!UﬂﬂLﬁUﬁﬂlTﬁﬂLLUQ@ﬂﬂ\lﬂLﬂu 2 ﬂQM vlﬂllﬂ

- . . B . o o a ar ar ks

Macronutrient LE@E Micronutrient 53 Macronutrient ﬁﬂ%ﬂtﬂﬂﬁ?@ﬂWﬁWEHaﬂﬂW“ﬁ‘iUﬂﬁﬁdmﬁzﬁ
o 3 t r . R ]

wagd 14un ¢, N, S, P, K, Mg, Ca, Fe, Na 1t@s Cl @34 Micronutrient 1ALA Zn, Mn, Mo, Se, Co, Cu,

- . 4 [y o 4 a  ar r
Ni Ma® Vitamin @3Uunuimlunszuunmsduanluazmsnauvousy laivouwad dadiu

»
o a

1 4 r
COD: N: P yuognun1izussnnveaszuy Taeviahl 1000: 7: 1 uag 350: 7: 1 dmdy uioadny
¥ W Y A V@ . o w e 4 o o 3 v
WAL AL AIANUITHTUAIMUAIAY AU TTOMUINTIOIH 1T (N, P) ndvamsialag
=Y s 1 o s o ' o =) =3 o
RoseneIndadiuasnlsznouveuyad (@dredlimssna)lasiauudgiumsadiesad
dmsunumielasuiueuus Tsiinszu1a 5% §115T Micronutrient 1115 DA 1 IUAIIUADINT
p619%tarY 52110 0.02-0.03 mg/g COD @131 Fe, Zn 1A20.003-0.004 mg/g COD d1%51U Mn, Mo,

Se, Co, Cu, Ni [McCarty, P. .. and Rittmann, B. E,, 2001]
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Advantages of Mixing Digester Content

I. Eliminating or reducing scum buildup

2. Eliminating thermal stratification or localized pockets of depressed ternperature

3. Maintaining digester sludge chemical and physical uniformity throughout the tank
4, Rapid dispersion of metabolic wastes (products) produced during substrate digestion
5. Rapid dispersion of any toxic materials entering the tank (minimizing toxicity)

6. Prevent deposition of grit

A15790 2.13 Typical design parameters for anaerobic digester mixing systems [Speece, R.E 1996]

Parameter Type of mixing system Typical values

Unit power | Mechanical system 0.005-0.008 kW/m’ of

digester volume

Unit gas flow Gas mixing
Unconfined 0.0045-0.005 n’/m’ min
Confined 0.005-0.007 m"m’ min
Velacity pradient, G All 50-80s"
Turnover time of tank contents Confined gas mixing and mechanicat 20-30 min
Systems

2116, IauUFUAN (Retention Timej ii 2 aunlsidngmnyatesdunaludalfite

"] Solid Retention Time (SRT) 4z Hydraulic Retention Time (HRT) 1agh SRT (Juinaunieh
A ' ar oy i o A o’ =t A w o ar ama o ;
waiGoegudufasn da HRT (Junmwdsiinduvieadadogludulfse dualsviares

@ oo o - X=3 yéy te o -
91ﬂ%:ﬁﬂwuﬁﬂu‘ﬂﬁBlluﬂllﬂmu@gﬂﬂﬁﬂymxﬂ’]imuﬁgﬂﬂ

Methane-Forming Bacteria #840115038 1@ M5 UMIANAuaziRu$ 11 IuInn 1 MuaiiGe
v 1 » ]

nquill¥eandtan (g1 Nn 2.14) Asiumsauszuylinis i SRT deondd 10 Tu iesain
o & 1A o o
91992INAMIBLA (Washout) Methane-Forming Bacteria 99A31052 1 SRT Ao lainnud1figy
1 1.5 o oﬂI 1 - e & o ow 9/ a 3
A1 HRT sz livunvdnvasindowlednyasvesadas maunudinarudr W luszunild
= 4 @ o = E 9 yoA o o @
SRT svudiula deRvasnisiauszuunal SRT 1n Taud mivanuensnlunisiia aavuiagg

v » ]
U501 arRaNIzNLIINA1I5UNT52AY (Shock loading) NIBTA 1T WY MIMAUTUTY M5HL
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\: :ly =4 [ a -:: o t L -]
Vil HRT fiwanssaisinmslasuudainsa luusamuedn lunfatimu

AT1N 2.14 Approximate generation times of important groups of wastewater bacteria [Specce,R.E

1996}
Bacterial group Function Approximate
Generation Time
Aerobic organotrophs Floc formation and degradation of soluble orgamcs in 15-30 min
the activated sludge and trickling filter processes
Facultative Floc formaton and degradation of soluble organics in 15-30 min

Anaerobic organotrophs | the activated sludge and tricklng filter processes, |
bydrolysis and degradation of organics in the anaerobic

digester

Nitnifying bacteria Onxidation of NH; and NO,; In the activated sludge and 2-3 days

trickting filter processes i

Methane-forming Production of methane in the anaerobic digester 3-30 days

bacteria
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Parameter Unit Natural Gas Biogas (so~aCH, |
38%4 €O, 2% Other 1
Calorific value {lower) Mmel 36.14 21.48
Densiry Kgf'm] 0.82 1.21 i
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15 A9MIAY 2551 4 54.97 52.84
16 941 2551 5 64.83 62.19
17 d3n1a1 2551 6 74.11 70.95
L] o
9/ oV Ao =X s
°‘IlﬂyﬂﬂmﬂTmmﬂﬂlﬂﬂ"lm‘i]1ﬂﬂ1'§‘l"i31ﬂlﬂ‘lzl®1ﬁ1‘i
v v o A A
HANTINAADIA NUVUVHYDIIUNATINAUH 4 — 9 NG ﬂ{]]ﬂﬂ 2551
Qs n:;.:u f='l [ = o ' =y
Funianumwae ppadimu | msueulanenlyd | eandau H,S(ppm)
4 NINYIAY 2551 51.40% 46.21% 1.30% 53.00
5 AIANIAY 2551 58.93% 56.57% 0.15% 37.50
6 NINRIAY 2551 59.33% 57.07% 0.01% 36.00
7 AAYIAY 2551 58.13% 56.57% 0.01% 7.50
8 NINGIAL 2551 58.63% 56.37% 0.01% 0.00
9 NTNYIAY 2551 59.63% 55.97% 0.01% 0.00
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