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ABSTRACT

The study was done to see the possibility of biogas
production from pineapple wastes. It was devide into two
parts. The first part was the study on the effect of
incubation time at 1 and 2 days on the difference of
organic acid produced. The second part was the study of
the optimal conditions of methanogenic phase of pineapple
wastewater which performed at the high organic loading
rate, short retention time and gave maximum methane
production per gram of COD reduction.

The first phase, organic acid could be produced from
crushed pineapple wastes in the mixed liquid(acidogenic
seed + effluent from settling tank) within the open tank
and filtered before feeding into the methane reactor.
Volumetrically fermentation in acidogenic phase depended
on organic loading rate and HRT of methane reactor(in the
second part). The second phase consisted of methane
reactor and settling tank. Working volume of methane
reactor was 100 litres. There were a stirring step in
methane reactor and sludge recycled from the settling
tank.

From the result in acidogenic phase, the chemical
characteristics of acidogenic effluent at 1 and 2 days of
incubation time indicated that the acidogenic phase
effluent at 1 day of incubation time had digestive
efficiency lower than the acidogenic phase effluent at 2



days of incubation time. From consideration of the ratio
of the pineapple wastes and the fermented liquid, it was
found that the acidogenic phase effluent at 2 days of
incubation time which half ratio of pineapple wastes and
fermented liquid of the acidogenic phase effluent at 1
day of incubation time could produce nearly the same
concentration of VFA and COD. So it could be concluded
that at the incubation time of 2 days could digest and
give the VFA and COD better than the the acidogenic phase
effluent at 1 day of incubation time because it had
longer time to digest.

From the performance of methanogenic phase in the
experimental series with incubation time of 1 day,
loading rate to methane reactocrs were gradually increased
carefully from 0.60 kgVFA/m*-d(1.94 kgCOD/m?*-d) with HRT
of 8 days to maximum organic loading at 2.10 kgVFA/m’-d
(6.37 kgCOD/m’-d) with HRT of 2 days. VFA reduction was in
the range of 85%-97% and COD reduction was in the range
of 86%-98%. The percentage of methane component was in the
range of 54%-77%. Finally the systems was overloaded at
2.60 kgVFA/m’-d or 7.33 kgCOD/m’-d with HRT of 2 days.

From the performance of methanogenic phase in the
experimental series with incubation time of 2 days,
loading rate to methane reactors were gradually increased
carefully from 0.58 kgVFA/m’-d(2.04 kgCOD/m’-d) with HRT
of 8 days to maximum organic loading at 2.15 kgVFA/m’-d
(6.41 kgCOD/m’-d) with HRT of 2 days. VFA reduction was in
the range of 84%-97% and COD reduction was in the range
of 82%-98%. The percentage of methane component was in the
range of 56%-74%. Finally the systems was overloaded at
2.60 kgVFA/m’-d or 7.42 kgCOD/m’-d with HRT of 2 days.

In the experimental series with incubation time of 1
day, the methane reactor gave the optimum methane yield
of 0.36 1CH,/gCOD reduced at the organic loading rate 2.37
kgVFA/m’-d or 6.18 kgCOD/m’-d with HRT of 3 days.

In the experimental series with incubation time of
2 days, the methane reactor gave the optimum methane
yield of 0.37 1CH,/gCOD reduced at the organic loading
rate 2.19 kgVFA/m’-d or 6.05 kgCOD/m’-d with HRT of 3
days.
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CHAPTER 1
INTRODUCTION

1.1 Background Situation of Pineapple Canning Industry

In 1985, Thailand ranked as the second major country
producing canned pineapple (behind the Philippines only).
Seven major canned pineapple manufacturers required as raw
input over 500,000 tons of pineapple yearly. These large
factories require considerable quantities of high quality
water also; for each ton of raw fruit about 2.5 tons of
clean water are required for processing.

The wastewater from these factories contain considerable
solids ranging from 500 to 5,000 mg/l depending upon the
extent of processing of the juice, fine screening within
the factory and handling of solid wastes generated during
the fruit processing stages. A difficult problem is the
low pH(3.8 to 4.0) associated with pineapple juice.
Considerable quantities of lime or caustic are required to
raise the pH to a neutral value, the extent of caustic
requirements being a function of the total solids in the
wastewater. A high®pollution load is obtained from factory
floor and machine washings. The peelings and small pieces
of pineapple discharged regularly to waste channels leading
to the waste treatment system cause a substantial increase
in BOD levels of the wastewater.

