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CHAPTER |
IIRODDUCTION

1.1 General

At present, municipal solid waste is one of the thms®ious problems in Thailand
since large amount of waste generation due to rgymaling in population. Pollution Control
Department (PCD) also reported that there was akdutillion tons of solid waste generated
annually (Jaijongrak, 2003). Consequently, the eppateness of waste management should
be applied in order to deal with those prablemsdfis are the most widely used method of
solid waste disposal in Thailand..This is primadiye to-its ability to be designed, installed
and operated at lower eosis«than other solid west@agement alternatives. Moreover,
Landfilling can deal with#large amount of_wastedtm_] as the cheapest technique when
comparing with other solidéWwaste/management. litianfg as the concern of energy shortage,
landfilling can play a rolefas/ alternative, fuel Hye converting of organic into biogas.
However, landfill has its own prablems and is besegeloped to overcome problems such as
leachate, gas emission, odor, etc. Rroductionaahiate has led to many documented cases of
groundwater and surface watef'poflution, Landfilsgemission can lead to malodorous
circumstances, adverse health-gffects, explosivalittons, and global warming. Traffic,

dust, animal and insert vectors of disease anedriten are-objectionable to neighbors.

Under, the global*warming and the depletion obueses concern, many attempts of
renewable energy.are made 10 substitute naturaliress and.fossil fuel utilization. Biogas is
considered as one of the'favorable technique toskd-in Thailarid since it could both reduce
cost from waste treatment and capture methaneogfasther utilizedn generator and burner
system. In‘addition, by-products from biogas fertaton could be used as plant fertilizer, as
well.

Many communities, industries and animal farms iaterested to settle the biogas
project since most of their waste generated is vemgy to be degraded by anaerobic
fermentation to volatile fatty acid which is thebstrate for methane generation output.
Moreover, the investment cost is not too expensien comparing to the benefit output
from lower waste disposal cost and their energysaomption payment. Furthermore, Thai

government under the department of energy minisksp takes incentives to communities,
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schools and industrial owners who implement biqgagect by approximately 40-70% fund
providing to them. Figure 1.1 described the biogagject from anaerobic organic waste
degradation in one of Thailand industry. This pcojse fruit and vegetable waste input to be
fermented for methane gas being utilized insteadR$s in canteen. Table 1.1 explained the
detail of project investment and its benefit. ltultb be concluded that this project is so
interesting since it spends only one and half yeayback period. As the above details
indicated, biogas production from waste is verydderal to owner, government and world

environment. 1
\ /

Produce niethane gas = o]
= 35 m3/day Kfr[:en at canteen

Figure 1.1 BiogaSﬁroﬁt fronmone of Thailand industry

FINYNINGNG

However, thuelre are many problems after biogas prajeplementation due to the lack
of knowle@ W’n}@h& meﬁtﬁwlﬁ Bﬁi% %tﬁﬁilﬁ%}bw methane content,
acid accumulation and long fermentation period dhe examples from incorrect
management. Hence, appropriate biogas operatioh Imustudied and employed in order to
avoid all of those related problems.

At present, only a few researches on leachatectdation to enhance organic waste
stabilization with biogas maximization were fouddtempts to enhance the system were by
controlling environmental factors such as pH anttients that were not adequate for organic
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waste stabilization enhancement. Moreover, previuwks of leachate recirculation

development were only the guidelines to be employéd a lot of uncertainty since all of
those guidelines did not concern to the degradphbse and food input through leachate
recirculation so that the overloading or lower logd employment often occurred in
anaerobic organic waste degradation system.

The development and the improvement of high peréorte bioreactors have been
performed. However, several problems are to be ledndslow methanogenic organism
growth, instability caused by toxic substrate” ordwerloading, even though large progress
has been made, bad understanding of the proedsshiis largely recognized that control of
anaerobic digestion processes.is-a mandatory &egube of the possible destabilization of
the process due to disturbante.such as overloamiagcidental toxic feeding. As depicted
before, one of the key issues to he addressednimatiing anaerobic stabilization is to reject
the disturbances that can déstabilize the reaklance, this study purpose is to develop the
optimized anaerobic organie waste. degradation eyattempt of various leachate volatile

fatty acids loading through daily leachate reciaq:_ilmln employment.
1.2 Objectives: i h,

1. To define the optimum anaerobic org‘ar’1ic waste dkgian from various leachate
VFA loading input.

2. To study the relationship between daily VFA loadimgput and daily methane
production output on anaerobic organic waste degiaal

3. To define duration to reach optimum anaerobic agamaste degradation period from

VFA loading input development.

1.3 Scopes of study

1. Setting up 4 anaerobic organic waste bioreactor

2. Synthetic organic waste consists of fruits amgetables waste is loaded to each
reactor to assure accelerated stabilization andstablish the identity and maximize the

homogeneity of the refuse
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3. Various leachate recycle is daily employed dsitile fatty acid loading to compare
the impacts of each scheme on stabilization ra® gas production under acid phase
condition as
3.1 Daily volatile fatty acid loading of 1,225 mg #he control bioreactor based on
Jaijongrak study
3.2 Daily volatile fatty acid loading of 2,450 m@wice as much as control
bioreactor)
3.3 Daily volatile fatty acid loading of 4,900 r{igour times from control bioreactor)
3.4 Daily volatile fatty acid loading of 9,800 rigight times from control bioreactor)
4. Leachate recycle is employed to all‘reacCtorsetbam daily methane volume under
methane phase generation since this techniguens sutable than fix loading (based
on Rachdawong, 1994 and Jaijongrak, 2003 study)
5. The change of leachate recycle phase is reflebye number of parameters for

instance; methane velume, leachate pH and leac)are



CHAPTER I
LITERATURE REVIEWS

2.1 Principles of Decomposition in landfill

Solid wastes deposited in landfills decompose bgrabination of chemical, physical,
and biological processes. The decomposition: pradsoid, liquid, and gaseous byproducts,
all of which may be of concern In the overall masgmgnt of a landfill. The biological
processes acting on the organic materals withe#fuse commence soon after refuse
placement. However, interdependencies among tiee {hrocesses require that chemical and

physical processes also be considered along welbdical processes.

Physical decompasition of solid waste results fthebreakdown or movement of the
refuse components by physical degradatiOnJ-and @yritising and flushing action of water
movement. Upon reaching field capacity (the ‘mostiavel beyond which any increases in
moisture will drain by gravity), flow of di'slbdgedafuse particles occurs as a result of
pressure gradients, and diffusion‘as a result nféntration gradients. As the moisture level

of the refuse increases, additionat refuse padiére dislodged (Chain and DeWalle, 1997).

Chemical processes resulting in refuse decompaosiinclude the hydrolysis,
dissolution/precipitation, sorption/desorption, aiwh exchange of refuse components.
Chemical decompesitionsgenerally gesults«in @ltecheracteristics and greater mobility of
refuse components, thereby enhancing the rate iahwime landfill becomes more chemically
uniform (Chain and DeWalle, 1997).

Although both physical and chemical decompositbrefuse materials are important
in landfill stabilization, biological decompositias the most important process. Specifically,
biological decomposition is the only process thaidpces methane gas (Chain and DeWalle,
1997).
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Biological decomposition occurs with naturally geat bacteria. It is a complex
process within landfill sites, consisting of varsoiologically mediated sequential and

parallel pathways by which refuse is decomposeatmus end products.

The products of the physico-chemical and bioldgarad biological decomposition

processes are depicted on Figure 2.1.

Moisture Additions
MSW
(Wastes)
Heat
Decomposed
Solid Wastes ,
Contaminants
New v
Into Solution
Biomass Generated
(Leachate)
Gases

Figure 2.1 Byproducts of solid waste decompaosition (Chain BedlValle, 1997)

2.2 Landfill as a biochemical reactor

As a result of combination of processes referceith tSection 2.2, landfill is a form of
biochemical reactor, similar to an anaerobic dgesh a wastewater treatment plant. Of
course, there are potentially important limitatiamsthe degree to which the landfill contents
are mixed. I'he result4s variabilities'in Such gas as maisture, reiuse )age, and composition
in various locations within the refuse. Thus, knesge of moisture content, leachate
characteristics, and migration of the gas withifugse are essential to understanding the rate

and current status of the decomposition processes.

Biological decomposition takes place in three ssageach of which has its own
environmental and substrate requirements thattresaharacteristic end products (Chain and
DeWalle, 1997).



Aerobic Decomposition

Aerobic processes require the presence of oxygéms,Taerobic decomposition
occurs on initial placement of the refuse, whileygen is still available. Aerobic
decomposition may continue to occur on, and justvbethe surface of the fill, as well.
However, because of the finite amount of availaidggen buried within the refuse and the
limitations on air transport into the fill, aereldecomposition is responsible for only a small

portion of the biological decomposition within tiefuse.

During this first stage oi-decomposition, aerobicnmorganisms degrade organic
materials to carbon dioxide; water, partially deg residual organics, and considerable
heat. Aerobic decomposition is characteristicatiypid, relative to subsequent anaerobic
decomposition, and the oxygen demand- of this refaseigh. A general relation for this

decomposition is

Degradable waste +oxygen €O; + HO+ biomass+heat + partially degraded materials

Acid-Phase Anaerobic Decomposition (Nonmethanogenic

The second stage of refuse decomposition involaesltative microorganisms that
become dominant as thesoxygen is depleted. Thesgroonganisms continue the
decomposition processes. In this, the acid or geelig' phase, high concentrations of organic
acids, ammonia, hydrogen, and carbon dioxide avdymed. Acid fermentation prevails, with
characteristic ‘end products being high' levels' sbaa dioxide, pastially degraded organics

(especially organic acids) and some heat, as testhy the following equation:
Degradable waste—> CO, + H,O+ organism growth+ partially degraded organics

The production of carbon dioxide (high partial mua®) and large amounts of
organics acids result in the lowering of the pHha leachate to the range of 5.5 to 6.5, which
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in turn causes the dissolution of other organicd morganics. The result is a chemically

aggressive leachate with high specific conductance.
Anaerobic Decomposition (Methanogenic)

As the biodegradation of the refuse progresses,o¥ygen becomes depleted, the
redox potential is reduced, and the third stagereffise decomposition involving the
anaerobic methanogenic bacteria become dominangseltorganisms produce carbon
dioxide, methane, and water, along with seme f@aaracteristically, these organisms work

relatively slowly but efficiently. over many yeaksdeCompose remaining organics.

The methanogenic_bacteria utilize the products hef &naerobic acid stage, for

example, hydrogen,
49 +CO~>CH + H O

and acetic acid,
CH; COOH-— CHs +CO,

Consumption of the organic acids raises the pHheiléachate to the range of 7 to 8.
Consequently, the leachate becomes less aggredsaveically and possesses a lower total
organic strength. Organi¢ acids that cannot be wkexttly by bacteria are converted to
methane by an intermediate=step. Volatile“fattydacct as a substrate for methanogenic
bacteria, but high concentrations inhibit the gstainent of a methanogenic community and

at very high concentrations are toxic.

The methane bacteria that function in the methaniagstage obtain energy from two
reactions: (1) the reduction of G&rough the addition of Hto form CH, and HO and (2)
the cleavage of the GHCOOH into CH and CQ. Although energy is captured by the
microorganisms during this stage, very little sy#ils of new cell material occurs (McCarty,
1963).
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The time required for the methanogenic stage toneente may be from six months

to several years after placement. The shorter perod is associated with situations of
higher water content and flow rate. It is not wgrthowever, that instability in the system or

rapid variations in water movement may inhibit thethanogenic bacteria.

During the methanogenic phase, leachate charstotatly has a near-neutral pH, low
volatile fatty acid content and low total dissolv&alids (TDS). Small portions of the organic
refuse, the ligand-type aromatic compounds, arev dlo degrade anaerobically. These

compounds are important factors in adsorptionsamdptexation (Lu et al., 1984).

The methanogenic stage-does not mark the end dblygis and fermentation that
occurs in the acetogenicesstage. These steps centibut the methanogenic bacteria
population grows to a levekat which the bacter@é of consumption of the acetic stage end

products approaches the raté of production.’

Anaerobic Progcesses for biegas production
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Figure 2.2 Anaeraobic processes in landfill bady (Stegmann 5)99
2.3 Phases, of Landfill-Stabilization

Most landfills proceed through a series of ratheedgtable events which are
influenced by climatological conditions, operatiariables, management options and control
factors operative in the landfill environment (Pafd et al., 1983). These events can be
observed by monitoring certain leachate and gaanpeters which serve to describe the

following phases of stabilization:
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Phase [: Initial Adjustment

This period prevails from initial waste placemémtough the closure of the landfill
segment and to the time when environmental paramgtst reflect the onset of stabilization
processes. Incipient aerobic decomposition consunygen and produces carbon dioxide.

Phase II: Transition

During this period, field capacity is exceeded eegllar leaching begins. The oxygen
entering the landfill with the waste is depleted! aitransition from aerobic to anoxic and
anaerobic conditions occurs. Dufing this transitige primary electron acceptor shifts from
oxygen to nitrate and sulfate"and then to carbomidé. Reducing conditions are established

and intermediates such aswolaiile organi¢ acrésdippear in abundance.
Phase IlI: Acid Formation

The third phase is the period when_éidnificant ame of volatile organic acids are
produced by the continuing hydrolysis andrférméombf waste and leachate constituents.
The accumulation of high quantities of volatile__d;m'results in pH depression. Mobilization
and complexation are found to be the principal mems for increasing concentrations of
heavy metal species in the leachate. Essentiakentdr nitrogen and phosphorus are released
from waste and utilized at a rate commensurate liimass development. Hydrogen gas is
also produced and influences, microbial metabolisid #he types of intermediary products
being form (Chian‘and DeWalle, 1976).

Phase IV: 'Methane|Fermentation

During this period, the intermediate products emaeverted to methane and excess
carbon dioxide by the methane forming organism& fgH of leachate increases to neutral as
the volatile organic acids are converted principdath methane and carbon dioxide, and
carbonate-bicarbonate buffer system is again @bkshed. Oxidation-reduction potentials in
the Methane Fermentation phase are highly negativkare indicative of highly reducing

condition (Stratakis, 1991). Removal of heavy nsetlbm leachate by precipitation and
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complexation with sulfide and carbonate anions @eds. Excess sulfates and nitrates are
reduced to sulfides and ammonia (Pohland, 197%chate organic strength, as measured by
chemical oxygen demand (COD), biochemical oxygematel (BOR), and total organic
carbon (TOC), drastically decreases as a reswbldtile acids consumption. The methane

percentages, as well as the rate of gas produat®at their highest during this period.
Phase V: Final Maturation
This period follows active biological stabilizatiaf the readily available organics in

the waste and leachate. Nutrients may becoime figjitneasurable gas production creases,
v
oxidation-reduction potential may-slowly rise asrenoxidizing conditions are reestablished,

and the more resistant organics.may slowly degaadanfluence mobility of other species.
l
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Figure 2.3 Five phases of landfill stabilization. (Pohlandl&tarper, 1986)

2.4 Factors Affecting Landfill Stabilization

Microbially-mediated waste stabilization in lantHfil as in separate anaerobic
digestion processes, is affected by a number ¢dbfasuch as pH, temperature, availability of
nutrients, the presence of inhibitory substancesjsture content, and preprocessing

techniques. The effects that such variables havstalnilization processes usually manifest
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themselves in terms of leachate and gas chardasrihroughout the active life of the
landfill.

pH, a measurement of hydrogen ion concentratioa,dsicial parameter in anaerobic
waste conversion. The normal operational range54@® 7.6, with an optimum pH between
7.0-7.2 (Perkin and Owen, 1982; McCarty, 1964). e of an anaerobic system is a
function of both volatile organic acids and alk#linconcentrations, as well as the partial
pressure of carbon dioxide evolved during staltilira(McCarty and Smith, 1986). During
the Acid Formation phase, the carbonate-bicarboal&tdinity buffer system is displaced by
the volatile acid buffer system, resulting in adeabn in pH (Stratakis, 1991). This reduction
to low pH does not only affect.ihe rates of hydsay liquefaction, and gas production, but
also encourages mobilization of.heavy metals whiety be capable of inhibiting the overall

conversion process (Pohland eial:, 1983).

Temperature, anaerabic processes usually funatigitiher mesophilic (30 to 3&C)
or thermophilic (50 to 60C) temperatlre ranges (Kotze, et al., 1969). Hathamworkers
(1983) studied the rate of methane generation fsoha waste within the temperature range
of 21 to 48C and indicated that the optimum range wa%C41The optimum temperature
ranges for mesophilic anaerobic digestion repokgdcCarty is 30-32C (Torien, et al.,
1967). Parkin and Owen (1982) recommended thahaeeature as close to ¥5 as possible
be maintained during anaerobic process start-upraodvery from upset. Regardless of
operational temperatures‘chosen, consistency gddeature’is considered to be important for
maximizing stabilization . process, performance. Nthaless, .temperature fluctuation in
landfills is expected,since landfill ‘temperatuge ot regulatéd and usually exhibits the
influence of atmospheric temperature and insulgtimvided by surtounding cells as well as

cover layers.

Adequate supplies of nutrients, macronutrientogién and phosphorus, are needed in
larger amounts, whereas micronutrients such as, irookel, cobalt, sulfur, calcium,
molybdenum, tungsten, selenium, and some orgam&seguired in minute quantities for
bacterial cell maintenance and synthesis (ChianRe\alle, 1977). Nitrogen is needed for
the production of protein, enzyme, ribonucleic a¢RINA), and deoxyribonucleic acid

(DNA). Phosphorus is used to synthesize energygtcompounds (adenosine triphosphate-
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ATP) as well as RNA and DNA. Chian and DeWalle doded that the upper limits of

leachate COD: P and COD: N was 4,360: 1 and 38shectively. However, a COD:P ratio
of 2,200:1 was determined sufficient for anaeraligestion of fatty acids by McCarty and
Speece (1963).

The presence of inhibitory substances is anothercerm. Conditions such as
accumulation of volatile organic acids, high cortcations of ammonia nitrogen, sulfide, and
heavy metals, or the presence of toxic: substanee@mmon causes of failure in many
anaerobic digester operations. The extent Ol toxiof each substance is associated with

concentrations and forms, contact time, as weaeaiimation ability of microbial consortia.

Ammonia is normally the .decomposition product oéairor protein. Ammonia, a
source of nitrogen for anaerobic pbacteria, is siatouy to the biological reactions. However,
at high concentrations, it may be detrimental toraorganisms. Soluble ammonia gas, which
constitutes the majority offammonia_nittogen at k. Ipigher than 7.2, is inhibitory at
considerably lower concentrations. than the: ammaara Inhibitory effects have been
observed for ammonia nitrogen concentrations oD@ ,mMg/L, and concentrations above
3,000 mg/L have caused termination in gas prodactegardless of pH (Pohland et al.,
1993).

Sulfide in anaergbic treatment originates front thduction of sulfate or sulfur-
containing inorganic compounds or the introductminsulfide with wastes. Sulfides in
soluble form have beenireported|to cause:cessatigas production at concentrations in
excess of 200 mg/L; while concentrations of sollkide varying from 50 to 100 mg/L can
be tolerated in anaerobic.treatment with littlenor acclimation.required (Parkin and Owen,
1982). The presence.of heavy metals such as inoilesson.-this effect; since metal sulfides
can be formed and easily removed from solutiontegipitation.

Small concentrations of heavy metals are necedsaproper functioning of bacterial
enzyme systems. On the other hand, excess conib@méranay lead to damage due primarily
to the binding of metals with functional groups jmmteins or replacing naturally occurring
metals in enzymes. Heavy metals can combine witideucarbonate, or hydroxide to form

precipitates. Nonetheless, their mobility is alspehdent on pH and the extent of sorption
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and desorption, ion exchange, as well as chela#aotions taking place within refuse mass.

Usually, only heavy metals that exist in free catforms at concentrations above threshold

are harmful to microbial life (Mosey, 1963).

Although stabilization process may be impaired bme types of organic substances,
e.g., chlorinated hydrocarbons, studies by Poh(@®83) indicated that finite amounts of
halogenated organic compounds can be detoxifidanidfill environments through reductive
dehalogenation reactions. Yet, chloreform has Heend to be extremely toxic, even at a
concentration as low as 0.5 mg/L, and was.@ eafisehdbition in a number of anaerobic

waste treatment plants in England.

Moisture content is*considered important in aneierevaste stabilization processes,
since most physical and*bioehemical reactions oeculiquid phase or at the interface
between phases (Chiang€t al, 41977). Liquid alsaveseas a transport medium for
microorganisms and subsirate, jproviding contactorppity for reactions to proceed.
Sufficient moisture content is critical for rapiaBilization within landfills, and the optimum
ranges for maximum methane production were obsdryddewalle and coworkers (1976) to
vary between 60 and 78%. Typically, 25% moisture aislower limit required for
decomposition to begin (Yaron-et-al., 1984). Maources of moisture in landfill are from
rainwater or snowmelt infiltrating final covers, tea entering with solid waste, and water

contained in various types of cover materials.

Distribution.ef moisture*is also, an.important agpén _a_system with good moisture
distribution, longer contact time between microongen and substrate as well as greater
amounts of accessible substrate are €xpectedfingsin higher waster conversion efficiency.
This is evident'for landfills where leachate reglation Is employed, since this technique is
realized to promote a more thorough distributionnadisture throughout the refuse mass
(Pohland and Harper, 1986; Pohland, 1980; Leckat.£1979).

Mechanical volume reduction methods include shregldmilling, and grinding
decreases the size of solid waste materials amdadses the surface areas where bacteria can
attach and proliferate, thus aiding in decompaosifioocesses (Stratakis, 1991). Baled solid

waste tends to retard the flow of water and mayseauneven distribution of moisture,
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leading to less complete and slower biodegradafPohland et al., 1985). Sorting and
recycling divert nonbiodegradable portions of thidswaste, minimize channeling and short-

circuiting and maximize effective exploitation ahidfill space.
2.5 Indicator Parameters Descriptive of Landfill Sabilization

There are certain traditional indicator parametbet can be used to indicate and to
describe the presence, intensity, and longevigach phase of landfill stabilization. Both gas

and leachate parameters are monitored and analyztds purpose.

Chemical oxygen demane (COD) is a ehemical paramaticative of the organic
strength of leachate in tepgms of'the amounts oigeryneeded to obtain oxidation of the
chemically oxidizable fraciions: contained withinetivaste. The concentration of volatile
organic acids (VOA) is closely /related-to the bigdelability portion of the leachate
constituents, since during the Acid Forming phélise,majority of the COD is composed of
VOA. pH and oxidation-reduction potentiall(_ORP) greysical-chemical parameters and
indicative of the oxidation-reduction and acid-bmdition, respectively. Availability of
essential nutrients, nitrogen and,phosphorus, ssesaed through the analyses of leachate
ammonia nitrogen and orthophosphate, which areetheily available forms of both elements
(Chian and DeWalle, 1976).

The abundance of methane, carbon daepxitrogen, and oxygen in landfill gas is
also characteristic of« stabilization. Therefore, ewh considered along with a
aforementioned" parameters, the manifestation ofpgaduction during the predominant
stabilization phase (Phase 1V) is gbtained. Gaslymtion data are also used to evaluate
the extent'of wasietransformation as ‘organics canmeverted-to carbon dioxide and

methane.

