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Abstract

Two identical laboratory-scale UASB reactors were used in this study to investigate
the effects of different wastewater sources on the start-up phase of UASB reactors, and to
investigate the effects of changing wastewater sources and running parameters such as the
organic loading rate, the hydraulic retention time, and the temperature on the operational

performance of UASB reactors.

During the initial loading, the UASB reactor treating sucrose-containing
wastewater needed a longer time to reach stable operation as compared to UASB reactor
treating lactose-containing wastewater. For the initial organic loading rate of
approximately 0.5 kg COD /m’- d, reactor RI needed 3 weeks to reach 80 % COD removal

efficiency while reactor R2 needed 5 weeks.

Changing the operation of a UASB reactor from one wastewater type to another,
especially wastewater with almost similar characteristics did not give any relevant impact.
However, sucrose-degrading granular sludge of an UASB reactor needed time of
acclimatization to lactose-containing wastewater to reach a stable level of operation,
presumably due to the lack of 5-galactosidase-producing bacteria, which was required for
lactose degradation. Since the methanogenic bacteria are strictly anaerobic organism and
live at an optimal temperature range of 36 °C to 40 °C, lower temperature and introduction
of oxygen into the reactor system will decrease the performance of UASB reactor. The
accumulation of fatty acids was also observed, indicating that there were unbalanced

activities of acetogenic bacteria and methanogenic bacteria.

Keywords: UASB reactor, anaerobic wastewater treatment, organic loading rate,

hydraulic loading rate, COD removal, anaerobic granular sludge



TABLE OF CONTENTS

T INTRODUCTION ... s s s s s s e e e mmmm s 1
1.1 Background Problem.........ciimiirsssssis s s s ssss s s sssns 1
1.2 Purposes of the Study ... ————— 2
1.3 Objectives of the Study ..o ————————— 3
2 THEORETICAL BACKGROUND: A LITERATURE REVIEW ............ccccevvveeeeeee 4
2.1 The Rationale and Principles of Anaerobic Wastewater Treatment........................ 4
2.1.1 Comparison of Anaerobic and Aerobic Wastewater Treatment...........cc.ccceeeene. 4
2.1.2 Microbiology of Anaerobic Digestion ProCess...........ccocvviriiiieeniciie e 5
2.1.3 Concept of Anaerobic Treatment Reactor Technology ..........ccccceveririiiieiiccneene 9
2.2 The UASB Reactor: Concepts and Important Aspects........ccccveerrrecerrcccrresersserseneas 10
2.2.1 The Concept of UASB ReACIOrS .......oviieieie e 11
2.2.2 Design Considerations of UASB Reactor...........cccoiiiiiiiiiiieeeeeeseeee e 12
2.2.3 Anaerobic Sludge Granulation in UASB Reactor ............cccoceiiiiiieieeniiceeec 14
2.2.4 Start-up of UASB REACHON........cceieiiie ettt 17
2.2.5 Parameters Influencing the Operation of UASB Reactors..........c.ccooviiviiennennnnns 18
3 MATERIALS AND METHODS .......coottuiiiiiiirrrrsnsessssssssss s ssssssssssssssssssssssnnnas 20
3.1 Laboratory-scale UASB ReacCtOrs.........cccomrrmmnimnsmnsnnsssss s s s sssssssssssneas 20
3.2 Granular Sludge INOCUIUMS.........cocciiimirrirs s 22
3.3 Wastewater SOUICE ..o s s n s n s sn s s s ean 22
B 301/ U Yo (=30 1 S0 T 7= - 1 Lo o 24
3.5 Specific Methanogenic Activity Test........ccccrniirimnrmnrn e 24
3.6 Analytical ProCedures..........cccrmrrminminmmnsssssssssssss s s ssssssssssss s ssssssssssssssssssnsens 25
3.7 Microscopical EXamination ...........cceecvermrrsmmnserissnrssssssssssssmesssssessssssssmssssssssssnssssneeas 26
3.8 ASSUMPLIONS....cooceeeciriccrrrrrr e s e e s s e s s s s s s sm e s e s n e e s e e san e e s smeensmnensannnnsmnnnsnnnnnn 27

3.9 Basic CalCUlations........ccooiiiiiieemciiicirrrrees e rrse s e e s s s sssssnssssar s e e e e s smmnsssssssrresrrssnnnnnnsnnsnrens 27



4 RESULTS AND DISCUSSION........cccooiimmirrrrninsssnn e annns 29

4.1 Loading REQGIMES......cccciimiimiiiiniciss s s sss s s s s sn s s sas s s s s sssneas 29

4.2 COD Removal Efficiencies and COD Removal Activities .........cccoereremmmrriiicrrrrreeneees 32
4.2.1 COD Removal Efficiencies and COD Removal Activities of UASB Reactor R1... 32
4.2.2 COD Removal Efficiencies and COD Removal Activities of UASB Reactor R2... 34

4.3 Residual Volatile Fatty ACids ..........cccomrmminmnnmnininin s 36
4.4 Methane Production...........cciiminmnsnsis s s sss s s s sssssssnssnas 39
4.5 Effects of Wastewater Change and Different Operational Parameters................. 42

4.5.1 Effect of OXYGENATION ......co.eiiiiiieeeee et 42

4.5.2 Effect of Organic OVErload ..o 43

4.5.3 Effect of Wastewater Change..........c.ooiiiiiiiiiee e 44

4.5.4 Effect of Temperature Change ............oooioeiiiiien e 45
4.6 Specific Methanogenic Activity Test.........cccciiiiiirsnns 47
4.7 Sludge Observation and Microscopical Examination ............cccccveimnimnsnnsnnssninnnns 48
5 SUMMARY AND RECOMMENDATIONS........coo i s s s 51
ES T TS T 1T 14T T 51
5.2 RecommEeNdations.........cccuciiiemnminssnsis s s s 52
6 REFERENGCES........ oot s s s s e e s s s s s s s e n e 54
N o 0. N 57
1.1 Loading Regimes and COD Removal Efficiency .........cccccrcmriimiininsnnsnnnnnsnssniinnns 57
1.2 COD Removal Activity and Biogas Production ...........cccccceremnninnnnnnnnsnnsssssesseesenns 61
1.3 Residual Volatile Fatty ACIids ........cccciiminimininnns s 65

1.4 Methane Production in Batch Assay for Specific Methanogenic Activity Test... 69