Water usage and the major sources of wastewater are (1)
fruit receiving area(raw material washing), (2) fruit
preparation area(trimming, slicing and inspection), (3)
processing area (filling, can closing and cooker/cooler),
(4) and the juice extraction plant. Wastewater flows are
essentially the same as water supplied during processing,
except a considerable amount of wastewater is generated
from plant washdown which occurs at the end of each working
day. In one factory a switch over to manual sweeping saved
an estimated 100 m’/day(almost 0.2 m®/ton) (R.J. Frankel and
A. Phongsphetraratana. 1987: 3-9).

1.2 State of the Problem

The population growth is one of important factors
affecting the increase of fuel consumption. In the last
decade, the imports value of energy (fuel oils) increased
from 57,467.5 million bahts in 1983 to 85,531.9 million
bahts in 1992. The very high rate of increasing of energy
consumption should be resolved by reducing the energy
consumption by more efficient use and developed other
alternatives of energy sources such as wind, sunlight and
biomass.

There are many kinds of fruit and agricultural products
in Thailand. Since 1986, Thailand has been exported canned



pineapple about 226,000 tons as the first of the world
market replace of Philippines. Thailand's canned pineapple
produced about 491, 356 tons in 1992. (Center for
Agricultural Statistic,1992)

Pineapple canning industries could wuse 40% of each
pineapple and 60% was residue which contained peel and
cores (Thanase Kongprasert, 1983). Now the residual
pineapple can be used as cattle food or can be disposed in
landfill (this encourages anaerobic digestion and results in
problems associated with methane leaking from the landfill
site). Waste disposal is also getting more expensive. The
economic disposal of waste and legislation designs to
protect the environment from pollution necessitates simple
and effective methods of waste treatment.

Pineapple wastewater from pineapple factory had BOD
levels range from 3,590-13,000 mg/l., COD levels range from
5,190-23,590 mg/l. and pH levels range from 3.3-5.2. (R.J.
Frankel and A. Phongsphetraratana. 1987: 3-9). Anaerobic
digestion has the potential to be an economically
attractive process because it 1is characterized by the
treatment capability of high organic loading rate at low
cost. The main product in anaerobic digestion 1s biogas
which can be used to produce high grade energy which can be
compensate for a lack of other easily-accessible source of
energy.

In the anaerobic digestion process, the acid forming and
the methane forming bacteria groups differ widely with
respect to their physiology and nutritional requirements,
and as a result a separation of the bacteria was achieved
by employing two separate reactors(Pohland and Ghosh,
1971). The goal of two-phase anaerobic digester 1is to
enhance the efficiency of the stabilization process by
providing optimal conditions for two different bacteria

groups (Andrew and Pearson, 1965) . The conventional
digestion system couldn't control any factors such as
lecading rate, pH etc. Two-phase digestion is an

unconventional and innovative fermentation mode for
achieving higher methane production. Food-factory wastes
has high in sugars and low in scolids which can be digested
efficiently in the two-phase system(Ghosh et al.,1984).

From the above mentioned reasons, the production of
biogas by a two-phase anaerobic digestion from pineapple
wastes was studied.



1.3 Purpose of Study

The purpose of this study 1is to 1investigate the
performance of the two-phase mode at ambient temperature
using crushed pineapple wastes.

The specific objective are:

1.3.1 To study the optimal conditions of methanogenic
phase of pineapple wastewater which performs at the high
organic loading rate, short hydraulic retention time and
give maximum methane production per gram of COD reduction.

1.3.2 To study the effectiveness of incubation time
between 1 and 2 days to produce volatile fatty acid in
acidogenic phase.

1.4 Scope of Study

Two-phase anaerobic digestion system was carried out by
laboratory scale at ambeint temperature.

The acidogenic phase was maintained in an open tank and
used crushed pineapple wastes as substrate. Hydraulic
retention time used were 1 and 2 days. The effluent from
- this was filtered by nylon net(mesh. no. 15) and examined
specific characteristics(pH, alkalinity, volatile fatty
acid, and chemical oxygen demand) before feeding to
methanogenic phase.

The methanogenic phase consisted of methane reactor and
settling tank. The study began at organic loading rate 0.5
kgVFA/m’>-d or 2 kgCOD/m*-d at HRT 8 days. The system organic
loading rate was increased step by step while the hydraulic
retention time was decreased until the system was overload.
The 1liquor 1in methane reactor was mixed with returned
sludge. The effluent of methanogenic phase was examined the
specific characteristics which were pH, alkalinity,
volatile fatty acid, and chemical oxygen demand. Gas
production and gas composition from methane reactor were
also examined.