The intensity of these parameters is dependem tp® prevailing phase of landfill
stabilization and is also influenced by operationsinagement strategies, i.e., moisture
management, buffer addition, and removal of inbilyitcompounds; the nature of the wastes;

and closure and post-closure methods eventuallyeap{ohland et al., 1993).
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2.6 Composition of leachate

The characterization of leachate provides imporiafarmation necessary for the
control of landfill functions and for the designdaaperation of leachate treatment facilities,
facilitates risk analysis of leachate impact on émeironmental should liners leak, permits
comparison of the impact of alternative landfillsdgn or operating protocol on the

environment, and discloses the interaction of lateparameters.

Material is removed from the waste mass via meshas that include leaching of
inherently soluble material,. leaching of solubleodgucts of biological and chemical
transformation, and washout oi-fines agrl1d colleiflee characteristics of the leachate are
highly variable depending en"the compasition of weste, rate of water infiltration, refuse
moisture content, and landiill deSign, operation age. These variations are demonstrated in
Table 2.1, where ranges in donéentrations of sicgnt leachate components are presented as

a function of stabilization phase:

Table 2.1 Landfill leachate concentratiﬁo'_;n' ranges as the tfanc of degree of

landfill stabilization (Reinhart'and Townsend, 199

=

Phase II Phase Il Phase |y

Parameter Phase V

Transition Acid Methane Final
Formation Formation Maturation

BOD, mg/L | 100-10,000 | 1,000-57,000 600-3,400 4-120

COD, mg/L " | 480-18,000 | ("1,500-71,0Q0 " '580-9,760 31-900

TVA, mg/L

as acetic acid +00-3,000 3,000-18,000( 250-4,000 0

BOD/COD 0.23-0.87 0.4-0.8 0.17-0.64 0.02-0.13

NH3-N 120-125 2-1,030 6-430 6-430

pH 6.7 4.7-7.7 6.3-8.8 7.1-8.8

Conductivity,

pmhos/cm 2,450-3,310 | 1,600-17,100| 2,900-7,700 1,400-4,500
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2.7 Related studies

Rachdawong (1994) studied on the potential forgisuaste carpets as part of cover
and liner system at municipal solid waste landfillsvo simulated landfill reactors were
constructed, one with leachate recycle and oneowitrBoth reactors were filled with food
waste to assure accelerated stabilization, estathlesidentity and maximize the homogeneity
of the refuse. The results showed that the leachete@culation management strategy
employment enhanced waste stabilization processasring in simulated landfill in terms
of the time period required for stabilization .adtke textent of stabilization obtained, as
reflected in gas volumes produced, gas preductetesr gas composition and leachate
indicators. Recycle reactor, whieh leachate wadaioned, buffered and recycled, promoted
contact opportunity for biomass.with substratefieats and moisture that could be used for
microbial growth and proliieration as opposed te #ingle pass bioreactor, which substrate
was continuously removedsfrom the system. In aodjtieachate generation from landfills
practicing single pass leaching would pose greatatment challenge and the possibility of

more adverse environmental impact if it was to @teifrom landfill boundaries.

Steyer and Moletta (1998) studied the control ofexnbic digestion processes
through disturbances monitoring. The purpose df stady was to develop a control strategy
for an anaerobic digestion processes. Their goal iwanaintain the loading rate as high as
possible and to keep low and stable the conceniraif treated effluent, the basic idea of
their strategy was to add disturbance on purposéemput flow rate and then analyzed the
response of some key parameters in ordef to determhether or not it was possible to
increase the loading rate."In the case of a negafiect of the disturbance that it induced an
overload of the reactor; the loading rate was desad whereas, in the case of no negative
effect of the disturbance, the loading rate waseased. The influent to be treated was a raw
wine distillery wastewater used in two fluidizeddoeeactors of different volumes (15 | and
120 | working volumes) to test the control strategist, the disturbance of higher organic
loading was applied to the process and the rebolived that the disturbance did not induce
noticeable changes in the output TOC concentrdierause of the small amount of carbon
added in comparison with the reactor volume. Ondter hand, the biogas response was
high enough to be detected and analyzed. The seqratiment was tested with the change
of the COD contents in the influent, together wiitle increase of hydraulic retention time,
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explains the increase of the organic loading ratktae result showed the significant biogas

increasing contributed to organic loading enhancenstep. Next experiment, the 120 |
reactor was monitored over a period of 10 monthih whe control strategy to study the
evolution of organic loading rate and the carbomaeal. At the very beginning of the
operation, the loading rate was increased verydhapBut at the same time, the carbon
removal dramatically dropped down showing thus aarload behavior. Then the system
automatically decreased the input flow rate; cooeatly, the carbon removal increased.
Since, the reactor seemed to have recovered a gmooval potential, the organic loading
rate was increased slowly up with the result efiligrbon removal efficiency. The hydraulic
retention time was studied and it seemed alse taranportant parameter for the overall
carbon removal. At hydraulic retention time ovendlrs, there was no significant influence
and the removal was closegd*to_ithe maximum. Beldsathlue, the carbon removal dropped
very quickly. The result shewed that the reactos were stable for long HRT and was more
subject to instabilities for Jow/HRT: The next erpeent was done with two different
perturbations of COD. The jirst one was done usimgsses diluted twice as influent input
COD and the second was done using raw vinassesrekudt stated that the absence of
response during the first disturbance was nornﬁm:lesihe combination of increasing the input
flow rate together with decreasing the input influeoncentration leaded to a stable organic
loading. On the other hand, using raw vinassesutirout the whole disturbance leaded to
double the organic loading rate and thus, to aifgignt reSponse of the biogas flow rate.
The influence of a change of the influent COD canicgion was also investigated to analyze
the reaction of the contral system when facingadsa underload or a sudden overload of the
process. The underload hias been done hy:dilubagrfluent by 2 resulted in a sudden
decrease of biogas flow."However, after a_few' cthe system was adapted to the new
conditions and regularly increased the input flaater the biogas increased considerably.
However, later the 'system was-stabilized, the otletrthen reacted to overload condition,
thus the input flow rate stepwised back to thaahitalue, the control biogas system returned
to normal operation. The VFA accumulation in aedigr was also considered. High organic
loading rates showed good removal performance walatively high VFA amounts.
However, VFA concentration over than 6 kg/m3 showddbition behavior through biogas

reduction.
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Benson and Othman (1992) studied hydraulic andhar@cal characteristics of a

compacted municipal solid waste compost. Laboratesis were performed to determine the
particle size distribution, compaction charact@sst hydraulic conductivity and shear
strengths of the compacted compost. Test havebalson conducted to evaluate the resistance
of compost to change caused by desiccation andzdremw, the effects of extended
permeation and the concentration of contaminamshied during permeation. The results of
the study show that compost can be compacted inteersse mass with low hydraulic
conductivity (2*10'° ms?Y). It is also more resistant to increase in hydcaubnductivity
caused by desiccation and freeze-thaw than.congpatsy. Compacted compost also has
greater shear strength than.compacted clay-theragolikely to remain stable on typical
landfill slopes.

Kommilis, Ham, and «~Stegmann (1999) suggested thantrolled leachate
recirculation, moisture and waste “composition cousbult in a balanced anaerobic
ecosystem. Leachate reCirculation and additiomotulums appeared to be effective if used

in combination with nutrient and buffer addition_.

Turajane (2001) investigated solid waste degradabiehavior. The comparison of
methane production efficiency from high solid amwéér digestion with and without leachate
recycle was performed. Batch anaerobic digestiors wperated for 200 days. Initial
conditions, such as quaantities and compositiorsobél waste'as well as of anaerobic sludge
seeded, were kept the 'same for both reactors. Thwene three phases of leachate
recirculation in the first phase,was up to ten pets of the moisture available in bioreactor.
The volume of leachate recycled “in 'second’ and jdetse were 25 and 50 percent,
respectively. Initial'amount of waste was 45 kghvilie density of 450 kg/m3. Increasing the
recycle ratios'from |16, 25 ‘and-50 percent resuiltedsing of ‘biogas: production to 25.74,
156.2 and 129.14 liters, with methane percentagdéOd88, 48.61 and 52.45, respectively.
Therefore, leachate recycle system was benef@iahhance the conversion of organic waste
to methane.

Jaijongrak (2003) studied the leachate recirautacheme in bioreactor landfill to
enhance gas production and reduce stabilizatioe fion organic waste. Three lab scale

bioreactor landfills were set up. First, the reeyckactor, based on leachate volume and
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percent methane at fixed step; second, the recgalegor, based on COD mass and volume of
methane in which the leachate volume was adjustedrding to the reactor’s output of
yesterday, and finally, the non recycle reactot.r@actors were investigated under methane
generation after pH is more than 7, ORP is less 880 mV and methane percentage is over
50%. The results from this research confirmed thatleachate recycling practice showed
higher efficiency in landfill stabilization as refited by gas production rate, methane
production rate, percent methane, and leachatedtati parameters, for instance, pH, ORP
and COD. When compared two leachate recycle scheimeseactor with recycle based on
COD mass and volume of methane had higher cumalatiethane production than recycle

reactor based on leachate volume and percenineéidixed step.

Teerachark (2005) situdied the compost utilizattondegradation of organic waste
contaminated with Lead.+#Four sSimulated landfill remctors were constructed to run
anaerobic organic waste degradation. First reazasrloaded with 7 kg as the control reactor.
Second reactor was loaded with 7 kg arganie wesie lread heavy metal spiked during acid
phase. Third reactor was loaded with 7 kg orgqra'stwplus compost liner. Final reactor was
loaded with 7 kg organic waste with Lead _s_pi-kedirthlacid phase and compost liner. The
result showed that Lead heavy metal effecté'dq tarumwaste stabilization since it was toxic
to biological system especially for acid phas_e_ irgion since heavy metal could leach
through acid leachate and damaged the bacferiatlgmrhen it was recycled. However, the
effect was reduced when compost was utilized stocepost has many fibers to adsorb heavy

metal.

Utapao (2005) studied the methane potential oit famd vegetable waste from
anaerobic biodegradation. Fifteen species of famt vegetable waste were preliminary
selected to, analyze for velatile sohd and lignontent to classify iito easy degradable type
through biodegradable volatile solids (BVS) anddhdegradable type through refractory
volatile solids (RVS) and the result showed thdibemge, celery cabbage, cauliflower, kale
were the easy degradable type since BVS propostias more than RVS content or low
lignin content has been found. In contrast, watanesa, water melon peel and banana peel

were the hard degradable type since the resultetidigh content of RVS or lignin.
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Valencia and Van der zon (2008) studied the effédtydraulic conditions on waste

stabilization. The mixed gravel, gravel in layemsymal density and low density bioreactor
were built to investigate the effect of differentdnaulic condition on the waste stabilization
process. The mixed gravel and low density bioreastowed the result of stabilization
enhancement since the recirculated leachate waser beistributed due to higher pore
availability, thus providing better conditions fonicro-organisms metabolism. This was
explained by the improved hydraulic conditions offtogenous mixture with gravel and less
density application which helped these simulatarsréach neutral pH levels faster. In
addition, the mixed gravel simulators (and .{o.soexent the less density simulator)
performed better due to an.increased moisturé gbntdich was caused by the constant
recirculation of such moisture.-in the mixed gragehulators, it was observed that the
leachate extraction process“never reduced its fietecity. In addition, these simulators
exhibited lower residual amnd lgachate earbon cadrtteamn the rest, suggesting better waste

degradation and transfer the'liquid to'gas-phase.

Stabnikova and Xue Yan-Liu (2008) studied anaeralgestion of food waste in a
hybrid anaerobic solid-liquid system with and with@eachate recirculation in an acidogenic
reactor. The result showed that'recirculationh® keachate in the acidogenic reactor was
proposed to enhance food waste anaerobic digestithre anaerobic system. Recirculation of
the leachate in the acidogenic reactor providedebaonditions for extraction of organic
matter from the treated food waste and enhanceterg Capacity preventing excessive
acidification in the acidogenic reactor. At the satime duing acid phase, the concentration
of VFA and COD_from leachate_recirculation bioreecis _higher than that from control
bioreactor. Hence, use of leachate recirculatiohm acidogenic reactor diminished time
needed to produce the same quantity of methaneOBy ¥h comparison with anaerobic

digestion of.food waste without recirculation.

Lo and Liu (2009) studied Biostabilization assessim&f MSW co-disposed with
MSW fly ash in anaerobic bioreactors. Three bioi@@cwere employed to examine the
effects of MSW fly ash addition on MSW anaerobigetition. Two fly ash was used as
bioreactor liner for 10 and 20 g per liter MSW,pestively; whereas, another bioreactor was
run as control for this experiment. The result sedwhat the ash-added bioreactors stimulate
gas generation rates compared to the control asaitedl through near-neutral pH values is

suitable for anaerobic digestion, possibly duelkalametal release associated with Oldnd
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CO;5 %, which could potentially provide buffer alkalinignd neutralize VAs produced. In

addition, higher VS indicates that the bacteriahownity, during the highly methanogenic
activity period, in the ash-added bioreactors watemtially higher than in control. This result
implied that potentially higher gas generation sat®uld be achieved in the ash-added
bioreactors than in the control. Released alkaltatse such as Ca, Mg, K and Na, as a
function of pH, for the three anaerobic bioreacteese in the range 50-2,500 mg/l, which
displayed optimal rather than detrimental effebsreover, it was further noted that fly ash
provided rather high specific surface with the ptisd to enhance the microbial habitat and
attack. As a result, gas production rate in theaaizted bioreactors was enhanced. From the
above results, it was concluded that enhancedwmasigiion rate by methanogenic activity in
the fly ash-added bioreactors.was potentially siat@gl by optimal alkali and trace metals
concentrations with near-peutral’ pH. These pheneniadicated that proper amounts of
MSW fly ash, co-disposed o co-digested with MSV@uld facilitate bacterial activity,

digestion efficiency and gas‘produciion-rates.



CHAPTER 11l
METHODOLOGY

3.1 Configuration of the simulated landfill reactors

The four simulated landfill reactors were consted using PVC pipe. Each reactor
had a diameter of 0.20 m and a height of 0.4 m tatal capacity of 12 L as seen in Figure
3.1. The columns were assembled with 0.28 m ouéeneter PVC flanges to provide support
for the top and bottom lids. A ceating of silicowas applied to the interior and exterior of

the flanged joints to ensure that the junctions levdne water and gas tight.

The reactors weresalso.€quipped with three ports,port at the bottom was used for
leachate drainage and sampling whi‘le ttijrge inldebworts were placed at the top lid to
collect gas, sample gas and add quUid by'usingsaihijtion system made of PVC. The
collection of the gas is conanected ‘with PE ‘"hosérap gas generation into inverted glass
cylinder.

)
I

Gas collection port 4+ [eachate recyclésport Gas sampling port

prmimiets

O @A ar ok

0.4 m

"[I" Leachate sampling port

|e—— 0.28 ™

Figure 3.1 Schematic diagram of anaerobic degradation bitweac

Landfill gas produced in the reactors was colle@ed measured by an inverted glass

cylinder method. This technique utilized one 0.§tass cylinder placed invertly in 1-L glass
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cylinder which was filled with confining solutior2@% NaSO,in 5 % HSOy) (Sawyer and

McCarty, 1989). The inner cylinder was lifted uritie level of the confining solution in both
cylinders equilibrated, and the amount of gas pcedun a certain period was indicated by
the volume occupied by gas in the inner cylindeza®or construction, anaerobic procedures

and experiments were explained in diagram 3.1.
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Construct 4 bioreactors for anaerobic
fermentation

|

Organic waste was shredded and loaded to 4 sironlati
bioreactors

l

All reactors were seeded with 0.2 L
anaerobicssludge

Y
Digesi0iganic waste for. 160 days

YV

Daily leachate VEA will be analyzed to define comication and

be daily recycled as VFA leading of 1,225 mg, 2,459, 4,900

mg and 9,800 mg; in‘reactor 1, reactor 2, reacemdBreactor 4,
respectively

vl
Leachate was applied based on daily methane vohfteethe
conditions turned to methane phase (pH>7, ORP<A280methane
percentage >50%)

v

Leachate in every reactors were analyzed for CODO
VFA, pH, ORP, VFA/COD, alkalinity, ortho-phosphat
total kjeldahl hitrogen

D .

\4

Gas.in every reactors were analyzed for. daily gedyztion,
cumulative'gas production, percent methane, dadthane gas
cumulative methane gas, daily methane gas per U&ify
loading, cumulative methane gas per cumulative Wailing

|

Develop the mathematical model

Diagram 3.1 Anaerobic procedures and experiments and expergment
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3.2 The reactor loading

Each reactor is loaded with 2.5 kg of shreddeddseiaste and 0.2 L of anaerobic
digested sludge obtained from Nong-Kham wastewagatment plant. The simulated solid
waste mixture representing typical solid waste cosition of Tha-Din-Dang market and
consists of 90% vegetables and 10% fruit by weidgttredded refuse of composition
presented in Table 3.Before solid waste was loaded into reactors, a 1 drameter holes
nylon screen was placed above the layer of 2 crmelier gravel at the bottom of each
reactor. Reactor loading and its daily operaii@s \@escribed in figure 3.2. The variations of
daily leachate loading under.acid phase were-dauimlg. First reactor operates as control
reactor loaded with 2.5 kg of simulated o?ganictwem’th leachate recirculation employment
as 1x VFA loading (1,225 ng) irom theoretical backgd (Jaijongrak 2003). The second
reactor is loaded with 26 kg of simulated orgamiaste with leachate recirculation
employment as 2x VFA loading (2,450 'rr'i"g). The thiedctor is loaded with 2.5 kg of
simulated organic waste with leachate rexc;irculaémployment as 4x VFA loading (4,900
mg). Finally, the fourth reactor is loaded withIR_gSof Simulated organic waste with leachate
recirculation employment as 3x VEA Ioadi-;_hg-‘ (9,80@)mAIl reactors were fixed those
loading until the condition was ready o met_ﬁén_aqehdegradation (pH> 7, ORP <-250 mV,

methane percentage >50%) with daily Ieachaftv_er emmoy based on daily methane volume.

Table 3.1Solid waste compositions in simulated anaeromeezictors

Type Total weight (wet) (kg) Percent (by weight)

White-stemmed ipomoea 0.75 30
Brassica chinensis 0.25 10
Chinese cabbage 0.25 10
Lettuce 0.25 10
Cow-pea 0.25 10
Tomato 0.25 10

Ka-Na 0.5 20

Total 2.5 100
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Biogas collecting A f/// Methane measurement by GC

Figure 3.2 The design and.operation Baat'resﬁi—the simulategerobic organic waste

reactor

3.3 Sludge Seeding
o
To initiate and enhance the. rate Sf solid wasteratigion and stabilization with
vy
methane production in e reagtor systeiﬁ,eadhoreaas seeded with 0.25 L of anaerobic

L n:,* L]

digester sludge collected fro Nohg—thgm municipalstewater treatment plant. Seed

YR

sludge supernatant characte sti.g;;s‘?é;re pré@ﬁmbte 3.2. This seeding procedure was

initiated on the refuse loading dgyﬁll rea,@l:g,;_

Q £
Table 3.2Anaerobic diégét‘er sludge characteristics _;

Param_ﬁter _ Analysis
Chemical oxygen demand, mg/L ] 7 1600 mg/L
Total solids, ma/l- | 4 1V UV 57024 mgi
Total Volatile solids, mg/L » 15904 mg/L
Alkalinity, mg/tla8 €acg 7| I 171717 17 7100 mg/&
Volatile fatty acid, mg/L as‘ aCet‘ic acid | rzmﬁlL
pH 6.84
ORP -151.7
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3.4 Examination of inputs and outputs from previousvorks

Table 3.3The application of anaerobic organic wastes de@i@d&rom previous studies

Methane volume/COD mg Methane volume/VFA ma

Previous study Days pH ORP (mV) Methane percentayeachate recycled (m)  (m CH4/ mg COD) (ml CH4/ mg VFA)

Rachdawong (1994)

Organic waste (Municipal soid wastes) 1-118 |4.98-59/176.0mVio-177.0my  2.9%-18.9% om NA NA
119-183 | 5.48-585 -56 mV 10 -147 m! 19.1-32.3% 150-600 0.004 0.017
184-360 | 5.60-7.07 -101mV {0 -228my  28.0%-59.89 12650 m 0.090 0.225

Jajongrak (2003) F 77

Organic waste (Frut and vegetable wastes) — . - i

-No leachate recirculation 1-195 |3.85-5.18 402mvid52.0my|  2.3%-4246% == om NA NA

-Plan A 1-185 |37L;64p 6mVio-25L5 m 2.2%-42.29% . 900 ml 0.000 NA

(Leachate recycle based on methane percentage) 1986655710 -266.4m\V/to-382. 4V 46.45%-53.2%%% Qi 0.005 NA

-PlnB 1188 5.05,6145 -86.2,MV {02498V . 5.5%3748) 60802 m 0.010 NA

(Leachate recycled based on dally methane volume-195..{6.64-6,98 - 157.8mV 1o -348.0 V. ‘7 35,69%-39.23% 007,000 m 0.010 NA

Teerachark (2006) F ri Ly | _

Organic waste (Frut and vegetable wastes) ' 1-9b 382-108.2 mV to <272.3 mp/*=. 2.3%:36.35% 0-350 ml 0.005 0011

100-123 | 682-7.40%224.0 m tg 4016 V. '.3'4,2-'7-%-55,26% 750 m-1,250 m 0.008 0.02L
Table 3.3 explained the application »of"énaerobigan'rc wastes degradation from
previous studies and tovexplain and define iéédﬁmbgas parameters from various leachate
recirculation employmenis. The study was invesaédatom Rachdawong (1994), Jaijongrak
(2003) and Teerachark (2006). Leachate environmeitaunder acid phase defined from
each study was quite similar that stayed underdnge of 4.98-5.85, 5.05-6.48, 5.42-7.37
from Rachdawong;(1994), Jaijongrak (2003) and" Tdeuk (2006), respectively. Leachate
pH range under methane phase was 5.60-7.07, 6164-6.52-7.40 and 6.95-8.10. Leachate
ORP under-acid'phase fronrall:studies was)quitdasitihat stayed within the range of 176
mV to -177 mV, -6'mV to -251.5'mV, 108.2 to -272r8/ and from Rachdawong (1994),
Jaijongrak (2003) and Teerachark (2006). Whilechatée ORP during methane phase was -
101.0 mV to — 288mV, -157.8 mV to -348.0 mV and 4Z2 mV to -401.6 mV from
Rachdawong (1994), Jaijongrak (2003) and Teerac20K6) study. Methane percentage
during acid phase from Rachdawong (1994), Jaijdn¢?803) and Teerachark (2006) was
2.9%-32.3%, 2.2%-42.29% and 2.3%-36.35%, respdygtivé/hile methane percentage
during methane phase from Rachdawong (1994), tagén(2003) and Teerachark (2006)
rose to 28.0%59.8%, 46.45%-53.29% and 34.27%-55.26%. The rdtaverage daily Chl
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daily COD mass loading was employed as 0.01 froam #\ Jaijongrak (2003) study. The

other studies of daily Ci dally COD loading employment was 0.004 from Rauckdng
work (1994), 0.005 from Teerachark work (2006) Tago of daily CH/ daily VFA loading
during acid phase was detected in Rachdawong (16K and Teerachark work (2006) as
0.017 and 0.011 respectively.

3.5 Importance of leachate volatile fatty acid stug

The process of anaerobic digestion” consisted o€ethsteps: solubilization,
acidogenesis and methanogenesis (Kim et-al, 2@08) involved continuous bacterial
reaction (Buzzini et al., 2006)...in the first stsplid organic materials such as food waste
must be solubilized for effegiive degradation bytgwious anaerobic microbial digestion. As
the second step, acidogenie bacteria produce featiem intermediates, mainly volatile fatty
acids, and lastly, methanefand carbon dioxide avelywed from these intermediates by
methanogenic bacterial " metabolism. In each stephefprocess, the gas production and
decomposition rates of erganic waste were ._infludnby environmental factors such as
temperature, pH and substrate concentration -(Korttemoal., 2009). During the anaerobic
fermentation reactor, VFA were the importaﬁtr‘mjdductions. Most of the CHproduced in
conventional anaerobic digesters was derived frdf guch as acetic acid and butyric acid.
It was known that Cllpreductions are affected greatly by degradaticdhvyeay of substrate,
so there were many- researches which were develegbaut it. During the process
biopolymers were initially: hydrolyzed and fermentedvolatile fatty acids (VFA), Hand
CO,, by the hydrolytic/ fermentative bacteria. VFA buas propionate, butyrate and
isobutyrate were|subsequently oxidized by acet@géaicteria producing acetate; ldnd
CO,, and finally these products are converted to, ® methanogens (Schink, 1988). As
shown in many: studies, the-conversion rates of VieAEBH, vary inthe order of acetic acid
(HAc)> ethanol (HEt) > butyric acid (HBu) > propicracid (HPr) (Ren et al., 2003). Before
being degraded to CHall VFAs are first degraded to HAc, and their eersion rates also
vary in the order of HEt > HBuU > HPr. Accumulatiaf HPr always results in failure of
methanogenesis (Ren et al., 2005). Among all V&stic acid and butyric acid are the most
favorable for methane formation, while contributioinacetic acid is more than 70%hanal,
2008. An unrestrained reactor operation could leadisturbances in the balance between

the different microbial groups, which might lead reactor failure. Leachate recirculation
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technique was realized to promote more distributibmoisture and substrate throughout the
refuse mass (Pohland and Harper, 1986). Leachaiteutation employed volatile fatty acid
mass loading in the system to promote methaneHyagever, loading rate increase signified
in VFAs which dropped pH and decreased activityhwitethanogens (Bueken, 2005). As
details above, VFA was the most significant paraméd control anaerobic degradation

system.
3.6 Moisture application and management

Preliminary analyses indicated that the-syntheticdsvaste had approximately 88%
of moisture content. The liquid.cellected at thétdam of each reactor on the next day will be
recycled to the top of reactor: This water applaraprocedure was repeated until the amount
of liquid introduced each day, would equal to theoant of liquid collected on the next day.
This date was then defined as Day O, er when itelicdield capacity was reached and
leachate production began. A sample of Iéac-ham frach cell was collected at that time and
analyzed for all indicator parametelsitially, I.ea;_:hate recirculation phase shift camah of
Jaijongrak (2003) was applied as the guide],in-éailﬁ/deachate recirculation volume that is
changed according to the degree of Wastr; étgtiﬂizaind gas production. At beginning,
leachate recirculation was attempted based '__o.n_ Alaxaijongrak study (Jaijongrak, 2003)
which was defined as daily volatile fatty acid lospl of 1x/(1,225 mg) from current study
and was shown in Table 3.4. Leachate variation>x0{2450 mg), 4x (4,900 mg) and 8x
(9,800 mg) was studied to define the variation é#AVoading input on anaerobic organic
waste degradation during @acid phase. In additiba, dttempt of leachate recycle based on
daily methane gas output-and.daily volatile fattidavhich based on Plan B Jaijongrak study
(Jaijongrak, 2003) ‘was shown in Table 3.5. This wakle after the condition in anaerobic
degradationwés turned to methane phase. Lea@wteulation volume and leachate loading

was described in Figure 3.3, Table A-1 and Figude Bable A-2, respectively.
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Table 3.4Leachate recirculation volume from plan A Jaijorkgstudy (Jaijongrak, 2003)

CH, Range Leachate Recycle Volume VFA loading
0-15% 0 0
16-30% 5% of initial moisture in system 1,225 mg
30-50% 15% of initial moisture in system 3,675 mg

Table 3.5Leachate recirculation volume based on daily nregtgas from plan B Jaijongrak
study (Jaijongrak, 2003)

CH, Range Volume of methane/ COD mass
0-15% 0
16-30% . ) —O002
30-50% o | 0:005
> 50% 0.010

Leachate recirculationwas developed through Jargdnstudy (2003) as the guideline
table from Turajane leachate recirculation for tfrand vegetable wastes (1998) and was
explained in Table 3.4 and/Table 3.5. Based-oniqnuevliterature review, Jaijongrak (2003)
studied leachate recirculation empleyment betweacHate recirculation plan A (Table 3.4)
and leachate recirculation plan B {(Fable 3.5). Resoplied that leachate recirculation as
initial moisture content from plan-A {Table 3.4j0$\h3d faster acid to methane with higher
cumulative methane volume during early phase uhgl condition was ready to methane
phase degradation. After suitable leachate pH-aiki @ould be established, leachate
recirculation plan B (Table 3.5) showed better ddgtion result as indicated from higher
daily and cumulative methane volume. Hence, inlgathate study was employed as plan A
until the condition-wasready-io;methane gas;g¢imaralhe-loading employment leachate
plan A from Turajane’ (1998) table” was “graduallyréased“which based on methane
percentage as the criteria for bactefia growth. d&%mnitial moisture’content was recycled
back duringinitial phase that methane percentagewnder/10-30%, Daily volatile fatty acid
loading employment adapted from Turajane (1998Yable 3.4 as 5% of initial moisture
content was explained in Appendix C that was equate 1,225 mg volatile fatty acid
loading. Leachate recirculation was varied to twees (2,450 mg VFA loading), four times
(4,900 mg VFA loading) and eight times (9,800 mgAVkRoding) to study the suitable
leachate recirculation employment on anaerobic rocgavaste degradation during initial
phase. Leachate volatile fatty acid loading waghiirnormalized as VFA loading / methane
output and organic loading rate in term of g VFAérl day for leachate recirculation
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application. Leachate recirculation plan B on methphase was indicated from leachate pH,

ORP and methane percentage. Criteria of methansepéstablishment were described in

Table 3.6 as following detail.

Table 3.6 Summary of indicating parameters on methane pbédandfill organic waste

degradation
Influencing factors Criteria References
Moisture Optimum: 6% and above Pohland (1986); Rees (1980)
Oxygen Optimum redox potential for methanogens:
-200 mV/ Farquhar and Rovers (1973)
SEVNIS S 4 Jaijongrak (2003)
2300 MY e Christensen and Kjelden (1989)
<-100mvV Pohland (1980)
pH Qptimum_pH_jer methanogenesis:
Pk Ehrig (1983)
> r 7o 8! Jaijongrak (2003)
641072 Farquhar and Rovers (1973)
Methane percentage Optimém methane for methanogenesis:
45%- 60% Farquhar and Rovers (1973)
4 4 C>50% % 4 Jaijongrak (2003)
| 50%%65%" Mata-Alvarez et al (1986)
Alkalinity Optimum alkalinity for methanogenesis: 2,000 mg/l Farquhar and Rovers (1973)
Maximtm organlc acid cdncentratlon for - Farqguhar and Rowers (1973)
methanogene5|s 3,000 mo/l i
Maximum acetic/ alkalinity. | ratio for Ehrig (1983)
methanogene5|s 0.8
Temperature Optimum temperature for methanogenesis;
40C Rees (1980)
41 C ——C5 Hartz et al (1982)
. 34-38C ' Mata-Alvarez et al (1986)
Hydrogen Partial hydrogen pressure for acetogenesis: ‘
< 10 atm Barlaz et al (1987)
Nutrients Generally adequate Christensen and Kjelden (1989)
‘ ICOD: P 2,200°1 McCarty and Speece (1963)
L0 ¢ T coDiNBgic 1 L 1|l «Chianand DeWalle (1977)

Table 3.6 was the summary of influenpging factors landfill organic waste
degradation. The optimum redox patential for metigemesis was-implied as -200 mV from
Farqguhar and Rovers (1973), -250 mV from Jaijong(@aR03) and — 300 mV from
Christensen and Kjelden study (1989). Redox paikdtiring methane phase was indicated
as — 250 mV which based on Jaijongrak work (2008®) @is was medium value between
Farquhar and Rovers (1973) and Christensen andldfjestudy (1989). Optimum pH for
methanogenesis was in the range of 6-8, 7-8, a#d/.@. from Ehrig (1983), Jaijongrak
(2003) and Farquhar and Rovers (1973), respectipélyfor methane phase degradation was
investigated as medium which referred to Ehrig @98nd Jaijongrak (2003). Methane
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percentage under methane phase was 45%-60%, > BA%Q%6-65% from Farquhar and

Rovers (1973), Jaijongrak (2003) and Mata-Alvarg286). Methane percentage from this
study was set as > 50% which refered to Juangla @0®4) and Jaijongrak (2003) and Mata-
Alvarez (1986). These criteria (pH > 7, ORP < -280 and methane percentage > 50%) was
set as the methane phase generation to employakeatirculation plan B (Table 3.5) which
based on daily methane gas output. Leachate réadiu plan B as Turajane guideline was
studied by Jaijongrak (2003) and it exhibited ggedult of stabilization time and daily
methane gas generation. The amount of leachateleegplume plan B corresponded to
organic loading which was daily adjusied «to. voluroE methane generation as the
employment of food input to be suitable to-methamig bacteria progress. COD mass
loading was converted to direct-food in;ut as VEAss loading and was calculated as the

example in Apendix C.

'1

- B

Leachate recirculation (ml) Ledchate regi}cu lation (ml)
1,200

1,000
800 .

600 I

Daysi1 o s 20 27'+34 40 46 52 58 63 69 76 82 89 94 -DI D8 4 L0 17 B4 U2 BO B5

‘ —=—Reactor 1 —a— Reactor 2 —— Reactor 3 —o— Reactor 4 ‘

......... Application of buffer neutralization
————————— Application of leachate recirculation based on‘rasthvolume in reactor 4

Application of leachate recirculation based on raathvolume in reactor 3
———————— Application of leachate recirculation based'on‘ragslvelume in reactor 2
-------- Application of leachate recirculation based on raathvolume in reactor 1

Figure 3.3 Leachate recirculation volumes from the simulatetherobic organic waste

reactor
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Leachate recirculation (ml)

Leachae VFA Loading (mg)
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......... Applicatin of-buffer neutralization

————————— Application-of leachate recirculation based on raathvolume in reactor 4
!

Applicationsof leachate recirculation based on raethvolume in reactor 3
-------- Application.of leachate recireulation based on rmathvolume in reactor 2

———————— Application of leachate recirc"ulation based on raathvolume in reactor 1
Figure 3.4 VFA loading employment thro,u':gﬁ" leachate recirdakatfrom the simulated

anaerobic organic waste reaciors.

rsrda

Simulated organic waste reactors wé'ré__é_mployetéstbvariable VFA loading inputs
to the system. Initially; leachate recirculation swemployed as in Jaijongrak (2003)
experiment which based on leachate recycle andanethercentage at fixed step with 1,225
mg VFA loading employment in current reactor 1 $tidFA loading of 2,450 mg, 4,900 mg
and 9,800 mg were varied in"reactor 2,"3" and 4peas/ely. Leachate VFA loading
depending on daily! VFA concentration analysis wolddof the varied amount of leachate
recycle volumesy Initially, deachate:wasall reviated, for3days untilghe field capacity was
reached. Daily leachate recycle volume was variedday 6 with” the“result of 154 ml in
bioreactorl, 303 ml in reactor 2, 554 ml in reac@oand finally 1,120 ml in reactor 4. In
addition, leachate recirculation would be varieddzhon daily methane gas volume after the
condition in bioreactor were in methane phase wischld initially noticed from pH, ORP
and methane percentage value. The characteristieachate recirculation based on daily
methane gas output has been attempt on Day 486Papay 76 and Day 81 in reactor 4
reactor 3, reactor 2 and reactor 1, respectively.

3.7 Sampling and analytical protocols
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Leachate and gas were produced in the simulatetfill reactors everyday as solid
waste degradation progressed under anaerobic asliThe quality and quantity of gas and
leachate varied as different phases of stabilinatb@curred. Therefore, monitoring for
changes in parameters indicative of landfill stabtion was used to identify the sequential

phases of solid waste degradation.

Leachate samples were collected from th&éoboof the reactors, and were analyzed
for chemical oxygen demand (COD), biolagical oxyggemand (BOD), pH, oxidation-
reduction potential (ORP), orthophosphate, tot&logen, alkalinity, volatile fatty acid The
daily temperature, daily gas preduction rate, aad gomposition were also observed. Gas
composition, measured as«pereent by volume, waermdeted for methane and carbon
dioxide. Detail about frequency.and method of asedyare listed in Table 3.7

Table 3.7 Methods and frequencies. of simulated anaerobiarocgwaste leachate and gas
parameters

Measurement | Procedure Frequency
pH pH meter Everyday
ORP ORP meter : Everyday
COD Standard Metlis - for the examination of water g§ Every3
wastewater # 5210,5210 (Titration Methad) days
Total nitrogen |Standard: Methods for the examination of water Once a
wastewater water and wastewater # 4500 (Kjeldalhivtd month
Ortho- Standard ' Mthods for the examination of water Once a
phosphates |wastewater water and wastewater # 4 month
(Vanadomolybdophospharic-Acid Method)
Alkalinity Standard; Methads| for the examination of water | Every 3
wastewater water and wastewater # 2320 (Titratiethigid) days
Gas production_ Inverted Glass Cylinder Method Edayy
Percent Gas Chromatography with TCD detector Every 3
Methane days
Water content [Standard Methods for the examination of water |Every week
wastewater water and wastewater # 2540 (Total sivied)
VFA Standard Methods for the examination of water | Everyday
wastewater water and wastewater r#2310 (Titratiethiod)
VS Standard Methods for the examination of water | Beginning
wastewater water and wastewater #2540 (Loss otiaghi and
the end




CHAPTER IV
RESULTS AND DISCUSSION

4.1 Leachate organic analysis

4.1.1 Volatile Fatty Acids

Leachate VFA (mg/l) Volative Fatty acid (mg/l)
20000

15000 -

10000 -

5000 | f

0 .
Days 1 8 13 19 25 33 39 45 518756 6‘2 6% 75 81 88 93 100 106 112 119 126 133 140 148 154

i ."J

‘ —a— Re#tofl —A—'Reactbr 2 —*— Reactor 3 —— Reactor 4

Sdia
......... Application of bnA‘I‘er neutrallzatfap

————————— Application of Ieachate reurcﬁﬁon based on raathvolume in reactor 4

Appllcatloq of Ieachate reC|rcuIat|on based pn ragghvolume in reactor 3

-------- Appllcatlan’a.qf leachate recirculation basegjeﬁ ragthvolume in reactor 2

———————— Application-of leachate recirculation basee on raathvolume in reactor 1
Figure 4.1 VFA variations, in ‘leachate produced, from the_saedl anaerobic organic waste

reactors.

Volatile ‘fatty @cids lare .the product of degradatiand ‘fermentation of organic
fractions in waste materials. Total volatile fa#tgids represent a significant fraction of the
biodegradable elements in leachate during the fcidation phase. The concentration of
volatile fatty acid is an important parameter te ttegree of stability of anaerobic process.
VFA data of all simulated anaerobic bioreactor sfaswed in Figure 4.1 and Table A-3

The initial VFA concentration in leachate samésrted from 2934, 3214, 3409 and
3068 mg/l in reactor 1, reactor 2, reactor 3 aratta 4, respectively. Leachate VFA rose to
the range 7,900-8,750 mg/l after 6 days of opendbefore the attempt of leachate variation
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has been made. The attempt of leachate VFA loaafii@25, 2450, 4900 and 9800 mg has

been daily loaded on Day 6 through leachate recycleactor 1, reactor 2, reactor 3 and
reactor 4, respectively with the result of gradpwallFA concentration increase. VFA
concentration from all reactors fluctuated in thage of 10,000-20,000 mg/I with the highest
concentration after 29 days of operation resultmghe parallel pH drop for all simulated
bioreactors and low methane gas production. Eveuagdin, volatile fatty acids were substrates
to generate the biogas, pH level during this pemothe range of 5-6 was not suitable for
methanogenic bacteria growth. During Day 1- Dayvatile fatty acid concentration with
high VFA loading input through leachate recircwatiin reactor 4 exhibited higher VFA
trend than other simulated bioreactors. The pHighiVFA loading bioreactor during this
period was in the same range.as the other bionsaitiat stood in the range of 5.43-6.21. In
contrast, the lowest VFA _leading input to reactorsliowed the result of lowest VFA
concentration in leachate as ndicated-from theage VEA concentration during Day 35
was 10370, 11161, 11427,.and/11606 mg/l in redctdr 3 and 4, respectively. Furthermore,
high VFA loading in reactor4 showed faster VFA mhwontributed to higher methane gas
generation since the VFA"during Day 60 was 12,18p1,nm.5,000 mg/l, 12,188 mg/l, 9,375
mg/l with daily methane gas generation of 76 -ml,n§]6 103 ml, 159 ml in reactor 1, reactor
2, reactor 3 and reactor 4, respectively. The tesuhfirmed that high volatile fatty acid
loading to bioreactor could be well utilized aslylaubstrate input to the system to produce
methane gas output. The attempt of leachate réatron based on daily methane volume was
made after leachate pH'turned to 7 and ORP wasrlthes -250 mV (Jaijongrak, 2003,
Teerachark, 2006) after Day 81, Day 76, Day 62 Bagf 48 in reactors 1, 2, 3, and 4,
respectively. Those envireanmental conditions wesgable to the methanogenic bacteria
growth and resulted to.the fluctuated volatileyatid concentration on Day 81 to Day 122
within the range of* 9,375 mg/I- 12,188 mg/l, 9,373,125 mg/l, 6,429- 11,250 mg/l and
5,833- 12,500 mg/l'in<eactors L, 2, 3 and 4, rempay. During this.period, leachate volatile
fatty acid was well utilized as substrate to beharé gas production, while the volatile fatty
acid was daily loaded though daily leachate retatcan resulting to leachate VFA
fluctuation during this period. After 123 days operation, leachate volatile fatty acid
concentration was gradually decreased as the refuftost volatile fatty acid utilization to
methane gas. During this period, reactor 3 andtoedk exhibited lower volatile fatty acid
concentration when comparing to leachate volaalgyfacid in reactor 1 and reactor 2 as

indicated from the result of leachate concentratioming Day 150 was 7,500 mg/l, 5000
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mg/l, 3,214 mg/l and 3,214 mg/l in reactor 1, 238l 4, respectively. Suitable condition for
methane phase in reactor 3 and reactor 4 was istiatblearlier than those in reactor 1 and
reactor 2. The cumulative methane gas output inotoe88 and reactor 4 were higher than
those in reactor 1 and reactor 2, as well. Findlig, anaerobic organic waste degradation
showed the stabilization progress since leachatgilofatty acid concentration on Day 160
dropped to 5,156 mg/l, 2,813 mg/l, 2,344 mg/l and842 mg/l in reactor 1, 2, 3 and 4,

respectively.

4.1.2 Chemical oxygen demand

Leachate COD (mgfl)

Leachate COD (mg/l)
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———————— Application of leachate fecirculationsbhased on ragthvolume in reactor 1
Figure 4.2 Daily'variation'of COP concentration from the, sileied-anaerobic organic waste

reactors.

Leachate chemical oxygen demand (COD) was mehsagen indicator of organic
strength. COD data of leachate from all reactoreevpeesented in Figure 4.2 and Table A-4
Appendix A.

COD concentrations were analyzed by average ektdilution value at 2%, 4% and

6%, respectively. The initially high leachate CO@ncentration from all reactors indicated
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that the solid waste added contained readily shigol organic materials. Initially, Leachate

COD was relatively high that started from 64,192,786, 63,648 and 63,104 mg/l in reactor
1, reactor 2, reactor3 and reactor 4, respectividlg. attempt of variable leachate loading was
employed after 6 days of operation which resultednball differences in COD concentration.
Leachate COD from high VFA loading bioreactors sashreactor 3 and reactor 4 had higher
COD concentration than low loading bioreactors sashreactor 1 and reactor 2. The VFA
was found to be a major contributor to the COD @nésluring Day 6-Day 50 since high VFA
loading input added the VFA concentration in biatea system and also showed the rise in
COD concentration, as well. Leachate COD/from alfrdactor was gradually decrease from
59,840, 61,472, 64,192, 63,648 ma/l on Day 9and3i010 mg/l, 51,130 mg/l, 57,010 mg/I
and 55,140 mg/l on Day 67 in.reactorl, 2, 3 antedpectively. The declining in COD was
relatively due to the anaergbi€ waste degradativin t#sult of biogas generation and the rise
in methane gas productions'Leachate COD during &¥ato Day 109 fluctuated in the range
of 43,010-51,520 mg/l, 46,400¢54,880-mg/l, 48,400200 mg/l amd 44,800-60,800 mg/l in
reactor 1, 2, 3 and 4, respegtively. After 109--dalfyeperation, Leachate COD concentration
from all reactors was decreased since volati!g_faxtids, the major contributor to COD, was
utilized as substrate for methane gas gene_r;atiﬁ)D Qecrease was predominantly observed
in reactor 3 and reactor 4 since those bioéé@fﬂ;bited higher cumulative methane gas
generation. COD concentration left after 160_.,dd.y_3peration was 32,480 mg/l, 28,000 mgl/l,
25,760 mg/l and 24,640 mg/l in reactor 1, 2, 3-4n|daspective|y.
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4.1.3Volatile fatty acid/ Chemical oxygen demand (VFAD)
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Figure 4.3 Leachate VFA/COD ratioc from thelsir'Jr'iuIated anaeramganic waste reactors.

Leachate VFAICOD-indicated-ihe-anaerobic-organastes degradation pattern and
was defined in Figure 4.3; Table A-5 Appendix A.

Initially, leachate YFA/€QD, en Day.d6:were 0:2020,.0:23 and 0.25 in reactors 1,
2, 3 and 4, respectively."Leachate VFA/COD 'in readt was slightly higher than leachate
VFA/COD from_other_reactors_since reactor 4 Showegh ability~of acid phase due to
intermediate praducts ‘that were faster-hydrolyzeit wvolatile fatty acid and were partly
utilized as substrate for methane gas generatiaily bhethane result on Day 16 that was 24
ml, 45 ml, 43 ml and 68 ml in reactor 1, 2, 3 andlgb supported the previous assumption.
Leachate VFA/COD trend in reactor 4 increased 9 (n Day 29 exhibited the highest
volatile fatty acid production potential during shperiod which resulted in lower daily
methane gas during Day 29 to Day 36 (29-64 ml). elww, after leachate buffer was
attempted on day 40, leachate VFA/COD graduallyreesed to 0.16 on Day 55 since

volatile fatty acid could be well utilized as sulasé for methane gas generation. This resulted
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in abrupt increment of daily methane gas in readtas indicated from daily methane gas on

Day 59 was 170 ml. Leachate VFA/COD in reactor @ seactor 2 was quite steady during
day 30 to day 55 that stayed within the range @#@.32 with low daily methane gas
generation. Even though leachate buffer was attesnph Day 40 in reactor 1 and reactor 2,
the system was not fast to utilize volatile fattydaduring this period. Daily methane gas of
reactor 1 on Day 59 was only 62 ml which was thieees lower than that of reactor 4.
VFA/COD down trend graph during Day 40 to Day 78catonfirmed this result since the
down trend slope was steepest in reactor 4, asdnaation of well VFA substrate utilization.
VFA/COD down trend slope in reactor 3 was steepantthat in reactor 2 and reactor 1.
Result indicated that fastest acid degradationema:ne phase occurred from highest volatile
fatty acid loading input in reacior 4. Hig;her vakatfatty acid loading input showed faster
degradation establishment,.as well. L eachate VFAI@@m all reactors tended to drop after
76 days of operation and therefore, exhibited aeliness of methane phase degradation. The
result of VFA/COD and daily méthane on Day 81 wds70107 ml in reactor 1, 0.20, 133 ml
in reactor 2, 0.15, 146 ml inreactor 3 and"_r;O.:lQ il in reactor 4, respectively. All reactors
were under optimized methane gas gener;tjor_n andezheimilar daily methane gas output
that stayed within the range of 60;1_?0 mI.:}é_E{'Déy,]Jeachate VFA/COD was 0.14, 0.13,
0.11 and 0.11 and 0.11 in reactors.1, 2, 3 an@spectively and could be considered low
since VFA substrate was almost depieted. HTer]cdy de@thane gas on day 157 dropped to
51 ml, 73 ml, 80 ml and ¥4 ml in feactorsl, 2 ﬂ anrespectively.

4.2 Leachate environmental analysis
4.2.1 Temperature
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Figure 4.4 Temperature profile during anaerobic fermentation
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Temperature was in the range of 25-@3throughout the experiments and was
dependent on laboratory temperature fluctuationse @mbient room temperature were
presented in Figure 4.4 and Table A-6 Appendix Airduthe majority of the experimental
period, almost all of the temperature fluctuatioaswn the range of 28-32 indicating the
optimum temperature ranges for mesophilic anaerdigiestion of 30-32C (Torien, 1967).
This suggested that effects on biological convarsiould be active under those conditions.

Leachate parameters analyzed and presented hegaitilzed for investigation of the
progression of landfill stabilization processespessally the degree or age of waste

stabilization taking place in the simulated reasior

4.2.2 Leachate pH
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......... Application’of bufferineutralization

————————— Application of leachate recirculation based on ragthvolume in reactor 4
Application ofdeachate recirculation-based-onmaatvelume in reactor 3
-------- Application of leachate recirculation based on raa#hvolume in reactor 2

———————— Application of leachate recirculation based on raathvolume in reactor 1

Figure 4.5pH of leachate from the simulated anaerobic orgamiste reactors.

The pH of anaerobic system is a function of thetaxy buffer system and component
species ionization. The predominant pH is dependgrun interaction between volatile
organic acids, alkalinity, and partial pressureegblving carbon dioxide gas. In the acid
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formation phase of landfill stabilization pH valuase normally low due to the presence of

volatile organic acid and their buffering effects ystem pH. When the available VOAs are
converted to methane and carbon dioxide during ametifermentation phase, pH usually
raises to values characteristics of the bicarbobattering system. The pH of leachate from
all reactors were shown in Figure 4.5 and Table Appendix A

pH started up in the range of 6.67 to 7.62 asinktelly raw waste characteristic.
However, leachate pH was abruptly dropped to 5056.72 after 6 days of operation which
contributed to the extensive hydrolysis reactiothwacid production occurrence. After the
leachate variation has been.used on Day 6L cagitaten every bioreactor showed the
similar trend graph which contributed to the saread graph explicitness within the range of
5.43 to 5.88 during 40 days+of operation as thalres high volatile fatty acid presented in
every bioreactors. Moreavery the high VFA loaditimough high volume of leachate
recirculation did not affeci/to the /pH-drop in siated anaerobic bioreactor due to its
buffering. The leachate pH during Day 31'f[o.--Dayi|40igh VFA loading reactor (reactor 4)
was higher than the other bigreactors. In adldilﬁbe,attempt of leachate neutralization was
occurred on Day 40 with the result of graduél pKerdo 7 in high leachate recirculation
bioreactor (reactor 4 after 49 days, reactormé; &days). pH from other bioreactors were
relatively constant in the range 6.0-6.5 during'_I_ZI.Qyto Day 62. High VFA loading related to
high buffered leachate recycle that was recirédlalled distributed back into reactors which
assisted buffering in the.System. Leachate pHaectoe 1 and seactor 2 was turned into 7 after
73 days of operation explicated the slower anaerdeigradation when comparing to the
leachate pH system in reactor,3 and reactor4 smezBum pH in leachate shows the suitable
environment condition_during. methane phase deg@dateachate pH in every bioreactor
was stable in the range of 7.00-8.24 during Dayo/Bay 160. This suggested that effects on

methane gas generation, would be active under itmsditions.
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4.2.3 Leachate ORP (Oxidation Reduction Potential)
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Figure 4.6 ORP in leachate from the simulatéd Najlnnaerobic acgaaste reactors.

Oxidation-reduction . potential (ORP)'J was measuredindicate the oxidizing or
reducing conditions prevailing i the fandfill beactors: Once the trapped air introduced
with the refuse was depléted, the simulated lainsif§tems became anoxic, and proceeded to
anaerobic. Then, the ORP became negative. MeadDR¥E values for all reactors are
presented in figureé 4.6 land Table A28 Appendix e transition-from oxidizing to reducing
conditions in the four landfill cells was considtemith the development of acidogens,
acetogens,.and, methanogens.-which gave. rise.-tougaiiiermediate, and final products
influencing the change'in ORP value:.

The initial value of leachate ORP was 5.2, 8.4,ah@ 5.6 mV in reactorl, 2, 3 and 4,
respectively. Leachate ORP in every reactor wasplyrdrop to -168.4, -174.6, -196.5 and -
182.5 on Day 6 which preliminary due to the oxyges been depleted and the condition was
turned to anoxic and anaerobic, respectively. Titengpt of leachate loading variation has
been made on Day 6 which resulted to different @R&racteristic. During early acid phase,
leachate ORP from high VFA loading input to rea@@and 4 showed more negative of ORP
value than low VFA loading input to reactorl ancater 2 inferring that high leachate
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recycle volume can exhibit more reducing condition anaerobic degradation system

especially for early acid phase during Day 7 to B@ywith the result of higher biogas
production and higher methane percentage, as WweHdchate ORP from all bioreactors
fluctuated in the range of -100 to -210 mV durimgdgohase meaning that the environmental
system was still not be suitable for methanogeractdria growth since almost key
parameters in the system were predominant in tidab&n form as indicated from stable low
methane percentage in every bioreactors. Consdygutrg attempt of leachate neutralization
has been attempted to all reactors on Day 40 weiglicit the high negative ORP value
within the range of -339.1 mV to -372.6 mV in.remct after 54 days of operation. Whereas,
the ORP value from other bigreactors was Iess @s@en the range of -134.7 mV to -191.0
mV ,- 140.1 mV to -219.8 mV/,.-434.2 mV to -237.0/nm reactor 1, reactor 2 and reactor 3,
respectively. High daily volatilesfatty ‘acid loadinnto reactor could enhance the faster
anaerobic degradation singe the ORP value in redoteas much more negative emphasized
the reducing condition in thé anaérobic system émdiance the methane phase degradation.
ORP was turned to more negative than <250 mV windrcated the methane degradation
readiness (Jaijongrak, 2003) in reactor 1, 2, S{I_aaﬂer 80, 75, 71 and 51 days of operation,
respectively exhibited the faster anaerobic éciasphdegradation from higher leachate
volatile fatty acid loading input as,indicated frdshm result of ORP after 71 days of operation
was -195.0, -228.3. -258.2 and -394.7 mV par_e}ll_dadledaily methane gas generation 61, 81,
137 and 140 ml in reactor 1, 2, 3 and 4, reépdgti\lla‘ter the attempt of leachate volatile
fatty acid loading contributed to the daily metha@s outpui has been made, ORP from all
bioreactors could stand higher negative than —i@¥Gsince the ORP value during Day 80 to
Day 123 was in the range 0f(-223.1) to (-404.%), 1f1271.6) to (-447.5) mV, (-252.3) to (-
479.5) mV and (-328.1) to (-478.5) mV in reactor?l 3 and 4, respectively. This condition
exhibited the optimized environmental condition fioethane phase degradation and could be

utilized to Create the mathematical'-model for me¢hgas /generatioin system.
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4.2.4 Leachate Alkalinity
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Figure 4.7 Leachate alkalinity from-the simulated anaerobgaoic waste reactors.

The alkalinity of water is a measure t'sf capacity’ to neutralize acids and is due
primarily to the salts of weak acids. If the acmheentrations (HCOs; and VFA) exceed the
available alkalinity, the landfilling bioreactor Wesour. This will be severely inhibiting the
microbial activity, especially the methanogens. Wheethane production becomes ceases the
VFA may continue to accumulate. Methanogens preéarly neutral pH conditions with a
generally accepted optimum range _.of approximatel-&2 Gpeece, 1996 The total
alkalinity of leachate’-during the, acid formationagh is deminated hy the volatile organic
acids and the associated buffer system due toigfmecloncentrations present and the fact that
they are stronger acids than those constituting icarbonate buffer system. The total
alkalinity concentrations are presented in Figuieahd Table A-9 Appendix A.

The initial leachate alkalinity from four bioreac$ was 4,545, 4,250, 4,474 and 4,596
mg/l as CaC@in reactor 1, reactor 2, reactor 3 and reactoedpectively. After frequently
leachate has been recirculated to all bioreactbes)eachate alkalinity slightly increased to
7,000, 7,500, 7,727 and 7,857 mg/l as CaG@Gfder 21 days of operation; however, the
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alkalinity during this period was competitive witblatile organic acids as the total alkalinity
was quite stable in the range 7,000-9,000 mg/l&S @ during 38 days of operation. As the
result of leachate neutralization, alkalinity onyD# rose to 8,889 mg/l, 10,556 mg/l, 10,500
mg/l and 10,000 mg/l in reactor 1, 2, 3 and 4, eetipely. The rose of alkalinity would be
helpful to the pH balance in anaerobic bioreacystesn since alkalinity would compete with
volatile fatty acid and carbon dioxide partial e in order to balance the acidic condition
in the system. The alkalinity from all reactors destrated similar trend graph that quite
stable in the range of 7,500 mg/l to 11,875 mgfirduDay 40 to Day 63. During Day 73 to
Day 160, leachate alkalinity was quite stable wiitiie range of 9,286-11,875 mg/l, 10,000-
11,875 mgl/l, 9,375-10,714 mg/l and 9,286-13,571Limgreactor 1, 2, 3 and 4, respectively.
This alkalinity could adequately-ecompete to vo&tiaity acid and carbon-dioxide partial
pressure during methane phase‘generation as lediéatm the pH value that could settle

above 7.
4.3 Leachate nutrients analysis

Nitrogen and Phosphorus are the es's-éntial nugrieguired for anaerobic organic
waste stabilization. Nitrogen'is,needed forr.: fhgdpction of protein, enzyme, ribonucleic
acid (RNA) and deoxyribonucleic acid (DNA)._ Phospi®is used to synthesize energy-
storage compounds (adenosinetriphophate- ATP) dsagdRNA and DNA (Chain and De

Walle, 1976). Result of leachate nitrogen and phogjs were explained as following detail.
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4.3.1 Total kjeldahl nitrogen
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Figure 4.8 Leachate total nitrogen from the _si_'m-'ulated anaerofganic waste reactors

The total kjeldahl nitrogen is the combination ahmonia nitrogen and organic
nitrogen. Ammonia nitrogen Is a readily availakﬁ)enﬁ for. microbial utilization of nitrogen,
and is produced from decomposition of organic ni@eiconiaining nitrogen. Nitrogen that
represents in organic materials is called orgartrogen. Measurement of total nitrogen was
performed to assess nutrient.availability in sinredalandfill reactors. The results of analyses
are expressed in'mg/L of-nitrogen and are presantéigure 4.8'and Table A-10 Appendix
A.

Initialy total nitrogen was 1,205, 1,316248 and 1,210 mg/L In reactor 1, 2, 3, 4,
respectively. The initial leachate total nitrogewni all reactors was similar, suggesting
uniformity in refuse composition. However, leach&béal nitrogen seemed to be different
after daily leachate volatile fatty acid variatidieachate total nitrogen result on Day 45 was
1,583, 1,644, 1,824 and 2,006 in reactor 1, 2, @ 4nrespectively. Highest leachate total
nitrogen nutrient was observed from highest dadlatile fatty acid loading in reactor 4 since

highest daily leachate volume was employed andltreguin highest rate of substrate
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leaching to the system. In addition, high volumenafrient was daily recirculated back to
bioreactor system from. Leachate total nitrogemmfrall reactors was sufficient for this
anaerobic degradation as indicated from the refu€OD:N ratio that was entirely under

33:1 to 14:1 and was higher than the value of 8@rh Dewalle ‘s study (Dewalle, 1977).

4.3.2 Orthophosphate
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Figure 4.9 Leachate orthaphosphate from the simulated aneeoopanic waste reactors.

Orthoph@sphate was measured as an indication @pbloous,availability to anaerobic
microbial utilization. Orthophosphate data exprdssemg/L of phosphorus are presented in
Figure 4.9 and Table A-11 Appendix A.

Leachate orthophosphate was initially 186, 196 4@ 188 mg/l in reactor 1, 2, 3 and
4, respectively. Leachate orthophosphate graduadhgased during first 66 days operation as
waste was hydrolyzed and degraded. After thathigt@corthophosphate decreased with time
due to orthophosphate assimilation by microorgagishhis behavior was in conformity with
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an extensive use of phosphorus and its possibl@piagion. During first 45 days, leachate
orthophosphate was the highest in reactor 4 siigteebt volume of daily leachate recycled to
the system, cycling orthophosphate back to theebor. Leachate orthophosphate from all
reactors was sufficient for anaerobic organic wat#gradation as indicated from COD:P
ratio that stayed within the range of 133:1 to 38#hat was higher than the minimum ratio of
2,200:1 based on McCarty and Speece study (Mc@adySpeece, 1963).

4.4 Gas analysis

i

r
Gas volume and gas compesition from three simulated.andfill reactors were monitored as the main
o :
indicators of the progression of solid waste stabilF'zation processes and as an indicator of the rate of

biological activity and orgamc,njafe"r'la onver3|on within the landfill environment.

4.4.1 Daily biogas production - :,
Daily gas productlon/l/znes Were,shown in figh and Table B-1 Appendix B.
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-------- Application of leachate recirculation based on raathvolume in reactor 1

Figure 4.10Daily biogas productions from the simulated anarrobganic waste reactors.
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Initially, daily biogas was quite high for all beactors. This was due to the fast

hydrolysis of anaerobic organic waste degradatich @02 as the major component. Daily
biogas after 5 days of operation was in the samgeraf 290-310 ml within all bioreactors.
However, Daily biogas pattern from each bioreattoded to be different after the variation
of leachate recirculation has been started. Duacg phase, high daily biogas generation
could be observed in high daily VFA loading inplutdugh leachate recirculation in reactor 3
and reactor 4 when comparing to daily biogas from ¢laily VFA loading input in reactor 1
and reactor 2. The daily biogas on Day. 21 was 16A# ml, 260 ml and 340 ml in reactor
1, reactor 2, reactor 3, and reactor 4, respegiiviiis was due to the fact that high VFA
loading input through leachate recirculation -eobiel utilized as the substrate for biogas
generation, without unacceptable level of VFA concion in the system, and was
confirmed from the result gissimilar pH and leaeéh&=A concentration from high and low
VFA loading bioreactors. Dally.biogas generatiorsvdéferent during 40 days of operation
in the range of 50-280 ml, 80-300 ml; 60-290 ml 80340 ml in reactorl, reactor 2, reactor
3 and reactor 4, respectively. The highest daibgas during Day 40 to Day 62 has been
observed in reactor 4 after the attempt of Ieaqhat&ralization has been started on Day 40.
High daily volatile fatty acid'loading in reac_torféceived fast degradation as indicated from
neutral pH and high negative ORP value oh.: b@y 4f8s Tavored the methane generation as
the main component in biogas product.. This vyasitmaﬁ from the result of daily biogas
during Day 48 to Day 67 was In the range of 75-25,070-260 ml, 90-280 ml, 170-300 ml in
reactor 1, 2, 3 and 4; sespectively. In additidre attempt-of leachate volatile fatty acid
loading based on daily methane gas generation mitié suitable condition was applied to
reactor 4 on Day 48. Thisrattempt was made to oe&tafter 62 days of operation which
resulted to the good dally-hiogas production.irct@a3d, as well. Reactor 2 and reactor 1 was
changed to the VFA loading based on daily methaseadter the condition was turned to the
suitable enviranment ior, optimized methane phasgadmation (pH>7, methane percentage >
50% (Jaijongrak, 2003)) after 76 and 81 days ofratpen, respectively. During day 82 to
Day 160, all bioreactors could performed good bsoggeneration which daily biogas
production from all bioreactors exhibited simileertd graph that fluctuated in the range 50-
280 ml.
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4.4.2 Cumulative biogas production
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Figure 4.11 Cumulative biogas production‘s': from the simulatedesabic organic waste

reactors.

Cumulative biogas production was detected to Ietie stabilization pattern from
VFA loading factor variation in anaerobic waste @egtion and was shown in figure 4.11
and Table B-2 Appendix B,

Initially, cumulative biogas preduction,from aiblbeactors,was similar in the range of
1,550-1,660 ml befare variation of leachate recy@e been attempted. After the variation of
leachate reeyelerhas been made; the;differencembiative biogas-has been noticed with the
result of higher ‘cumulative’ biogas production framgh daily VFA'loading input through
leachate recirculation in reactor 3 and reactos 4dicated from the cumulative biogas after
24 days of operation was 3,920 ml, 4,475 ml, 502%nd 5,160 ml in reactor 1, 2, 3 and 4,
respectively. The result implied that leachaterpedation contributed to high VFA loading
input and better moisture distribution in the sgstthat could generate more cumulative
biogas production. Since VFA was considered ashpr substrate for bacteria to generate
the biogas output which has been confirmed fromréisellt of cumulative biogas production

after 40 days of operation which was 5,805 ml, 5,68, 7,260 ml and 7,250 ml in reactor 1,



54
2, 3 and 4, respectively. The cumulative biogagipetion after 40 day operation was quite

similar in reactor 3 and reactor 4. However, afeachate neutralization on Day 40 and
leachate recirculation based on methane gas voloméay 48 in reactor 4 has been
conducted, the difference of cumulative biogas potidn could be noticed with the result of
highest to lowest biogas production after 67 ddysperation in reactor 4, reactor 3, reactor 2
and reactor 1, respectively. The result indicateat the highest daily volatile fatty acid
loading input from this experiment (9,800 mg inatea 4) could exhibited the fastest moving
through the acid phase to the methane phase déigrada indicated by neutral pH, highest
negative ORP value and highest methane pereenta@ayw 48. In addition, reactor 3 (4,900
mg of daily VFA loading) showed high biogas-prodeictpotential on Day 62 since the pH
and ORP was quite favor to_the-methane phase d&gyad The attempt of leachate VFA
loading based on daily methang‘generation was dori2ay 62 in reactor 3 which speeded
up the cumulative biogasgproduction to be closedhtise in reactor 4 though the entire
experiment. The cumulative'biogas generation ictmeal and reactor 2 was quite lower than
those in reactor 3 and reactor 4'since the cumveldiogas value during Day 160 was 21,260
ml, 23,505 ml, 25,255 mlrand 25,365 ml in reacth,lS and 4, respectively. High biogas
output would contribute to the possibility of Higvhethane production and faster anaerobic
degradation, as well. The result,showed thétql-qacfm:irculation during acid phase should
receive than 4,900 mg volatile fatty acid lqadingr pday to optimize the anaerobic

degradation system.
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4.4.3 Methane composition in biogas

Methane Composition in Biogas (Percentage)
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......... Application’of buffer neutralization

————————— Application.of leachate recirculation based on rmethvolume in reactor 4
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-------- Application of leachate recirculation based on raathvolume in reactor 2

———————— Application of leachate recircumljaﬁtiq_n based on raathvolume in reactor 1

Figure 4.12 Methane compositions (percen_,ta_ge) in biogas from dimulated anaerobic

organic waste reactors.

Methane composition in biogas was the key paramieteexplicit the anaerobic
organic waste stabilizationssince the methane pésige in biogas would describe whether
the methanogeni¢ bacteria or. methane phase wotighiEcor not. Methane composition in

biogas was shown'in figure 4.12 and Table B-3 AplpeB.

Methane percentage from every bioreactor was quitdar after 7 days of operation
which was stable in the range of 2.5-5%. Howevéerahe variation of daily leachate
recirculation based on amount of VFA loading inmaturred, the difference of methane
percentage in biogas was established. Methane ngagee from high leachate VFA loading
bioreactor in reactor 3 and reactor 4 was highan tthose from low leachate VFA loading
bioreactor in reactor 1 and reactor 2 as indicitesh the methane percentage after 25 days
operation was 13.29%, 16.75%, 25.36% and 24.82%gactor 1, reactor 2, reactor 3 and
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reactor 4, respectively. Furthermore, the resuéire88 days of operation could be confirmed

on this matter since methane percentage from nedcto reactor 4 was 16.23%, 18.16%,
27.50% and 24.18%. Consequently, the result coallidferred that higher daily VFA loading
input could promote waste stabilization to methah@wever, the methane percentage during
Day 21 to Day 38 was still low since pH in the systwas not suitable to methanogenic
condition as indicated from the stably low metha®centage of 10.22-16.23%, 17.26-
24.06%, 21.13-36.81% and 18.12-29.54% in reactaredctor 2, reactor 3 and reactor 4,
respectively. After leachate neutralization hasnbeerformed on Day 40, the methane
percentage during Day 55 rose to 34.40%, 36.84%2444, and 56.62% in reactor 1, reactor
2, reactor 3 and reactor 4, respectively. The tesfidwed that the highest daily volatile fatty
acid loading from this experiment (9,800 mg intead) could be faster turn the acid phase
to the methane phase degradation as indicatedtfierhighest methane percentage in reactor
4 biogas component. In addition, aiter the leachaceculation based on daily methane gas
output has been done in redctor 4 on Bay 48, titeane percentage was gradually increase
in the range of 51.38%- 60.46% expressed very ectiondition under methane phase
degradation. Furthermore; the high value of m_eth;meentage within the range of 49.56%-
54.65% was observed in reactor 3 after 61 déyspefalion which can be inferred that daily
volatile fatty acid loading of 4,900 mg in reac®eould be more rapidly stabilization when
comparing to lower daily volatile fatty acid loadinnput in reactor 1 and reactor 2. In
addition, methane percentage in reactor 1 and 2 avas 50% after the environment in
anaerobic degradation-was suitable (pH > 7, ORP58 m\/.(Jaijongrak, 2003)) and it was
happen after 85 days of operation. This resultc€aoinfirm daily volatile fatty acid loading
of 4,900 mg and 9,800 mg in,reactor 3 and reactoould promote anaerobic degradation,
especially for acid' phase-degradation. Howeveer &l bioreactors exhibited the optimum
methane phase degradation during Day 85 to Day rh&thane percentage from all reactors
could stand within theirange 50.32 -63.80 % expmidahe high fiethane percentage yield
during methane phase. However, methane percentagedl reactors tended to be dropped
after 139 days of operation since volatile fattidazoncentration, considered as substrate for
methanogenic bacteria in process to generate thileame gas output, was decreased. This
situation may be implied that the food started ® depleted and not adequate to feed
methanogenic microbes in the system. The resulinefhane percentage after 160 days

operation was dropped to 40.48, 45.26, 44.53 arb48 reactor 1, 2, 3 and 4, respectively.
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4.4.4 Daily methane gas
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......... Application of buffer neutralization
————————— Applicationof leachate recirculation based on raathvolume in reactor 4

Application/of lgachate recirculation based on raathvolume in reactor 3
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-------- Application oflleachate recircuj,ati'bn based on raathvolume in reactor 1
Figure 4.13 Daily Methane gas in-biogas iefrb;m the simulated eof@ie organic waste

reactors. e 7N
The daily methane gas was also the key parameteariaerobic organic waste
degradation which performed the organic waste l&takion pattern. Daily methane gas was

shown in figure 4.13 and Table B-4 Appendix.B.

Initially, the daily methane gasswas quite lowiradicated from the daily methane gas
of 3-8 ml ‘after 9 days! ef operation since the aolaierorganic waste. stabilization was on
early acid phase that almost the component in Biegas carbon dioxide. The difference of
daily methane gas after the variation of leachatgrculation has been attempted with the
result of higher daily methane gas from high d&BA loading input in reactor 3 and reactor
4 when comparing to the daily methane gas in redctmnd reactor 2 which contributed to the
result of more methane percentage and biogas piiodws indicated from daily methane gas
on 15 days of operation was 18 ml, 28 ml, 40 ml 8@dnl in reactor 1, reactor 2, reactor 3

and reactor 4, respectively. Daily methane gasndubay 15 to Day 40 was quite low in the
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range of 5-45 ml, 9-52 ml, 19-69 ml and 15 -100imreactor 1, reactor 2, reactor 3 and

reactor 4, respectively. Hence, the attempt ofHate neutralization has been performed on
Day 40 which resulted in abrupt increase of daigtimne gas in reactor 4 as indicated from
the daily methane gas output 131 ml on Day 46 spidevas adjusted to be suitable to the
methanogenic bacteria and it was high recycled back&actor to optimize the daily methane
gas production. The other reactors methane volurae mot too much increased when
compared to reactor 4 which received high dailyatitd fatty acid loading. The result
showed that high daily volatile fatty acid loadithgough leachate recirculation could add the
moisture and substrate in the system without advexBect from volatile fatty acid
accumulation. This enhanced faster degradaiiemguacid phase. High daily methane gas
within the range of 91 -170 ml.during Day 51 to b&§was observed in reactor 4. Reactor 3
was also displayed high daily methane gas afted®& of operation as indicated from the
result of 107 ml methane gas output which parédlehe rose in pH and higher negative ORP
value, while reactor 2 andf1 on/that-day was orlynf and 55 ml, respectively. After
reactors 1 and 2 could adapt to suitable enviromahe@ondition for methane gas generation
(pH > 7, methane percentage > 50% (Jaijing.r_ak, PO@Rily leachate VFA loading input
based on daily methane gas output was app_liéd pi @land day 81 in reactor 2 and reactor
1, respectively. This significantly affecied daﬁﬁthane gas output that could be closed to
daily methane gas generation in.reactor 3 and_a_ieéctThe CH gas production on Day 114
was 134 ml, 146 ml, 158 ml and 141 ml in reéct02,13 and 4, respectively. During Day 81
to Day 150, daily methane gas from all bioreacéhswed similar trend graph that fluctuated
in the range 38 - 171 ml. The reason of daily ma¢hgas fluctuation may be due to daily
temperature fluctuation during cold seasoning thgiacted the methanogenic bacteria in
process and gas expansion. In additron, less d@ihane gas from all reactors after 150 days
operation could be noticed since leachate voldalty acid concentration was dropped
together with relatively lewer methane percentagbiogas. Daily biogas during day 160 was
49 ml, 36 ml, 40 ml and 64 ml in reactor 1, 2, 3 ah respectively. The result may be
implied that almost substrate was depletion thatcdcoot be utilized for methane gas output

and organic waste tended to be stabilization.
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4.4.5 Cumulative methane gas production

Cumulative methane gas (ml) ~ cymulative Methane Gas (ml)
12000

10000 - :
8000 - :
6000 - :
4000 - :

2000 -

0 S 33038 Seipionad *::::::_;;
Days7 2 T 24 31 38 43 50 55 61 67 74,80 87 92 98 104 M 1B 5 B1 B9 U7 B3 160

—8— Reactor 1 —a— Reagtor 2 —— Reactor 3 —o— Reactor 4

......... Application of bufferneutralization

————————— Application of leachate recirculation based on ragthvolume in reactor 4

Application of leaghate recirculation based on raathvolume in reactor 3
———————— Application of leachate recireulation based on raethvolume in reactor 2

-------- Application of Igachate fecirculation based on raathvolume in reactor 1

Figure 4.14Cumulative methane gas from the simulated anaemf@nic waste reactors.

S

The cumulative methane gas was also the key paearfoe anaerobic organic waste
degradation which performed the organic waste &atibn and optimized output.
Cumulative methane gas was shown in figure 4.14Tamde B-5 Appendix B.

The cumulative methane gas implied the_activabdnmethane gas in anaerobic
organic waste degradation'system. Initially, thenalative methane gas from all reactors was
quite low as indicated from the result of cumulatmethane gas after 40 days of operation
was 509 ml, 793 ml, 1134 'ml and 1205 mlin readtoreactor 2,‘reactor 3 and reactor 4,
respectively.” This was preliminary due to the ctindi was run under acid phase on
anaerobic degradation that pH stayed in the rarfgé-® that was not suitable to the
methanogenic bacteria growth. The result also sdaWwat high daily VFA loading through
leachate recirculation in reactor 3 and reactondaace anaerobic degradation during acid
phase as indicated from slightly more methane p¢age and cumulative methane gas
production. The attempt of leachate neutralizatias been made on Day 40 which resulted to

abrupt increase of cumulative methane gas in redgtavhereas, the other reactors did not
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show significant increase in cumulative methanepyaduction. The result of abrupt increase

of cumulative methane trend graph in reactor 4r &t&chate neutralization may contribute to
high daily volatile fatty acid loading that coul@ bvell utilized as substrate under favorable
condition for methane phase degradation. Result stt®wed that high daily leachate VFA
loading was very beneficial to shorten the degiiadatme during acid phase. In addition, the
attempt of leachate recirculation based on dailtharge gas generation and volatile fatty acid
loading has been conducted on Day 48 in reactdnerevinfluencing components of methane
phase in biogas, pH and ORP was at the optimuns fdsulted to the rise in cumulative
methane generation to 4,306 ml after 73 days.ofatio®m. While the reactor 3 was turned to
methane phase after 62 days.operation as indié@igdpH that was higher than 7; hence, the
attempt of leachate volatile fatty-acid loadingédsasn daily methane gas generation has been
done with the result of cumulative methane gasease to 3,362 ml after 73 days of
operation. While the cumulative methane gas on E&in reactor 1 and reactor 2 was 1,794
ml and 2,194 ml, respectively. Influgncing factomiethane phase was favorable after 76 and
81 day operation in reactoyl and reacto'r 2, rapme. Slower degradation from reactor
receiving low leachate VFA loading would be Q_bselr\@umulative methane gas trend graph
showed significant increase after ali reactpré wene under favorable environment and
leachate volatile fatty acid to'methane gasmémme was applied. Cumulative methane
gas under 123 days of operation was 5,506_.ml-,_6r,n'rl5(8,332 ml and 8,891 ml. The result
implied that daily volatile fatty acid loading rhotlean 4,900, mg would be beneficial to the
anaerobic organic waste degradation through thenae methane gas output within shorter
duration time. The result of cumulative methane gesiuction entire the experiment after
160 days of operation was«7,267 ml, 9,046 ml, 12Dl and 11,170 ml in reactor 1, 2, 3 and
4, respectively. The opportunity for, methane gasmrmtion could be observed in reactor 3

and reactor 4.
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4.4.6 Daily CH4/ Daily VFA loading

Daily CH4/Daily VFA loading (ml CH4/ mg VFA)
CB“i‘éSA (MICH4/ mg VFA) _

0.160 -
0.140 -
0.120 -
0.100 -
0.080 -
0.060 -
0.040 -
0.020 -

0,000 Ba :
DayS7 P 7 24 31 38 43.50. .55 61 6/ 74 .80.8/..92 98 14 M 18 P25 1Bl B9 HU7 B3 B0

—8— Reactord" &~ Reactor 2 -—%— Reactor 3 —— Reactor 4

......... Application ef buifer neutralization

————————— Application ofleachate recirculation based on raethvolume in reactor 4

Application of leachate reciré;ulation based on rmathvolume in reactor 3
———————— Application of Ieachate.recirc(jl_,atj_on pased on raathvolume in reactor 2

-------- Application of leachate recircﬁ{%_t_tion based on rmathvolume in reactor 1
d # ilj'la
Figure 4.15 Daily methane gas output per daily volatile fattydaloading input from the

.

simulated anaerobic organic waste reactors.

Daily methane gas output per daily volatile fa#tygid was analyzed to define the
methane phase degradation efficiency on anaerolgan@ waste stabilization and was

shown in figure 4/15 and/Table B:6 Appendix B!

Initially,. the.ratio of daily. methane.gas. outpigr @aily. volatile, fatty acid loading
from all reactors was’'quite 'low‘which was'stabldfia range of 0.001- 0.040 ml @Hng
VFA, since the reactor was under acid phase camdttiat almost volatile fatty acid was the
main product during this period. In addition, thethmnogenic bacteria could not grow well
during this period to utilize the daily volatiletfiya acid input and to generate the methane gas
output which was confirmed from the parallel resflhigh volatile fatty acid concentration
in bioreactor system. However, the daily volatiltty acid loading could enhance the
moisture content to the system and opportunitybfacteria to contact to the substrate that

could enhance the degradation. In addition, thengit of leachate neutralization has been
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made on Day 40 which changed the daily methaneygasration output /daily VFA loading

input in reactor 4 on Day 56 to Day 71 in the ran§®.040-0.094 ml Ckl mg VFA. This
was the highest ratio when comparing to the otlactors on those periods since the
environmental condition in reactor 4 was fast tmtio be more favorable when comparing to
the other bioreactors. The active of methane dedi@d system could be well observed on
reactor 4 since almost volatile fatty acid loadecwuld be well utilized by the bacteria in
system to generate the methane gas output. Ini@udihe daily methane gas per daily
volatile fatty acid loading was abrupt increaser@actor 3 after the leachate recirculation
based on daily methane gas volume been made o®2Day a result the ratio was 0.107 after
74 days of operation. Daily CH4 / daily VFA loadiggld in reactor 2 and reactor 1 was also
increased after the pH was _turned to 7 approximaiél days and 81 days of operation,
respectively. After 81 days.of operation, all bectr could run according to the methane
phase degradation scheme: Seo, all reactors exthibitailar daily CH/ daily VFA loading
trend graph that ratio was high.and fluciuatedharange 0.020- 0.107 daily CH4/ daily VFA

loading.

4.5 Analysis of methane percentage relation duringcid phase

From previous result, it could be conecluded that dptimized anaerobic organic
waste degradation was occurred in reactor 4 witly @800 mg volatile fatty acid loading
during initial phase. Hence, this part would stiige degradation pattern and other criteria to
determine the reasons and to define the suitabdeadeation for anaerobic organic waste

application.
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Figure 4.16Methane percentage andleachate oxidation reduptitential during initial acid

phase in simulated bioreactor 4.

Figure 4.16 explained the'rélationsﬁ'iﬁ: between mrethpercentage and oxidation
reduction potential. At first 24 days, Methan"é»_p_g_:tage in reactor 4 gradually rose from 5%
to 29.54% contributed to daily 9,800 mg VFE_,It-ﬁ_aditﬁg)sitive result occurred during early
acid phase degradation sincer ORP graduéllgi drophmj to the system environmental
condition that turned from aerobic to anoxic an(aesmbic,'respectively. Also, the initial
condition was turned to reductive products. Inlomtbehavior could be observed after 24
days of operation since methane percentage drofsped 29.54% to 18.12% on Day 36.
ORP result rose from -194.7 mV to -134.3 mV/ on [y that may refer to unfavorable
environmental condition. The result from this stualgo confirmed that cumulative VFA
loading, methafie perCentage and ORP Were interdeldtfter 'Systam’ could adapt to daily
9,800 mg VEA loading on Day 38, methane percentage to 51.38% on Day 51 as well as
leachate ORP which dropped within the range -1T@\8261.8 mV. Under these criteria
presented suitable methane phase degradation. thierstudy, ORP during the acid phase

was investigated within the range of -120.9 mV184.6 mV.
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4.5.2 Methane percentage and leachate VFA concenti@n during acid phase

Methane percentage and leachate VFA concentration
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Figure 4.17 Methane percentage and Ieacihate volatile fatty emitentration during initial

acid phase in simulated bioreagctor 4.

Figure 4.17 explained the relationship between aredtpercentage and leachate VFA
concentration in reactor 4. Leachate VFA cénééinimagradually raised from 3,068 mg/l on
Day 1 to 13,676 mg/l on Day. 16 that caused theafsaethane percentage from 5% to 29%.
However, retardation was.cbserved on Day 25 {c B@gince methane percentage dropped
from 29.54% on day 24 {6 18.12% on Day 36 sinceHa# volatile fatty acid concentration
gradually increased to approximately reach 15,0@@ twat was highest value among the
entirely study. High .acid, conditien.during-this joek was-not. suitable for methane gas
generation and caused methane percentage deckeasbate VFA concentration exhibited
lower trend graph that dropped to“11,786 mg/wory B4 with“the result of methane
percentage rise to 51.38% since leachate VFA: duting period was well utilized as
substrate for methane gas generation under fawmironment condition as indicated
from medium pH establishment in leachate. Duriny B@ to Day 150, methane percentage
above 50% and leachate VFA concentration trendhgcappped explained the progress of
optimum anaerobic organic waste degradation fomopeéd methane gas output. Leachate
VFA was used as substrate and tended to be depletddhy 160 showed the progress of
organic waste stabilization since leachate VFA eotr@ation during day 160 dropped to

2,344 mg/l even though daily leachate recirculatias been employed.
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4.5.3 Methane percentage and leachate VFA/COD ratiduring acid phase

Methane Percentage Methane percentage and leachate VFA/COD ratio VFA/COD
70 0.35
60 + - 0.30
50 + - 0.25
40 + - 0.20
30 + - 0.15
20 + - 0.10
10 + - 0.05

0 0.00
1 13 25 39 ST 62 5 88 100 112 126 140 154
—e—Methane percentage —=—VFA/COD ‘

Figure 4.18Methane percentagé and the ratio of leachate VFA@aring initial acid phase
in simulated bioreactor 4.

Figure 4.18 presented the relation_s_hi-b between anethpercentage and leachate
VFA/COD ratio. On first 16 days, leachate VFA{COEEIio rose from 0.06 to 0.25 resulted to
the rise of methane percentage from 5% to. 27.01f6esintermediate products was
hydrolyzed into volatile fatty acid as substraté rimethane generation. However, VFA/COD
ratio dropped to 0.17 en Day 27 with the resulim@thane decrease to 24.82%. The result
may contribute to too much daily 9,800 mg daily Vk#ading while VFA could not be
appropriately leached or utilized during thisypdriY FA/COD rose to 0.29 on Day 31 with
the result of lower methane percentage to 23.648ts Was contributed to the reactor was
under acid condition that excess VFA leached tosystem under unfavorable for methane
phase dedradation as.indicated-from the resulightdst VFA/COD.ratio during this period.
On Day 38j leachate VFA/COD ratio rose to 0.24 twas appropriate to rise methane
percentage to 24.18%. Methane percentage gradiadly to 51.38% on Day 51 with the
result of VFA/COD 0.19 since almost VFA was wellliseéd under favorable condition as
substrate for activated methane gas generatiom Enes study, it could be assumed that the
ratio of VFA/COD during acid phase should stay witthe range of 0.2-0.25 for optimum
degradation.
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4.6 The application of leachate recirculation emplpment

Table 4.1The comparison result of 4 simulated anaerobicgaictors

Methane volume/VFA mags
Study Day |Length (Days) Methane percentgge Leachate recycled loading (mg) (ml CH4/ mg VFA)
Reactor 1 (Daily 1,225 mg VFA loading)  1-80 80 2.5%64%% VFA loading = 1,225 mg 0.029
81-160 80 40.48%-52.75%  VFA loading = 786 mg- 5,482|mg 0.047
Reactor 2 (Daily 2,450 mg VFA loading)  1-79 75 2.95%28% VFA loading = 2,450 mg 0.017
76-160 85 48.32%-58.74%  VFA loading = 941 mg- 5,315|mg 0.042
Reactor 3 (Daily 4,900 mg VFA loading) 1-61 76 3.83%56% > VFA loading = 4,900 mg 0.010
62-160 99 44.53%-6344%* \/FA lbading = 882mg- 4,708 mg 0.062
Reactor 4 (Daiy 9,800 mg VFA loading) — 1-44 47 +5%-45.5 VFA loading = 9,800 mg 0.005
48-160 118 46.88%-63.80%  VFA'lbading = 790 mg- 5,2@0|m 0.055

!
Table 4.1 explained the data comparisons of 4 sited|bioreactors. As the variation

of daily VFA employment the result impliej:llthatilgleQ,8OO mg VFA loading at initial phase
was fastest moving of acid‘to methane. Thé" appdeaiwas converted to the ratio of daily
methane volume/VFA mass loading Awhich:"wa,s 0.028%17Q 0.010 and 0.005 ml GHng
VFA mass loading in reactor 1, 2, 3.and 4,:‘-ﬁespetyti Result implied that the best ratio of
daily CHy/ VFA loading to optimize degradat@h’i"'during initghase was 0.005 ml GHmg
VFA loading. This was the highest VEA loadi'ng;ienwitent ratio when compared to current
study and also previous-works (0.017 from Rachdan(@994) and 0.011 from Teerachark
(2006)).
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Table 4.2 eachate recirculation application from relatedista

COD mass/ Methane volume | VFAmass/Methane volume | Organic loading rate
Previous study Day |Length (Days)| Leachate recycled (ml) | Leachate recycled loading (mg) ~ [ethane percentagel  (mg COD/ml CH4) (mg VFA'mI CH4) (g VFAliter! day)

Rachdawong (1994)

Organic waste (Fruitand vegetable wastes) 1118 118 Oml No leachate recirculation 2.9%-18.9% NA NA NA
119-183 63 150-300 ml COD loading = 17523 mg-82985mg | 19.1-32.3% 250 59 0.148
184-360 176 120ml-650ml | CODloading = 13,056 mg-29,331mg | 28.0%-59.8% 1 4 0070

Turajane (2001)

Organic waste (Fruitand vegetable wastes) [ 19 9% 2000ml COD loading = 78,271 mg 16.2%-44.6% 210 63 0.261
97121 3l 5000ml COD loading = 169415 mg 447-511% 100 30 0,565
128-200 73 10,000 ml COD loading = 239,510 mg 46.8%-57.6% 115 2 0.798

San and Onay (2001)

Organic waste (Municipal solid wastes) 1146 146 265ml COD loading = 9,595 mg 4%-11% 181 54 0044
147222 76 571ml COD loading = 16,966 mg 13%-47% 65 16 0078
223-275 53 L142ml €OD loading = 23,011 mg 30%-50% 30 6 0071

Jaijongrak (2003) F ¥

Organic waste (Fruitand vegetable wastes) f

-No leachate recirculation 119 195 Oml Noleachals @catleions®™ | 23%-4246% NA NA NA

-Plan A 1-185 185 900 mi COD loading = 30,720:m¢- 95,6?9'@- ¢ 2.20-42.29% 100 NA NA

(Leachate recycle based on methane percentage) 186-195 10 2,100 C0D [0ading = 150:998 g 46.45%:53.29% 200 NA NA

Plan 1165 | 165 | 600-2800ke|COD loading= 30464 moedSBRE2mal 55%37.48% 100 A NA

(Leachate recycled based on dailymethane volume) | 186-195 10 4000-7,000m! (00D loading = 135472 mg- 219,520 m '_35.69%-39,23% 100 NA NA

Petchsri and Towprayoon (2004) L A \ -

Organic waste (Municipal solid wastes) 1115 15" | il No eachale eciculaon 250% NA NA NA
116-402 27 ji" 159;906 mj G0D Ioadin.(ic 7,500mg- 40,000 mg 50-35% 320 80 0221
403-578 176 150-400m! COD loading = 4,500 mg- 12,000mg 34%-56% 15 9 0.056

Teerachark (2006) ' . T

Organic waste (Fuitand vegelable wases) (199 | oo sodl B Fcadng=0my-6M0mg) | a3%a 20 9 0239
100-123 u 750 mid250ml - | VFAloading =£.241mg-12.943mg | 34.27%-55.26% 125 48 0301

Current studyfrom optimized biogas in reactor 4 3

Opimized acid phase vithdaiy 9800 mg loading | 148 | cmiag@om | 5 NFHloadigzo s00mg 5-455% 1000 0 0784
49-160 m 65 m|:834 m! VFAloading =790 mg- 5200mg | 46.389%-63.80% 100 18 0173

Table 4.2 explained‘leachate recirculation appbcatrom various studies. Organic
wasted input was divided into fruit-and vegetabkesie from Rachdawong (1994), Turajane
(2001), Jaijongrak (2003), Teerachark (2006) andrecti study. San and Onay (2001),
Perchsri and Towprayeon (2004) utilized municipalics waste for anaerobic degradation
input. Leachate recirCulation during initial phaseuld be investigated from methane
percentage that was lower than 50% which refercedable 3.6. Daily leachate recycle
amount and daily leachate’recirculation loading emganic) was difference which depended
on its application and.initial arganic waste amouAqplication studies was normalized and
compared through loading application per their adaily methaneoutput. Organic loading
rate in term, of g VEAliter/ day was also definedcompare between-each other. The result
of loading was 250, 100-210, 65-181, 100, 320, a6d 1,000 mg COD/ ml CHfrom
Rachdawong (1994), Turajane (2001), San and Or2@1{2 Jaijongrak (2003), Petchsri and
Towprayoon (2004), Teerachark (2006) and currardysin reactor 4, respectively. Leachate
VFA mass loading/ methane volume was 59, 30-6%4,80, 91 and 200 mg VFA/ ml GH
from Rachdawong (1994), Turajane (2001), San anay@2001), Petchsri and Towprayoon
(2004), Teerachark (2006) and current study intozag, respectively. Study from leachate

recirculation application implied that compressafracid phase could occur from high daily
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organic loading input. The current loading appimatvas 1,000 mg COD loading/ ml Gdr

200 mg VFA loading/ ml Clland was the highest ratio comparing to other studin
conclusion, Daily leachate organic employment cdagchigher than 1,000 mg COD loading/
ml CH; or 200 mg VFA loading/ ml CiH Organic loading rate could be attempted higher
than 0.784 g VFA/l/day on initial degradation ph#sat methane percentage was lower than
50%.

4.7 Model Development

Since volatile fatty acid was considered as thgomaubstrate for methanogenic
bacteria in process to produce-methane gas outpotiel was developed to analyze the
relationship between leachate wvOlaiile fatty aeiput through leachate recirculation and
methane gas output. Therelationship between ol&ity acid loading and methane gas
generation would describe ihe progress on anaeosganic waste degradation and methane
potential since various leachate recirculatio-n wocause different methanogenic bacteria
growth and methane gas product, as well. In additibe model equation would initially
exhibit the methane potential from volatile _f;at-'mchas Substrate loading as the variable on
methane output as Y and leachate volatile %éitﬂ_,asix. Model equation was tested for the
accuracy through R2, F test, T test and 'I?'__v.qllmoetcﬂively. Model development from
leachate volatile fatty acid employment in bptinuizeeactor 4 was described by SPSS

program as following deiail.
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4.7.1 Model development of daily methane gas and illavolatile fatty acid loading
Daily methane (ml)

200.00 R?=0.989

150.00

100.007

Meth

50.007

)

0.00

0.00 100'0.00 200{).00 300:).00 400|0.00
VEA VFA loading (mg)

Figure 4.19 Scatter plot betweedaily methane gas and daily volatile fatty aciddiog in

reactor 4 under methane phase generation

Figure 4.19 explained the trend graph developmeiwéen daily methane gas output
and daily volatile fatty aciddoading under methamase generation. The trend graph showed
that daily methane gas'output.and daily volatitéy/facid loading-were related to each others
in term of linear regression which daily methans @allowed to daily volatile fatty acid
loading input.” Hligh daily’ methane gas would contwh to high -daily: volatile fatty acid
loading input. The relationship between each othes developed by SPSS program and was
described in Table 4.3.
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Table 4.3Linear regression model development between dadihane gas and daily volatile

fatty acid loading in reactor 4 under methane plygsesration

Model Summaryed

Adjusted R | Std. Error of
Model R R Square® Square the Estimate
1 9942 .989 .989 11.61764
ANOVA=d
Sum of

Model Squares df Mean Square F Sig.
1 Regression 763875.951 1| 763875.951 5659.619 .0007

Residual 8638.049 64 184.970

Total 772514.000") 65

Coefficients®®

Standardized 95.0% Confidence Interv al
Unstandardized Coeiificients | Coefficients for B
Model B Sta*Error Beta t Sig. Lower Bound | Upper Bound
1 VFA 058 .00 .994 75.230 .000 .052 .055

Table 4.3 summarized/the result of linear regoessiodel of daily methane output
and daily volatile fatty acid loading in reactorModel proof was considered fronf,FE test
and T test. Determination coefficient’jRwas 0.989 exhibited the equation certainty. In
addition, F test significant result.was 0.00. tha@isged the statistical judgment. T test
significant value from slope andconstant was 00 T test significant of slope was zero
that could be utilized for equatien-developmente Bammary of daily methane gas and daily

volatile fatty acid loading from model run was afidwing eguation below

Daily methane output (ml) = 0.053 Daily volatitetly acid loading (mg) %&0.989
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4.7.2 Model development of daily biogas and dailyolatile fatty acid loading

Daily biogas (ml)

R?=0.985

300,00

250,00

200,004

150.00+

iogas

B

100.00-

0.00

%, 'ZN}IJD EDELI'.IIICI 4Dﬂll.'.l.ﬂl.'.l
= VEA- VFA loading (mg)

Figure 4.20Scatter plot betweedgily biogas gf;ﬂl&aily volatile fatty acid loadimgreactor 4

J-,-

under methane phase generation ‘
'I'-j, . )

LL

Figure 4.20 explained the trend graph developrbentveen daily biogas output and
daily volatile fatty acid loading.under.methane gdaeneration.-The trend graph showed that
daily biogas output ‘and daily volatile-fatty acahtling-were' related to each others in term of
linear regression which daily biogas followed talyl&olatile fatty acid loading input. High
daily biogas related to high daily volatile fattgid loading iinput. The relationship between
each others was developed by SPSS program andeseslied in Table 4.4.



Table 4.4Linear regression model development between dédgas and daily volatile fatty

acid loading in reactor 4 under methane phase ggaer

Model Summary®?

Adjusted R | Std. Error of
Model R R Square® Square the Estimate
1 9939 .985 .985 23.22226
ANOVA®?
Sum of
Model Squares df Mean Square F Sig.
1 Regression 2.325E+06 1 2.325E+06 4311.794 0009
Residual 34513.508 64 539:274
Total 2.360E+06 65
Coefficients™”
Standardized 95.0% Confidence Interval
Unstandardized:@oefficients |- Coefficients for B
Model B Std. Error Beta t Sig. Lower Bound [ Upper Bound
1 VFA .093 001 993 65.664 .000 .090 .096

Table 4.5 summarizedithe result of daily biogad daily volatile fatty acid loading.

Model was developed as/lingar regressibr'i- model fwhiaily biogas output was set as
dependent variable (Y) and daily volatile fattydahi»ading was set as independent variable
(X). Model showed determination coeﬁicienle!?as high as 0.985. F test significant was 0
that proved the model reliable. The coeffici'én{’évofatile fatty acid loading and constant
were 0.075. Coefficient of T test Significant wasvbich passed the statistical significant at
95% of interval. The summary-of-linearregressiardgis-irom daily biogas output and daily
leachate volatile fatty acid loading was showna®iing equation below.

Daily biogastoutput (mf) =0.093Daily volatiletfigracid loading (mg)  R=0.985
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4.7.3 Model development of daily methane gas and ilabiogas

Daily methane gas (ml)

200.007

150.00-

100.00

Meth

50.007

R?=0.993
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Figure 4.21 Scatter plot betweedaily methane“‘gas and daily biogas in reactor 4eund

methane phase generation

Figure 4.21 explained the trend graph developmenwdéen daily methane gas and

daily biogas under methane phase generation. ®mal igraph showed that both of them

exhibited linear regression which daily,methane, fElbbwed-~daily biogas output. The

relationship between“each others was developedRfSSprogram and was described in

Table 4.5.
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Table 4.5Linear regression model development between dadthane and daily biogas in

reactor 4 under methane phase generation

Model Summary®?

Adjusted R | Std. Error of
Model R R Square® Square the Estimate
1 9979 .993 .993 9.14253
ANOVA®?
Sum of
Model Squares df Mean Square F Sig.
1 Regression 767164.501 1| 767164.501 9178.154 000
Residual 5349.499 64 83.586
Total 772514.000° 65

Coefficients™”

Standardized 95.0% Confidence Interval
Unstandardized:@oefficients | Coefficients for B
Model B Std. Error Beta t Sig. Lower Bound [ Upper Bound
1 Biogas S0 006 997 95.803 .000 .558 .582

Table 4.5 summarnzed/ithe resuli of‘r daily methaa and daily biogas output. Model
was developed as linear regression modéi whichy dakthane gas output was set as
dependent variable (Y) and daily biogas generavim set as independent variable (X).
Model showed determination coefficientlehﬂé"high as 0.993. F test significant was 0 that
proved the model reliable. The ‘ceefficient of (‘iﬁ@tfatty acid loading and constant was
0.570. Coefficient of T test significant was 0 Whhassed the statistical significant at 95% of
interval. The summary -ei-linear-regression-medetsni-daily methane output and daily
biogas was shown as following equation below.

Daily methaneigas output: (ml) =0:570 Daily:hiogagput(ml) R=0.993
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Table 4.6Various model developments between methane gastaedparameters

Model Development R? Specification References

Daily methane (ml/d) = 101.35 Acetic concentration (g/l) + 9.984 0.74 Pig manure waste Xe et al. (2010)
Gas Production (I/d) = 0.4607 COD removal rate (g/d) 0.938 Municipal Solid wastes He et al. (2005)
Methane (m°®) = 0.331 Volatile solids removal (kg) - Cauliflower stem Gunaseelan (2004)
Methane (m®) = 0.356 Volatile solids removal (kg) - Pig manure wastes Hashimoto et al. (1981)
Methane (I) = 0.183 COD removal (g) - Fruit and vegetable waste Turajane (2001)
Methane yield (I/g VS added) = 0.17 + 0.16 Carbohydrate 0473 Fruit and vegetable waste Gunaseelan (2006)
Daily methane (ml/d) = 0.013 Daily wolatile fatty.acidloading(mg/d) |  0.97 Fruit and vegetable waste Teerachark (2006)

(pH > 7, methane 42-55%,

Leachate recycle as 25%

of moisture content)

Daily methane (ml/d) = 0.036 Daily volatile fatty acid loading (mg/d) 0:973 | Municipal solid waste San and Onay (2001)
(p_H > 7, methane 40-50%,
| Leachate recycle as 30 of COD

“| mass per methane wolume ratio)

Daily methane (ml/d) = 0.053 Daily volatite fatty acid loading (mg/d) 0.989 Fruit and vegetable waste Current study in reactor 4
Daily biogas (ml/d) = 0.093 Daily wolatile fatty acid loading (mg/d) 0.985 (pH > 7,; methane 50-61%,

Daily methane (ml/d) = 0.570 Daily biogas output(mi/d) 0.993 Leachate recycle as 100 of COD

Daily methane (ml/I/d)= 0.004 Dally wolatile fatty acid loading (mg/d) 0.98 mass per methane vdlume ratio)

There were many.studies to develop the modelioakstip between methane gas and
other related parameters which was described iteTab. The relationship of daily methane
(ml/day) and acetic concentration (g/l) from pigmaee waste input was studied Xie et al.
(2010). Model development of gas production (l/add aCOD removal rate (g/d) from
municipal solid waste was studidy He et al. (2005). Gunaseelan (2004) and Haslkimot
(1981) studied relationship between methane gas/aladile solid removal from cauliflower
stem and pig manure waste, respectively. Gunas€2@i6) developed relationship model
between methane yield (/g VS added) and solubdeoteydrate content of fruit and vegetable
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wastes. All of those studies defined the relatigmfletween methane gas and initial organic

waste degradation such as COD removal and voklld removal which did not include the
loading rate through leachate recycles to optimie¢hane gas output. Leachate recirculation
technigue was realized to promote more distributibmoisture and substrate throughout the
refuse mass (Pohland and Harper, 1986). Based @pt&h3, volatile fatty acid was
considered the essential criteria to control biggaseration system. VFA was direct substrate
for methanogenic bacteria to generate methane gfgsito Leachate recirculation employed
volatile fatty acid mass loading in the system rionpote methane gas under methane phase of
anaerobic organic waste degradation. The relatipisttween methane gas and volatile fatty
acid loading was studied by Teerachark (2006) zdehd Onay (2001). Teerachark (2006)
defined the relationship between-methane gas amtl l¥&ding of fruit and vegetable waste
degradation under 42-55%.methane with leachatecke@s 25% of initial moisture content.
Model development was as Dailymethane (ml/day)Gd® daily volatile fatty acid loading
(mg/day) (Teerachark, 2008). San and-Onay (200fletethe relationship of daily methane
and daily volatile fatty acidsas Daily methane @aly) = 0.036 Daily volatile fatty acid
loading (mg/day) (San and ©Onay, 2001) Whi_ch thedd@mn were under municipal solid
waste degradation that pH'> 7, methane _pefcenta@a% and leachate recycle as 30 of
COD mass per methane volume, ratio. Moaél-pevelopmem current study in reactor 4
from fruit and vegetable wastes, which methane wader 50-61%, pH>7 and leachate
recycle employment as: 100 of COD mass‘ per methahene, was as Daily methane
(ml/day) = 0.053 Daily-volatile fatty acid loadiffgng/day). Slope or daily volatile fatty acid
loading coefficient was 0.013, 0.036 and 0.053 iromerachark (2006), San and Onay (2001)
and current study in reactor 4, respectively..Qurstudy showed highest coefficient of daily
volatile fatty acidloading or slope which bestiopzed daily.methane gas output. This
implied succeed of leachate recirculation from entrstudy in reactor 4 which enhanced

methane gas autput aid, waste stabilization.



CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

The purpose of this research was to study thénégaaecirculation based on various
daily volatile fatty acid loading to optimize theaerobic organic waste stabilization. Based
on the results of this research study, the foll@xgonclusion was

1. Daily 9,800 mg leachate volatile fatty acid eayphent during initial phase
enhanced anaerobic organic wasie degradation systendicated from cumulative methane
gas production after 160 days gperation was 7,26B@46 ml, 10,712 ml and 11,170 ml in
reactor 1, 2, 3 and 4 with 14225 mg, 2450 mg, 4,8@0and 9,800 mg daily volatile fatty

acids loading, respectively.

2. There was not adverse effect from high volaiitey acid loading on anaerobic
organic waste degradation under fruit and yegetataietes as indicated from the result of
leachate environmental parameters such as pH, @EPVBA concentration being similar

during acid phase degradation.

3. Fastest degradation during acid to methane plaseestablished in reactor 4 with
daily 9,800 mg volatile fatty. acid loading sincatahle environmental condition for methane
phase degradation (pH >7, ORP /< =250 mV, methansepgage > 50%) was occurred after
48, 62, 76 and 81 days in reactor 4, 3, 2 andspedively.

4. Highest daily' methane gas during'day 45 'to dayc@uld’ be noticed from daily
9,800 mg VFA loading as the result of fastest VFApithat was well utilized as substrate for
highest daily methane generation, suitable enviemtnfor methane phase establishment,
VFA/COD that was fastest to reach optimum and rsgHeachate nutrients during this
period.

5. Retardation from daily 9,800 mg volatile fattgich loading in reactor 4 was

occurred during day 25 to day 36 as the result ethame percentage that dropped from
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29.54% to 18.12%. This was contributed to daily09,8ng VFA loading was too excessive

during highest acidic condition since VFA/COD wa29® been highest from all 160 days
operation. The average ratio of daily £Hlaily VFA loading for daily VFA loading
employment changed from 0.0053 ml £knhg VFA loading to 0.0037 ml C/Amg VFA
loading.

6. To enhance the degradation which compressed pb@ase, the leachate
recirculation during acid phase could be attem@ednuch as 200 mg VFA loading mass

(mg VFA)/ Methane generation (ml GHor organic loading rate as 0.784 g VFA/ l/day.

7. Model on optimized.imethane gas ouiput was deeel to study the relationship
between daily methane ogutpuiy” daily biogas outpad. aaily VFA loading. This was

summarized as following details.

7.1 Daily methané output (m!) = 0.053 Daily volatfatty acid loading (mg) &0.989
7.2 Daily biogas outpui (ml) = 0.093 D.aill_y volatfty acid loading (mg) %0.985
7.3 Daily methane gas output,(ml) = 0,57 Daily Bisgutput (ml) 0.993

5.2 Recommendations for future work

1. Various dailysvolatile fatty acids loading wasiempted for mixed fruit and
vegetable wastes. The other wastes that had trentmit for biogas generation such as
manure should be studied.

2. Actual test of this work on organic wastes fdhccommunity anaerobic organic
waste bioreactors should be further studied.

3. Correlation- model development ' should “be " furtideiveloped to get highest

determination coefficient (£
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Table Al Daily leachate recirculation volume (ml) from thmalated anaerobic organic

waste reactors

Leachaet recirculation

Day Reactor 1 |Reactor 2 |Reactor 3 |Reactor 4
1 460 460 450 470
3 750 775 760 700
6 154 303 554 1120
7 174 277 581 980
8 150 272 452 933
9 126 233 387 832

10 128 240 449 825
11 133 218 378 784
12 123 238 424 1045
13 118 229 425 799
14 120 225 387 871
15 118 218 423 756
16 105 202 408 Fd
17 106 200 384 735
19 102 196 392 719
20 103 215 413 740
21 109 192 399 732
22 117 222 417 836
24 112 200 425 840
25 119 218 449 944
27 118 206 446 980
28 89 170 331 | 739
29 75 124 303 625
31 93 178 368 _ 653
33 101 193 361 688
34 106 185 356 683
35 93 181 342 y. 716
36 78 168 327 653
38 102 196 368 735
39 91 184 346 735
40 500 500 500 500
41 86 171 346 719
42 82 172 327 A4
43 82 172 346 735
45 91 163 346 840|
46 86 173 ~345 769
48 86 173 363 416
49 91 163 363 222
50 87 163 363 270
51 88 163 402 464
52 87 174 368 417
53 88 163 347 447
54 92 163 368 312
55 102 152 408 147
56 o3 174 402 145
58 92 173 373 226
59 98 196 373 272
60 101 163 402 304
61 93 174 402 245
62 109 184 348 244
63 127 201 310 193
64 123 208 368 179
66 114 229 439 237
67 119 218 268 211
68 123 254 239 250
69 114 261 291 264
71 127 327 213 288
73 109 208 212 204
74 104 201 198 233
75 117 238 151 171
76 123 390 241 249
77 104 313 281 204
78 113 371 200 179
80 109 638 270 230
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Leachaet recirculation

G2Al f=-

Day Reactor 1 |Reactor 2 |Reactor 3 |Reactor 4
81 338 496 228 227
82 112 395 177 146
83 211 361 197 169
85 276 248 204 198
87 368 278 247 227
88 346 327 242 239
89 504 287 307 346
90 506 318 362 326
91 309 362 449 354
92 265 276 311 352
93 191 263 279 274
94 237 316 316 326
96 207 265 210 276
97 159 241 168 208
98 113 208 104 i 17

100 142 175 148 1,
101 207 241 198 234
102 244 292 292 349
103 90 1ol (8 65
104 158 209, 125 172
106 154 217 154 212
108 166 162 185 | 209
109 190 205 168 . 4,168
110 135 253 144 =134
111 125 136 115 = 120
112 196 150 207 \ 180
114 320 338 310 260
115 174 180 304 199
116 168 185 213 180/
118 257 240 234 186
119 171 206 T 205
120 84 131 194 106/ -
122 183 188 e 555 230,
123 302 226 =280

125 75 135 168 161
126 214 244 230 224
127 145 183 210 230
129 147 213 388 283
130 175 245 301 g
131 155 170 232 221
133 74 194 232 196
134 99 126 184 137
136 149 272 255 193
137 271 298 255 225
139 165 333 270 280
140 340 333 346 256
142 177 246 288 272
143 368 664 468 654
145 191 213 216 225
147 241 455 390 558
148 229 444 433 540
150 620 707 894 834
151 378 792 708 618
152 324 385 442 396
153 425 528 708 470
154 491 433 550 417
155 346 696 566 429
157 302 503 629 580
158 363 565 592 685
160 264 335 376 594
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Table A2 Daily leachate volatile fatty acid loading (mg)fndhe simulated anaerobic

organic waste reactors

Day Reactor 1 |Reactor 2 |Reactor 3 |Reactor 4
1 1349 1478 1534 1441
3 2737 2992 2850 2863
6 1225 2450 4900 9800
7 1225 2450 4900 9800
8 1225 2450 4900 9800
9 1225 2450 4900 9800

10 1225 2450 4900 9800
11 1225 2450 4900 9800
12 1225 2450 4900 9800
13 1225 2450 4900 9800
14 1225 2450 4900 9800
15 1225 2450 4900 9800
16 1225 2450 4900 9800
17 1225 2450 4900 9800
19 1225 2450 4900 9800
20 1225 2450 4900 9800
21 1225 2450 4900 4 9800
22 1225 2450 4900 9800
24 1225 2450 4900 9800
25 1225 2450 4900 9800
27 1225 2450 4900 . 9800
28 1225 2450 4900 1 9800
29 1225 2450 4900 9800
31 1225 2450 4900 9800
33 1225 2450 4900 9800
34 1225 2450 4900 19800
35 1225 2450 4900 ‘9800
36 1225 2450 4900 9800
38 1225 2450 4900 9800
39 1225 2450 4900 9800
40 7500 7159 7500 6478
41 1225 2450 4900 9800 |
42 1225 2450 A900 9800]
43 1225 2450 4900 9800
45 1225 2450 = 4900 9800
46 1225 2450 4900 9800|
48 1225 2450 4900 5200
49 1225 2450 4900 2774
50 1225 2450 4900 3116
51 1225 2450 4900 5472
52 1225 2450 4900 4864
53 1225 2450 4900 5364
54 1225 2450 4900 3900
55 1225 2450 4900 1540
56 1225 2450 4900 1631
58 1225 2450 4900 2446
59 1225 2450 4900 3057
60 1225 2450 4900 2854
61 1225 2450 4900 2449
62 1225 2450 3767 2285
63 1225 2450 3202 1632
64 1225 2450 4143 1741
66 1225 2450 4708 2285
67 1225 2450 2907 1980
68 1225 2450 2388 2079
69 1225 2450 2492 1980
71 1225 2450 1366 1677
73 1225 2450 1587 1963
74 1225 2450 1700 2035
75 1225 2450 1417 1599
76 1225 4391 2211 2399
77 1225 3695 1913 1963
78 1225 4175 1688 1535
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Day Reactor 1 |Reactor 2 [Reactor 3 |Reactor 4
80 1225 6378 2279 1842
81 3624 5315 2195 1705
82 1305 4445 1688 1228
83 2175 4059 1688 1364
85 3220 2561 1993 1646
87 4067 2784 2356 1871
88 3897 3062 2265 1796
89 5044 2940 2718 3118
90 5482 3185 2718 2993
91 2895 3489 2886 3318
92 2779 3101 2664 2935
93 2084 2714 2442 2424
94 2663 3554 2664 2935
96 2132 3231 1804 2756
97 1705 2714 1283 1952
98 1132 2431 990 1868

100 1540 2188 1484 1860
101 2446 3161 2144 2735
102 2747 4103 2741 4109
103 1057 2238 761 790
104 1923 2692 4250 2012
106 1816 2850 1539 2300
108 1709 1979 W73 | 2443
109 2320 2692 1731 , 1681
110 1465 2850 1406 -1681
111 1404 1584 1082 ~1260
112 2095 1974 1776 1686
114 3205 3948 2842 2677
115 1887 2362 3197 1863
116 1618 2160 2131 1754
118 2696 2700 2250 1863
119 1834 2430 2013 1973|
120 809 1350 1776 1096|
122 1834 1760 2189 1944
123 2830 2542 2101 2700} -~
125 786 1467 1401 1512
126 2410 2444 1970 2160
127 1572 711 1576 1728
129 1729 1996 2183 2387
130 1973 2620 1932 2037
131 1625 1980 1739 1930
133 870 2096 1739 1286
134 1161 1531 1534 1158
136 1393 2041 1739 1447
137 2031 2232 1432 1447
139 1394 2184 1518 1576
140 2230 1872 1620 1681
142 1084 1383 1080 1226
143 1723 2490 1755 2451
145 862 1199 810 963
147 1807 2562 1626 2091
148 1506 2220 1626 2252
150 4649 3536 2874 2681
151 2834 3713 2322 2319
152 2126 2166 1659 1484
153 2834 2476 1990 1762
154 2303 2166 1548 1391
155 1949 2321 1327 1206
157 1417 1886 1769 1633
158 1700 2118 1665 1605
160 1360 941 882 1391
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Table A3 Leachate VFA concentration (mg/l) from the simulbémaerobic organic waste

reactors
VFA
Day Reactor 1 [Reactor 2 |Reactor 3 |Reactor 4
1 2934 3214 3409 3068
3 3650 3860 3750 4090
5 5409 5769 5893 5875
6 7943 8076 8840 8750
7 7031 8824 8438 10000
8 8182 9000 10833 10500
9 9750 10500 12656 11785
10 9545 10227 10909 11875
11 9231 11250 12955 12500
12 10000 10313 11563 9375
13 10385 10714 11538 12273
14 10250 10909 12656 11250
15 10385 11250 11591 12955
16 11667 12115 12000 136746
17 11538 12273 12750 13338
19 12000 12500 1.2500 13636
20 11842 11400 11875 13235
21 11250 12750 2773 13393
22 10500 11029 14740 11719
24 10909 12273 14538 11667
25 10313 11250 10909 10385
27 10385 11875 11786 10000
28 13750 14375 12857 13269
29 16304 19773 3#6154] < 15682
31 13125 13750 13838 15000
33 12115 12692 18571 14250
34 11591 13217 13750 14348
35 13125 13500 14818 13696
36 15625 15000 15000 15000
38 12000 12500 13333 13333
39 13500 13333 14167 13333
40 15000 14318 15000} 12955
41 14250 14286 14167 13636
42 15000 14250 15000 13750
43 15000 14250 14167 13333 <"
45 13500 15000 14167 11667|
46 14250 14167 14211 12750
48 14167 4967 13500 12500
49 13500 15000 13333 12500
50 14063 15000 13500 11538
51 14000 15000 12188 11786
52 14063 14148 13333 11667
53 14000 15000 14118 12000
54 13333 15000 13333 12500
55 12000 16071 12000 10500
56 13125 14063 12188 11250
58 13333 14167 13125 10833
59 12500 12500 13125 11250
60 12188 15000 12188 9375
61 13125 14063 12188 10000
62 11250 13333 10833 9375
63 9643 12188 10313 8438
64 10000 11786 11250 9750
66 10714 10714 10714 9643
67 10323 11250 10833 9375
68 10000 9643 10000 8333
69 10714 9375 8571 7500
71 9643 7500 6429 5833
73 11250 11786 7500 9643
74 11786 12188 8571 8750
75 10500 10313 9375 9375
76 10000 11250 9167 9643
77 11786 11786 6818 9643
78 10833 11250 8438 8571
80 11250 10000 8438 8000
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VFA

Day Reactor 1 |Reactor 2 |Reactor 3 |Reactor 4
81 10714 10714 9643 7500
82 11667 11250 9545 8438
83 10313 11250 8571 8071
85 11667 10313 9750 8333
87 11053 10000 9545 8250
88 11250 9375 9375 7500
89 10000 10227 8864 9000
90 10833 10000 7500 9167
91 9375 9642 6429 9375
92 10500 11250 8571 8333
93 10909 10313 8750 8864
94 11250 11250 8438 9000
96 10313 12188 8571 10000
97 10714 11250 9643 9375
98 10000 11667 9545 11667
100 10833 12500 10000 10500
101 11786 13125 10833 11667
102 11250 14063 9375 11786
103 11786 13929 9750 12188
104 12188 12857 10000 11667
106 11786 13125 10000 10833
108 10313 12188 9375 11667
109 12188 13125 10818 10000
110 10833 11250 9750[ * —12500
111 11250 11667 9375 10500
112 10714 13125 8571 11250
114 10000 11667 9167 10313
115 10833 13125 10500 9375
116 9643 11667 10000} 9750
118 10500 11250 9750} 10000
119 10714 11786 8571 9643] -
120 9643 10313 9167 10313
122 10000 9375 6563 8438|
123 9375 11250 _7500 8333
125 10500 10833 8333 9375
126 11250 10000 8571 9643
127 10833 9375 7500 7500
129 11786 9375 6563 8438
130 11250 10714 6429 7500
131 10500 11667 7500 8750
133 11786 10833 7500 6563
134 11667 12188 8333 8438
136 9375 7500 6818 7500
137 7500 7500 5625 6428
139 8437 6563 5625 5625
140 6563 5625 4688 6563
142 5333 5625 3750 4500
143 4688 3750 3750 3750
145 4500 5625 3750 4286
147 7500 5625 4167 3750
148 6563 5000 3750 4167
150 7500 5000 3214 3214
151 7500 4688 3281 3750
152 6563 5625 3750 3750
153 6667 4688 2813 3750
154 4688 5000 2813 3333
155 5625 3333 2344 2813
157 4688 3750 2813 2813
158 4688 3750 2813 2344
160 5156 2813 2344 2344

-
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Table A4 Daily variation of leachate COD concentration (Inffbm the simulated anaerobic
organic waste reactors

COD
Day Reactor 1 |Reactor 2 |Reactor 3 |Reactor 4
64192 64736 63648 63104
64192 64192 64464 64736
52224 65824 69632 66912
59840 61472 64192 63648
11 60928 61472 63648 62016
13 58752 59296 63104 59840
16 57664 58208 52224 53856
21 48416 63104 60384 58752
27 54400 64736 63648 59840
29 52224 59296 50592 53812
31 48416 46784 46784 351136
33 47040 56000 47040 51520
35 47040 53760 49280 56000
38 51520 49280 49280 56000
42 47040 51520 49230 153760
46 53760 49280 53760 49280
49 53760 58240 58760 64960
51 51520 60480 56000 62720
55 44800 67200 64960 q.72b0
59 58240 56000 58240 62720
62 51130 63490 57010 52080
67 43010 51130 57010 55:].40
71 44800 51520 61600 47040
76 49600 46400 62400 54400
81 64000 54400 64000 60800]"
89 44800 46400 48400 44800("
96 57120 54880 67200 56000
102 53760 51520 60480 45920
109 51520 49280 57120 51440
115 51520 53760 50400 443800
122 49600 51130 42560 44800
129 52640 443800 39200 42560
134 53760 52640 45920 47040
142 34720 33600 32400 30240
150 35840 31360 29120 31360
157 32480 28000 25760 24640
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Table A5 Leachate VFA/COD ratio from the simulated anaer@vganic waste reactors.

Day Reactor 1 |Reactor 2 |Reactor 3 |Reactor 4
3 0.06 0.06 0.06 0.06
5 0.08 0.09 0.09 0.09
7 0.13 0.13 0.12 0.15
9 0.16 0.17 0.20 0.19
11 0.15 0.18 0.20 0.20
13 0.18 0.18 0.18 0.21
16 0.20 0.21 0.23 0.25

21 0.23 0.20 0.20 0.23
27 0.19 0.18 0.19 0.17
29 0.31 0.33 0.32 0.29
31 0.27 0.29 0.28 0.29
33 0.26 0.23 0.29 0.28
35 0.28 0.25 0.29 0:24
38 0.23 0.25 0:27| = 0.24
42 0.32 0.28 0-30 0.26
46 0.27 0.29 0.26 0.26
49 0.25 0726 0.25 | 019
51 0.27 0.25 0.22 ' 0.19
55 0.27 0.24 0.18 : 0.16
59 0.21 0.22 0.23 ~0.18
62 0.22 0.21 0:19 1048
67 0.24 0.22 0.19 '0.17
71 0.22 015 0.10 0,12
76 0.20 0.24 gl 0.18
81 0.17 0.20 0.15 0.12
89 0.22 0.22 0.18 0.20{/,
96 0.18 0.22 0:13 0:18
102 0.21 0.27 =016 0.26
109 0.24 0.27 0.18 0.19
115 0.21 = 024 0.21 0.21
122 0.20 «0:18 0.15 0.19
129 0.22 0.21 0.17 0.20
134 0.22 0:23 0.18 0.18
142 0.17 0.17 0.12 0.15
150 0.2% 0:16 0.11 0:10
157 0.14 0.13 0.11 0:11
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Table A6 Temperature profile (Celsius) during anaerobioventation

Day Temperature

1 29

3 29

5 31

6 29

7 29

8 30

9 28
10 31
11 30
12 27
13 29
14 28
15 30
16 30
17 31
19 30
20 30
21 31
22 30
24 29
25 29
27 32
28 30
29 30
31 31
33 30
34 25
35 28
36 29
38 32
39 32
40 28
41 30
42 30
43 30
45 30
46 31
48 30
49 27
50 28
51 29
52 28
53 30
54 29
55 28
56 28
58 28
59 28
60 30
61 28
62 28
63 27
64 26
66 28
67 28
68 28
69 30
71 31
73 30
74 30
75 29
76 28
77 28
78 28
80 26
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Day Temperature
81 29
82 26
83 28
85 30
87 30
88 32
89 32
90 32
91 32
92 32
93 30
94 33
96 31
97 29
98 28
100 29
101 32
102 31
103 27
104 28
106 28
108 27
109 27
110 27
111 26
112 30
114 32
115 30
116 30
118 31
119 30
120 28
122 29
123 33
125 28
126 32
127 30
129 32
130 32
131 29
133 28
134 28
136 29
137 30
139 29
140 30
142 30
143 31
145 30
147 30
148 29
150 32
151 32
152 30
153 31
154 30
155 29
157 30
158 31
160 28

96



Table A7 Leachate pH from the simulated anaerobic orgamaistevreactors.

- 'J"J

=

pH
Day Reactor 1 [Reactor 2 |Reactor 3 |Reactor 4
1 7.21 7.62 6.67 7.49
3 6.21 6.10 5.82 5.90
5 5.64 5.52 5.60 5.47
6 5.72 5.56 5.58 5.78
7 5.59 5.61 5.69 5.58
8 5.52 5.55 5.58 5.60
9 5.43 5.54 5.51 5.62
10 5.51 5.52 5.61 5.67
11 5.74 5.89 5.75 5.87
12 5.53 5.51 5.52 5.60
13 5.68 5.73 5.67 5.71
14 5.89 5.92 5.83 5.91
15 5.81 5.74 5.77 5.80
16 5.79 5.69 Sui2 576
17 5.61 5.69 5.67 5.7
19 5.64 5.69 5.64 5.68
20 571 5.73 5.69 45.70
21 5.62 5.63 5.64 5.70
22 5.57 5.5 5.62 5.59
24 5.45 5.44 5,50 5.43
25 5.62 5.64 5.68 5.57
27 5.50 5.53 5.46 \5.47
28 5.76 5.88 Sivg 5.75
29 5.83 5.85 5.87 5.88
31 5.74 5.74 5176 5.82
33 5.70 5_#0 5. 70 5.83
34 5.48 5.47 551 5.59
35 5.53 5.48 545 561
36 5.86 5. 77 579 5.99
38 5.76 5.69 5.85|; 5.80
39 5.87 5.80 6.00| 6.13
40 5.53 5.49 5.56|. 5.74
a1 6.32 6.22 6.13 6.44]
42 5.93 5.92 5.93 6.14
43 5.98 5.90 5.88 = -
45 5.75 5.65 58 6106 )=
46 5.96 5,90 5.91 6.22
48 6.30 6123 6.35 6.86
49 6.35 6725 6.29 7.21
50 6.31 6.28 6.40 7.18
51 5.91 5.62 5.67 6.94
52 6.21 6.04 6.09 7.35
53 6.24 6.24 6.45 7.63
54 6.33 6.15 6.54 7.738
55 6.32 6.22 6:/53 7.81
56 6.32 6.25 6.61 8.10
58 6.37 6.31 6.48 7.72
59 6.20 6.45 6.50 7.86
60 6.21 6.15 6.75 7.59
61 6.05 6.02 6.99 777
62 6.17 6.21 7.04 7.82
63 6.17 5.93 7.02 7.60
64 5.77 5.80 7.13 7.15
66 6.12 5.59 7.17 7.23
67 5.98 5.81 7.33 7.32
68 6.06 5.74 7.26 7.45
69 6.18 5.68 7.04 7.21
71 6.15 5.53 6.96 7.00
73 7.04 7.00 7.86 7.84
74 7.06 7.11 7.78 7.83
75 7.24 7.35 7.80 7.76
76 7.51 7.52 7.79 7.73
77 7.46 7.30 7.76 7.81
78 7.52 7.50 7.62 7.58
80 7.74 7.72 7.75 7.90
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- 'J d

g

pH
Day Reactor 1 [Reactor 2 |Reactor 3 [Reactor 4
81 7.60 7.78 7.80 7.82
82 7.75 7.70 7.85 7.77
83 7.62 7.65 7.88 7.71
85 7.64 7.58 7.81 7.77
87 7.57 7.55 7.74 7.60
88 7.81 7.60 7.86 7.86
89 7.66 7.65 7.77 7.82
90 7.73 7.75 7.92 7.86
91 7.95 7.89 8.04 7.94
92 7.92 7.73 7.82 7.84
93 7.90 7.71 8.01 7.95
94 8.05 7.90 8.15 7.98
96 7.89 7.80 8.08 .62
97 7.84 7.82 8.14 | F &
98 7.81 7.73 S2D Vrar
100 7.92 7.84 8.10 7.62
101 7.88 7.82 7.94 ,7.68
102 7.94 7.86 7.83 7.59
103 7.63 7.9% 8,09 7.66
104 7.88 8.02 (¥ ¥ 7.68
106 7.78 8.06 cF 2 7.%%
108 7.91 8.04 8.20 .2
109 7.66 8.43 3 7.78
110 7.58 7.86 8,24| 7.69
111 7.43 7.79 8.18 7.84
112 7.87 w75 8.02 7.64
114 7.39 7.55 8413 7162
115 7.60 7.84 8.11 7.59
116 7.54 7.84 8.16{; 7:58
118 7.61 8.09 38.18| 747
119 7.59 7.94 8.071~ 7.58)
120 7.51 7.50 8,44 YA
122 7.15 7.55 7769 7:32]
123 7.46 7.67 789 754w
125 7.15 7.28 EsZ 7.26|
126 7.08 7438 7.59 720l
127 7.47 [ &3T 769 e
129 7.37 .54 8.08 6.96
130 7.28 762 7.93 22
131 7.38 7.61 8.02 7.34
133 7.50 7.67 7.77 7.38
134 7.10 7.31 7.37 7.25
136 7.22 748 7.41 7715
137 7.33 7.45 7.59 7.01
139 7.21 7.42 7.63 7.09
140 6.94 7.41 7.58 6.95
142 7105 7.32 ¥ 28 7p0%
143 7.02 7.26 7.28 7.07
145 7.03 7.14 7.24 7.09
147 6.86 6.97 7.21 7.00
148 7.02 7.10 7.14 7.05
150 6.89 7.22 7.33 7.14
151 7.03 7.33 7.40 7.29
152 7.15 7.35 7.46 7.08
153 7.08 7.26 7.42 7.11
154 7.12 7.38 7.36 7.15
155 7.15 7.52 7.22 7.06
157 7.21 7.48 7.15 7.14
158 7.26 7.48 7.39 7.39
160 7.36 7.58 7.65 7.37
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Table A8 Leachate ORP (mV) from the simulated anaerobicrocgaaste reactors.

[ 3

- 'J"J

g™

ORP
Day Reactor 1 |Reactor 2 [Reactor 3 [Reactor 4
1 5.2 8.4 1.8 5.6
3 -198.4 -225.2 -232.9 -184.5
5 -184.6 -198.4 -208.2 -230.5
6 -168.4 -174.6 -196.5 -182.5
7 -184.8 -179.2 -229.6 -235.1
8 -162.4 -151.8 -172.7 -210.3
9 -170.0 -139.8 -143.2 -235.3
10 -160.8 -151.6 -159.4 -185.0
11 -142.2 -133.8 -175.6 -169.3
12 -156.8 -142.6 -143.5 -174.0
13 -136.2 -151.3 -145.8 -167.4
14 -134.6 -138.0 -156.5 -152.2
15 -138.7 -125.3 -141.1 -146.8
16 -135.8 -116.7 -120.3 -11254
17 -162.1 -157.6 -144.2 170 8
19 -154.3 -135.9 -146.6 -T56 &
20 -138.4 -144.5 5l D 758 -169.3
21 -111.2 -140.6 -177.3 -215.6
22 -164.3 -159.7 -146.2 -161.8
24 -219.6 -215.3 -186 5 -194.7
25 -196.3 -186.5 -1899 .4 -18149
27 -209.7 -195°3 =190.2 -184.6
28 -195.0 -145.9 #5359 -170.5
29 -143.3 -176:8 =138 8 -128.3
31 -129.3 -138.0 JdoFq)d 151498
33 -175.4 -165.7 -141.6 -155.0
34 -144.7 -144.3 - WP 286 -128.1
35 -122.2 -101.0 s104.5 -129.9
36 -160.8 -142.7 -126.0 -134.3
38 -151.7 -162.4 -141.8 =1, 7298
39 -157.3 -179.4 -132.0[ -188.2
40 -124.6 -151.0 -116.5) -174.3
41 -190.9 -184.7 -144.3] -203.8
42 -203.7 -204.0 -169.0 -214.6
43 -184.2 -184.3 -135:0 =190:6]
45 -214.9 -179.7 -15053 -22148[ =
46 -228.5 -197.8 -177.7 -243.6]
48 -169.2 -238.4 -176.0 -194.9
49 -168.8 -188+( =172 =218+
50 -172.4 -178.6 -169.5 -225.4
51 -140.1 -189:4 =ill58). 5 -261.8
52 -158.6 -185.6 -165.0 -282.3
53 -142.4 -182°6 -158.0 -285.2
54 -134.7 -188.2 -157.0 -337.2
55 -136.7 -206.6 -154.8 -345.8
56 -164.6 -186.2 -163.5 -332.6
58 -161.2 -195.4 -181.4 -345(8
59 -174.3 -198.7 -178.5 -342.7
60 -182.9 -204.2 -184.4 -353.8
61 -192.0 =198l -185:2 -355.74
62 -187.5 -201.4 -191.3 -372.6
63 -151.6 -198.0 -182.5 -358.4
64 -178.6 -159.8 -172.4 -339.1
66 -189.6 -219.8 -237.0 -372.3
67 -187.7 -217.6 -217.7 -382.5
68 -191.3 -225.6 -233.4 -391.5
69 -189.5 -219.3 -229.6 -388.7
71 -195.0 -228.3 -258.2 -394.7
73 -178.3 -240.7 -274.6 -408.6
74 -183.7 -243.0 -270.6 -388.2
75 -177.8 -254.3 -282.5 -398.6
76 -168.4 -260.6 -280.8 -402.5
77 -177.7 -252.3 -262.3 -386.5
78 -200.3 -326.5 -398.8 -425.6
80 -294.8 -412.3 -376.5 -419.5
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ORP
Day Reactor 1 |Reactor 2 |Reactor 3 |Reactor 4
81 -270.2 -432.5 -461.0 -442.9
82 -282.2 -440.4 -455.7 -435.4
83 -298.4 -435.2 -468.6 -455.2
85 -321.8 -441.2 -465.8 -446.0
87 -363.1 -433.6 -469.4 -468.2
88 -223.1 -440.3 -471.8 -474.3
89 -356.0 -442.9 -461.6 -459.0
90 -324.8 -447.5 -474.2 -468.6
91 -260.9 -433.0 -432.2 -473.0
92 -254.3 -438.1 -477.8 -478.5
93 -373.2 -446.5 -A71.4 -462.7
94 -297.6 -440.5 -479.5 -468.3
96 -317.0 -432.4 -440.9 476 77
97 -324.1 -429.5 -411.8 -446.4
98 -335.7 -408.6 -405.3 45142
100 -342.9 -410.3 -409.4 -442 %
101 -346.8 -400.3 -411.6 -437.2
102 -357.2 -392.7 -414.0 -445.5
103 -348.2 -382.:6 -418"5 422.4
104 -355.4 -384.6 -416.8 -428.1
106 -326.8 -374°0 *405.6 -413.8
108 -353.7 -351.4 -889.7 -398.9
109 -283.9 -374.3 42047 -442.6
110 -356.7 -366.2 385.1| " —-399'5
111 -399.8 -352.0 =T ¥ | -386.5
112 -284.9 -325.4 -834.7 -389.9
114 -250.1 -319.3 -284.6 -372.5
115 -256.2 -338.1 -20(2.5 -393.7
116 -264.3 -298.6 -285.4) ~ -354.2
118 -323.4 -271.6 =252.3) - -341.2
119 -298.6 -292.5 -284.4 -328:1} -
120 -283.3 -363.5 -324:8 -400.8
122 -404.5 -335.4 -3984 -388.2|
123 -372.2 -299.0 -363.8 -401.:3| -
125 -420.6 -353.4 -409.7 -385.2
126 -430.4 -359.5 -419.1 -385.7
127 -420.9 -369.4 -405.9 -392.4
129 -410.6 -32Z.5 -372.0 -355.2
130 -400.2 -357.4 -388.9 -392.1
131 -382.1 -35874 -366.2 -384.5
133 -358.3 -323.8 -355.4 -356.,1
134 -293.9 -286+0 -271.8 -326:9
136 -334.6 -314:8 -328.9 1319.4
137 -354.8 -3086 -335.6 -333.8
139 -355.4 -311.3 -345.2 -321.8
140 -369.2 -291.5 -355.1 -364.3
142 -412.5 <399.6 -421.3 -408.4
143 -409.8 1386.3 -435/4 “398.6
145 L427.4 -435.8 -450.2 -421.3
147 -410.3 -419.5 -440.7 -389.6
148 -398.5 -405.6 -411.3 -395.4
150 -441.6 -411.5 -421.5 -418.3
151 -416.2 -418.7 -435.0 -425.6
152 -408.7 -416.8 -425.3 -400.2
153 -400.3 -412.6 -412.7 -395.4
154 -415.6 -430.5 -426.8 -418.7
155 -434.2 -433.6 -444.5 -432.6
157 -410.5 -435.2 -430.6 -428.7
158 -400.8 -433.2 -421.4 -416.5
160 -315.2 -400.5 -427.6 -454.9

d .l
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Table A9 Leachate alkalinity from the simulated anaerobganic waste reactors

Alkalinity
Day Reactor 1 |Reactor 2 |Reactor 3 |Reactor 4
1 7500 7500 7727 7391
3 4545 4250 4474 4596
5 5357 6000 5417 5652
7 7500 7941 7813 7708
9 6333 8000 7188 8571
12 7500 7500 7293 6667
14 8333 6818 9063 8929
16 7222 8462 8000 8235
21 7000 7500 7727 7851
27 7308 7083 7500 7222
29 9565 10909 9615 9091
31 7917 8333 8333 4 9259
34 8636 8667 7917 8696
35 7083 8000 A 7826
38 9000 8333 8333 8889
40 8500 8182 8333 | 8182
43 10556 9500 9445 , 8889
45 9000 8500 8889 7778
46 9500 8889 8421 ~8500
48 8889 10556 10500 10000
51 10000 10625 8750 9286
54 8571 11250 9231 9375
56 9000 10714 9000 8182
59 8333 8333 9375 8125
61 11875 10000 10000 10000{
63 9286 8125 8125 7500(
66 8571 6429 7143 TR (S
71 7143 6250 6429 6667
73 10833 12142 10714 10714
75 10714 10625 10000 8333
77 9286 10000 8182 9286
81 10714 11429 10714 10714
88 10000 10625 9375 107214
91 10625 10714 10714 11250
96 11875 11250 10000 10625
102 10625 11250 10625 13571
109 14875 11875 10625 11667
115 10000 11250 10000 12500
120 10714 10000 10714 11250
123 10000 10625 10000 10625
129 12143 8750 9375 11250
134 10625 9375 10000 11250
140 8750 8125 7500 6875
145 8750 7500 7500 6250
151 11250 11875 8750 8750
157 9375 10000 7500 8750
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Table Al0Leachate total Kjeldahl nitrogen (mg/l) from thensiated anaerobic organic
waste reactors

Day Reactor 1 |Reactor 2 |Reactor 3 [Reactor 4
5 1205 1386 1248 1210

21 1448 1504 1725 1810

45 1582 1644 1824 2006

66 1848 2268 2044 2416

88 1962 2080 2306 2240

109 1806 1902 2388 2150

129 1976 2008 1956 2010

157 1564 1982 1868 1806

Table AllLeachate orthophosphate (mg/l) framthe simulatexkeobic organic waste
reactors

Day Reactor 1 |Reactor 2 _jReacior 3 [Reactor 4
5 186 196 163 188

21 256 364 343 426

45 296 312 382 ‘440

66 322 334 392 . 306

88 238 315 327 280

109 232 285 276 268

129 168 194 246 230

157 215 228 196 218
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Table B1 Daily biogas productions (ml) from the simulatedearobic organic waste reactors

Daily Biogas
Day Reactor 1 |Reactor 2 [Reactor 3 [Reactor 4
1 730 760 765 770
3 240 210 250 300
5 290 300 300 310
6 290 270 280 280
7 210 260 290 280
8 180 200 270 280
9 120 150 180 160
10 180 190 185 190
11 150 190 220 270
12 70 80 130 100
13 130 160 180 220
14 120 190 180 190
15 140 180 210 220
16 150 260 270 250
17 220 240 280 240
19 250 280 290 300
20 130 160 150 180
21 160 175 260 340
22 110 130 160 140
24 50 90 175 140
25 70 100Q 140 110
27 120 150 250 | 200
28 100 180 160 1130
29 140 240 210 180
31 150 300 250~ 270
33 250 150 200 180
34 90 80 60 160
35 180 250 180 160
36 175 160 190 170
38 280 250 250/, 250] .-
39 280 250 220 260]
40 50 100 125 120
41 170 140 125 20T
a2 135 160 200 240}
43 200 120 150 ZIopF
45 175 150 5220 2005 i
46 270 250 225 S0 [
48 100 120 160 220
49 75 | 00 120 160
50 80 420 150 180
51 160 120 170 280
52 140 150 160 250
53 250 150 180 275
54 180 180 160 200
55 120 80 100 170
56 100 70 90 180
58 120 140 180 270
59 180 150 260 300
60 220 260 250 280
61 120 100 140 225
62 130 140 200 210
63 120 120 170 150
64 100 90 220 160
66 180 180 250 210
67 180 200 280 200
68 140 160 230 210
69 160 150 240 200
71 190 210 250 240
73 240 240 280 270
74 250 280 300 280
75 200 210 250 220
76 180 200 260 220
77 200 170 225 180
78 100 180 200 150
80 130 275 270 180




250~ i=-

Daily Biogas

Day Reactor 1 |Reactor 2 |Reactor 3 |Reactor 4
81 250 275 260 250
82 90 230 200 180
83 150 210 200 200
85 190 230 220 220
87 240 250 260 250
88 230 275 250 240
89 230 240 250 250
90 250 260 250 240
91 250 270 260 260
92 240 240 240 230
93 180 210 220 190
94 230 275 240 230
96 225 250 225 240
97 180 210 160 170
98 125 200 120 125
100 170 180 180 170
101 270 260 260 y 250
102 260 275 270 260
103 100 150 7oy 50
104 180 170 130 140
106 170 180 160 | 160
108 160 125 180 1170
109 190 170 160 .160
110 120 180 130[" 160
111 115 100 100 120
112 170 130 75 170
114 260 260 280 270
115 175 175 270 170
116 150 160 180[ 160| -
118 250 200 190 170
119 170 180 170 180} -
120 75 100 150 100
122 175 180 250 180
123 270 260 - 240
125 75 150 160 140
126 230 250 225 200
127 150 175 180 160
129 150 175 220 210
130 170 225 200 190
131 140 170 180 180
133 75 180 180 120
134 100 120 150 120
136 120 160 170 150
137 175 175 140 150
139 125 175 150 150
140 200 150 160 160
142 120 150 160 140
143 200 270 260 280
145 100 130 120 110
147 120 150 140 130
148 100 130 140 140
150 250 220 270 250
151 160 240 210 250
152 120 140 150 160
153 160 160 180 190
154 130 140 140 150
155 110 150 120 130
157 120 150 160 160
158 150 180 170 150
160 120 80 90 130
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Table B2 Cumulative biogas productions (ml) from simulate@erobic organic waste

reactors
Cumulative biogas
Day Reactor 1 [Reactor 2 |Reactor 3 |Reactor 4
1 730 760 765 770
3 970 970 1015 1070
5 1260 1270 1315 1380
6 1550 1540 1595 1660
7 1760 1800 1885 1940
8 1940 2000 2155 2220
9 2060 2150 2335 2380
10 2240 2340 2520 2570
11 2390 2530 2740 2840
12 2460 2610 2870 2940
13 2590 2770 3050 3160
14 2710 2960 3230 3350
15 2850 3140 3440 3I5FQ
16 3000 3400 3710 3820
17 3220 3640 3990 4060
19 3470 3920 4280 4360
20 3600 4080 4430 4540
21 3760 4255 4690 4880
22 3870 4385 4850 5020
24 3920 4475, 5025 5160
25 3990 4575 ¥ 51 5270
27 4110 4725 5445 5470
28 4210 4905 5575 5600
29 4350 5145 57853 5780
31 4500 5445 6035 6050
33 4750 5595 6235 6230
34 4840 5675 6295 6290
35 5020 5925 6475 6450
36 5195 6085 6665 6620
38 5475 6335 6915 6870
39 5755 6585 7135} 7130
40 5805 6685 72604 7250
41 5975 6825 7385 7450
42 6110 6985 7585 7690
43 6310 7105 (3D 7900] -
45 6485 7255 7955 8100|
46 6755 7505 8180 8430
48 6855 77 Gl 3340 3650
49 6930 7125 8460 8810
50 7010 7845 8610 8990
51 7170 7965 8780 9270
52 7310 8115 8940 9520
53 7560 8265 9120 9795
54 7740 8445 9280 9995
55 7860 8525 9380 10165
56 7960 8595 9470 10345
58 8080 8735 9650 10615
59 8260 8885 9910 10915
60 8480 9145 10160 11195
61 8600 9245 10300 11420
62 8730 9385 10500 11630
63 8850 9505 10670 11780
64 8950 9595 10890 11940
66 9130 9775 11140 12150
67 9310 9975 11420 12350
68 9450 10135 11650 12560
69 9610 10285 11890 12760
71 9800 10495 12140 13000
73 10040 10735 12420 13270
74 10290 11015 12720 13550
75 10490 11225 12970 13770
76 10670 11425 13230 13990
77 10870 11595 13455 14170
78 10970 11775 13655 14320
80 11100 12050 13925 14500
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Cumulative biogas

21068 mat==

Day Reactor 1 [Reactor 2 |Reactor 3 [Reactor 4
81 11350 12325 14185 14750
82 11440 12555 14385 14930
83 11590 12765 14585 15130
85 11780 12995 14805 15350
87 12020 13245 15065 15600
88 12250 13520 15315 15840
89 12480 13760 15565 16090
90 12730 14020 15815 16330
91 12980 14290 16075 16590
92 13220 14530 16315 16820
93 13400 14740 16535 17010
94 13630 15015 16775 17240
96 13855 15265 17000 17480
97 14035 15475 17160 17650
98 14160 15675 17280 gy

100 14330 15855 17460 17945
101 14600 16115 17720 18195
102 14860 16390 17990 18455
103 14960 16540 18065 18505
104 15140 16710 18495 18645
106 15310 16890 18355 18805
108 15470 17015 #8585 18975
109 15660 17485 18695 19135
110 15780 17365 18325| " 19295
111 15895 17485 18925 19415
112 16065 17595 19100 19585
114 16325 17855 19380 19855
115 16500 18030 19650 20025
116 16650 18190 19830} 20185| °
118 16900 18390 20020 20355
119 17070 18570 20190 2055
120 17145 18670 20340 20635
122 17320 18850 20590 20815
123 17590 19110 20830

125 17665 19260 20990 21205
126 17895 19510 21215 21405
127 18045 19685 21395 21565
129 18195 19860 21615 205445
130 18365 20085 21815 21965
131 18505 20255 21995 22145
133 18580 20435 22175 22265
134 18680 20555 22325 22385
136 18800 20715 22495 22535
137 18975 20890 22635 22685
139 19100 21065 22785 22835
140 19300 21215 22945 22995
142 19420 21365 23105 23135
143 19620 21635 23365 23415
145 19720 21765 23485 23525
147 19840 21915 23625 23655
148 19940 22045 23765 23795
150 20190 22265 24035 24045
151 20350 22505 24245 24295
152 20470 22645 24395 24455
153 20630 22805 24575 24645
154 20760 22945 24715 24795
155 20870 23095 24835 24925
157 20990 23245 24995 25085
158 21140 23425 25165 25235
160 21260 23505 25255 25365

107



108

Table B3 Methane compositions (percentage) in biogas fimensimulated anaerobic organic

waste reactors

Methane Percentage

Day Reactor 1 |Reactor 2 |Reactor 3 |Reactor 4
7 2.50 2.95 3.83 5.00
10 6.32 11.21 14.3 16.89
13 12.67 15.59 18.86 22.80
16 16.22 17.41 16.10 27.01
21 10.22 24.06 21.13 29.54
25 13.29 16.75 25.36 24.82
28 11.68 17.38 29.43 23.64
33 13.47 15.59 36.81 24.58
35 14.58 17.26 25.88 1812
38 16.23 18.16 27.50 2418
41 24.84 23.27 29.57| _ 33.41
46 18.35 28.34 28:63 39.57
48 25.38 28.34 33482 45.50
51 28.24 35.62 38!66 51.38
55 34.40 36.84 43024 1 56.62
61 35.28 38163 49/56 .60.46
67 32.18 38.46 54.65 58.24
73 40.15 45.28 56.68 60.58
78 42.64 48.32 56.28 56.84
85 49.84 55.68 60.40 62.35
91 52.63 58.74 61.66 63.80|
98 50.32 55.26 63.44 60.78
112 51.36 56.24 56:38 52.19
122 52.40 54.32 58.36 56.84]
130 52.75 55.46 56.83 53.60|
139 50.68 54.25 - 56.24 58.36
147 44.28 50.23 48.38 53.62
151 42.18 18.35 50.26 46.38
158 40.48 45:26 44.53 48.65
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Table B4 Daily Methane gas (ml) in biogas from the simulatetherobic organic waste

reactors
Daily Methane gas
Day Reactor 1 |Reactor 2 |Reactor 3 |Reactor 4

7 5 8 11 14

8 5 6 10 14

9 3 4 7 8
10 11 21 26 32
11 9 21 31 46
12 4 9 19 17
13 16 25 34 50
14 15 30 34 43
15 18 28 40 50
16 24 45 43 68
17 36 42 45 65
19 41 49 47 84
20 21 28 24 19
21 16 42 55 100
22 11 3 34 41
24 5 22 =l 41
25 9 b 36 74
27 16 25 of 4 50
28 12 31 a7 | 31
29 16 42 62 ] 43
31 18 52 74 .64
33 34 23 74 - ¥ 44
34 12 74 22 = 15
35 26 43 e i 29
36 26 28 49 31
38 45 45 69 -~ 60
39 45 45 +.61 63
40 8 18 34 F 29
41 42 33 37 67
42 34 37 50, 80|
43 50 28 44 O
45 43 35 65 67
46 50 71 64 439} §
48 25 34 54 100
49 19 28 41 73
50 20 34 51 82
51 45 43 66 144
52 40 53 62 128
53 71 53 70 141
54 51 64 62 103
55 41 29 41 96
56 34 26 K« | 102
58 41 52 74 153
59 62 55 107 170
60 76 96 103 159
61 42 39 69 136
62 46 54 99 127
63 42 46 84 o1
64 35 35 109 97
66 64 70 124 127
67 58 77 153 116
68 45 62 126 122
69 51 58 131 116
71 61 81 137 140
73 96 109 159 164
74 100 127 170 170
75 80 95 142 133
76 72 91 147 133
77 80 77 128 109
78 43 87 113 85
80 55 133 152 102




Daily Methane gas

114

Day Reactor 1 |Reactor 2 [Reactor 3 |Reactor 4
81 107 133 146 142
82 38 111 113 102
83 64 101 113 114
85 95 128 133 137
87 120 139 157 156
88 115 153 151 150
89 115 134 151 156
90 125 145 151 150
91 132 159 160 166
92 126 141 148 147
93 95 123 136 121
94 121 162 148 147
96 118 147 139 153
97 95 123 99 108
98 63 111 76 76

100 86 99 114 103
101 136 144 165 152
102 131 152 et 158
103 50 83 48 30
104 92 100 73 77
106 86 106 96 88
108 81 73 108 94
109 97 100 96 88
110 61 106 78 . 88
111 59 59 60 66
112 87 73 99 = 89
114 134 146 158 L 141
115 90 98 152 89
116 77 90 101 .84
118 128 112 107 ‘89
119 87 101 96 . /94
120 39 56 85 1
122 92 98 146 102|
123 141 141 140 142]
125 39 81 =93 .80
126 121 136 131

127 79 95 105 91
129 79 95 128 119
130 90 425 114 102
131 74 94 102 96
133 40 200 102 64
134 53 67 85 64
136 63 89 97 80
137 92 ov 80 80
139 63 95 84 88
140 101 81 90 93
142 61 81 90 82
143 101 146 146 163
145 51 71 67 64
147 53 75 68 70
148 44 65 68 75
150 111 111 131 134
151 67 116 106 116
152 51 68 75 74
153 67 77 90 88
154 55 68 70 70
155 46 73 60 60
157 51 73 80 74
158 61 81 76 73
160 49 36 40 63
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Table B5 Cumulative methane gas (ml) from the simulated ariae organic waste reactors

Cumulative Methane Gas

Day Reactor 1 |Reactor 2 |Reactor 3 |Reactor 4
7 5 8 11 14
8 10 14 21 28
9 13 18 28 36

10 24 39 55 68
11 34 61 86 114
12 38 70 105 131
13 55 95 139 181
14 70 124 173 224
15 87 152 212 274
16 112 197 256 342
17 147 239 301 407
19 188 288 348 488
20 209 316 372 586
21 225 358 427 637
22 237 389 460 678
24 242 411 497 719
25 251 428 533 747
27 267 453 596 796
28 279 484 643 827
29 295 oFc 705 870
31 313 578 i 49 | 933
33 346 601 352 978
34 358 614 875 _ 992
35 385 V" 4 921 1021
36 410 685 970 11052
38 456 730 1039 gLTT3
39 501 7% 1100 1176
40 509 793 1134 1205
41 551 826 1171 1271
42 585 863 1230 1352
43 635 891 1274 1422{
45 678 926 1339 1489f «
46 728 997 1404 1639
48 753 1031 1458 1719
49 772 1059 1499 1792
50 792 1093 1549 1874
51 838 1436 1615 2018
52 877 1189 1677 2146
53 948 1243 1746 2288
54 998 1307 1808 2390
55 1040 1337 1850 2487
56 1074 1362 1887 2588
58 1115 1414 1961 2741
59 1177 1469 2068 2911
60 1253 1565 2171 3070
61 1295 1604 2241 3206
62 1341 1658 2340 3883
63 1384 1704 2424 3423
64 1419 1739 2533 3520
66 1482 1808 2657 3647
67 1540 1885 2810 3764
68 1585 1947 2936 3886
69 1637 2004 3067 4002
71 1698 2085 3203 4142
73 1794 2194 3362 4306
74 1895 2321 3532 4475
75 1975 2416 3674 4609
76 2047 2506 3821 4742
77 2128 2583 3949 4851
78 2170 2670 4061 4936
80 2226 2803 4213 5039




Cumulative Methane Gas

Day Reactor 1 |Reactor 2 [Reactor 3 |Reactor 4
81 2332 2936 4360 5181
82 2371 3047 4472 5283
83 2435 3149 4585 5397
85 2529 3277 4718 5534
87 2649 3416 4875 5690
88 2764 3569 5026 5839
89 2878 3703 5177 5995
90 3003 3847 5328 6145
91 3134 4006 5488 6311
92 3261 4147 5636 6457
93 3355 4270 5772 6579
94 3476 4432 5920 6725
96 3595 4579 6058 6879
97 3690 4702 6157 6987
98 3752 4813 6233 4068

100 3838 4912 6347 7166
101 3974 5056 6512 7318
102 4105 5208 6683 7476
103 4155 5291 6731 7507
104 4247 5390 6809 7584
106 4333 5496 6905 7672
108 4414 5569 7014 1 7766
109 4511 5669 7110 . 7855
110 4572 5774 7188 ~7943
111 4631 5883 7248 ~8010
112 4718 5906 1347 8098
114 4852 6052 7504 8239
115 4941 6151 7657 8328
116 5018 6241 FI58 8412
118 5147 6353 7865 8500
119 5234 6455 796% 8594
120 5273 6511 8046 8646/
122 5364 6609 8192 8749
123 5506 6750 8332 8891
125 5545 6831 8425 8970
126 5666 0967 8556 9084
127 5744 7062 8661 9175
129 5823 1157 8790 9294
130 5913 7282 8903 9396
131 5986 7376 9006 9493
133 6026 7476 9108 9557
134 6079 7543 9193 9627
136 6142 7631 9290 9702
137 6234 7728 9369 9782
139 6298 7823 9454 9870
140 6399 7905 9544 9963
142 6460 7986 9634 10045
143 6561 8133 9780 10208
145 6612 8203 9847 10272
147 6665 8278 9915 10342
148 6709 8344 9983 10417
150 6820 8454 10114 10551
151 6887 8570 10219 10667
152 6938 8638 10295 10741
153 7006 8715 10385 10829
154 7060 8783 10455 10899
155 7107 8856 10516 10959
157 7157 8928 10596 11034
158 7218 9010 10672 11107
160 7267 9046 10712 11170
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Table B6 Daily methane gas output per daily volatile fattydaloading input (ml CH4/ mg

VFA loading) from the simulated anaerobic organaste reactors

Daily CH4/Daily VFA loading
Day Reactor 1 |Reactor 2 |Reactor 3 |Reactor 4

7 0.004 0.003 0.002 0.001

8 0.004 0.002 0.002 0.001

9 0.002 0.002 0.001 0.001
10 0.009 0.009 0.005 0.003
11 0.008 0.009 0.006 0.005
12 0.004 0.004 0.004 0.002
13 0.013 0.010 0.007 0.005
14 0.012 0.012 0.007 0.004
15 0.014 0.011 0.008 0.005
16 0.020 0.018 0.009 0.007
17 0.029 0.017 0.009 0.007
19 0.033 0.020 0.010 0,008
20 0.017 0.011 0.005 0:005
21 0.013 0.017 0.011 ; 0.010
22 0.009 0.013 0.007 0.004
24 0.004 0.009 0.008 0.004
25 0.008 0.007 04007 0.003
27 0.013 0.040 0,013 0.005
28 0.010 0.013 0.010 | 0.003
29 0.013 0.047 90:013 0.004
31 0.014 0.021 0,015 01007
33 0.027 0.010 0.0415 0.005
34 0.010 0.005 0.005 0.002
35 0.021 0.018 0010 0.003
36 0.021 0.011 0.010 0.003
38 0.037 0.019 0.014 0.006
39 0.037 0.019 0012 0.006]
40 0.007 0.007 0.007 0.003
41 0.006 0.005 0.605 0:010{
42 0.027 0.015 0.012 0.008] '
43 0.041 0.011 0.009 0.007]
45 0.035 0.014 0-.01 0.007} ..
46 0.040 0.029 0.013 0.013|
48 0.021 0:014 0.011 0.010
49 0.016 0:012 0.008 0.014
50 0.017 0014 0.010 0.030
51 0.037 0.017 0.013 0.046
52 0.032 0.022 0.013 0.023
53 0.058 0.022 0.014 0.029
54 0.041 0.026 0.013 0.019
55 0.034 0.012 0.008 0:025
56 0.028 0.011 0.008 0.066
58 0.034 0.021 0.015 0.094
59 0.051 0.023 0.022 0.069
60 0.062 0.039 0.021 0.052
61 0.035 0,016 0014 0.048
62 0.037 0.022 0.020 0.052
63 0.035 0.019 0.022 0.040
64 0.029 0.014 0.034 0.059
66 0.052 0.028 0.030 0.073
67 0.047 0.031 0.033 0.051
68 0.037 0.025 0.043 0.062
69 0.042 0.024 0.055 0.056
71 0.050 0.033 0.055 0.071
73 0.079 0.044 0.061 0.069
74 0.082 0.052 0.107 0.086
75 0.066 0.039 0.083 0.065
76 0.059 0.037 0.104 0.083
77 0.066 0.018 0.058 0.045
78 0.035 0.024 0.059 0.043
80 0.045 0.032 0.090 0.067




Daily CH4/Daily VFA loading

Day Reactor 1 [Reactor 2 [Reactor 3 |Reactor 4
81 0.087 0.021 0.064 0.077
82 0.011 0.021 0.051 0.060
83 0.049 0.023 0.067 0.093
85 0.044 0.032 0.079 0.101
87 0.037 0.054 0.079 0.095
88 0.028 0.055 0.064 0.080
89 0.029 0.044 0.067 0.087
90 0.025 0.049 0.056 0.048
91 0.024 0.050 0.059 0.055
92 0.044 0.040 0.051 0.044
93 0.034 0.040 0.051 0.041
94 0.058 0.060 0.061 0.061
96 0.044 0.041 0.052 0.052
97 0.044 0.038 0.055 0{039
98 0.037 0.041 0.059 0,039

100 0.076 0.041 Q. .5 0.076
101 0.088 0.066 Omill] y 0.082
102 0.053 0.048 0.080 0.058
103 0.018 0.020 01017 0.007
104 0.087 0.045 0:103 0.098
106 0.045 0:039 Qo7 7 0.044
108 0.045 0.026 04070 10.041
109 0.057 0:050 0.056 .0.036
110 0.026 0.039 01045 0.053
111 0.040 0.021 0.043 0.039
112 0.062 0.046 04091 0.070
114 0.064 0.074 0.089 ~0.084
115 0.028 0.025 0.054 0.033
116 0.041 0.038 0:032 0.045
118 0.079 0.052 0.050 0.051
119 0.032 0.038 0.643 0.050
120 0.021 0.023 0.042 0:026|
122 0.113 0.072 0.082 0.093]
123 0.077 0.080 0.064 0.073] .
125 0.014 0.032 0.044 0.029
126 0.153 0.093 0.094 0.075
127 0.033 0,039 0.053 0.042
129 0.050 0.056 0.081 0.069
130 0.052 0.063 0.052 0.043
131 0.037 0.036 0.053 0.047
133 0.024 0.050 0.059 0.033
134 0.06% 0.032 0:049 0:050
136 0.055 0.058 0.063 0.069
137 0.066 0.048 0.046 0.056
139 0.031 0.043 0.059 0.060
140 0.073 0.037 0.059 0.059
142 0.027 0:043 0.056 0.049
143 0.098 0.106 0:135 0:133
145 0.029 0.028 0.038 0.026
147 0.062 0.063 0.084 0.072
148 0.025 0.025 0.042 0.036
150 0.074 0.050 0.080 0.060
151 0.015 0.033 0.037 0.043
152 0.018 0.018 0.032 0.032
153 0.032 0.036 0.055 0.059
154 0.019 0.027 0.035 0.039
155 0.020 0.033 0.039 0.043
157 0.026 0.031 0.061 0.062
158 0.043 0.043 0.043 0.045
160 0.029 0.017 0.024 0.039
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Amount of leachate volatile fatty acid loading onnitial phase

Before, total weight 2.5 kg, moisture content =88%

Mass of water =2.5 * 88/100= 2.2 kg
Volume of water = M/D = 2.2 kg / 1000 kg?m 0.0022 m3 = 2.2 Liter

Based on Jaijongrak plan A leachate reirculatiolume (Jaijongrak, 2003) = 5% of initial
moisture in system

Leachate recirculation volume = 0.05 * 2.2 Lite@&1 Liter

Based on Teerachark study(Teecrachark, 2006), godesmchate volatile fatty acid on initial
phase from vegetable wastes equalecd to 11,136 mg/!

Consequently, leachate volatile fatty acid loadiage on plan A Jaijongrak study equaled to
0.11 liter * 11,136 mg/l = 1,224.96 mg .

Amount of leachate volatile Tatty acid.{foading on rathane phase

i

CH,; Range Volume of methane/ COD mass
0-15% g
16-30% 0.002
30-50% 0.005
> 50% ' 0.010

At methane phase generation; methane pergentagevessigated over 50%
The daily loading employment was as 0.010.of volumsthane/ COD mass
For example, Daily'methane output =.119 ml

0.010 = 119'ml/ COD-mass loading

COD mass lpading = 119/ 0.01 = 11,900 mg

On that day the ratio of VFA/COD =0.20 VFA/2@0 mg =0.20

VFA loading = 2,380 mg

On that day, Leachae VFA concentration = 8,438 mg/I

Leachate recycled = 2,380/ 8,438 = 282 ml
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