CHAPTER I
REVIEW LITERATURE

2.1 Manufacturing Process

The schematic process diagram is shown in Figure 1
together with water use and wastewater generated for a
factory producing 12,000 cases of pineapple products per
day (565 tons raw material processed). Pineapples are
unloaded at the fruit receiving area onto conveyors. The
pineapples are then washed as conveyed to the Ginaca
machines where skins and cores are removed. The skins are
disposed of as solid wastes. The cores are extracted for
juice. The deskinned pineapples are trimmed by hand to
remove bruised fruit and then sliced. The bruised fruit
is used for juice extraction. The sliced pineapples are
inspected prior to canning. At this point, the fruit will
be sorted out: slices, chunks, tidbits or crush. The
distribution of products produced depends upon production
efficiency, size and quality of the pineapples available.
Cans are filled manually or by machine.

The filled cans are carried to prevacuum syrupers
and can closing machines where various amounts of
pineapple juice and syrup(depending upon the product type

and size) are added; lids are put on, and the cans are

sealed. The cans are then fed to sterilizers for cooking.
Factories generally have two different kind of
sterilizers available depending upon capitalization and
through-put capacity. A continuous rotary type
cooker/cooler (either pressurized or atmospheric) is used
for high throughput plants and stationery horizontal
retorts are used for batch processing. After cooling, the
cans are then labeled, put into cases, and packaged for
shipment as final products.

The cores, bruised fruit and miscellaneous pieces
are used for juice extraction. The juice is extracted at
12 degree Brix and final product. The concentrate 1is
packed in 55 gals drums or 300 gals plastic bag-in box
containers and frozen at -20 degrees. New aseptic
processing technology also permits packing and storage

for long periods at refrigerated temperatures(4 °C).

2.2 Water Usage, Wastewater Flow and Waste Loads

Water usage and the major sources of wastewater are

shown in Figure 1 ; namely, (1) fruit receiving area(raw
material washing), (2) fruit preparation area(Ginaca
machines, trimming, slicing and inspection), (3)

processing area (filling, can closing and cooker/cooler),
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Figure 1 Schematic Process Diagram, Water Usage and
Wastewater Generation (565 tpd Raw Material).



(4) and the juice extraction plant. Wastewater flows are
essentially the same as water supplied during processing,
except a considerable amount of wastewater is generated
from plant washdown which occurs at the end of each
working day. Raw material washing produces minimum
wastewater flow because waters are recirculated. Pieces
of pineapple on sorting tables, floors and from machine
washings are collected in waste baskets and comminuted
for extraction of juice by drum or screw type extractors.
The pulp is then discarded as a solidwaste and the juice
is further treated in a preheater and a centrifuge. The
juice from the centrifuge is either canned or used in
syrup production. Since 1980, all plants have
incorporated evaporators in their process to prepare
concentrated juice from the extractors. The effect of
making juice concentrate has been to reduce the waste
load significantly as much of the juice and pulp can be
utilized in the concentrated product. In the less
efficient plants, some pulp is discharged to the waste
treatment system. The pulp from the centrifuge contains
an enormous amount of fines. BOD of the centrifuge
effluent is over 60,000 mg/l and suspended solids 40,000
to 50,000 mg/l. The pH is 3.8 to 4.0 and requires large
quantities of caustic over extended periods to stabilized

the pH at 7.0. This effluent can constitute a major
portion of the heavy BOD load to the wastewater treatment
system.

In order to collect reliable waste flow and waste
load data, meter readings were recorded hour at points
where wastewater was generated. Sampling points were
selected so that the samples represented the waste loads
at each processing point. As a check on total wastewater
flow generated, the combined wastewater flow was also
measured at a pump sump by means of time-volume
measurements. Wastewater generated and wastewater
characteristics of each waste producing source are shown
in Table 1 and 2. '



Table 1 Wastewater flow rate at waste producing sources
(based on 565 tons per day raw fruit processed).

Waste Producing Source Wastewater Flow Wastewater Rate Wastewater per ton of
per day(ms) (mJ/hr) Raw Material(ms/ton)
1/ 2/ 3/
Raw material washing 0.63 0.06 0.01
Preparation area ’ 513 46.6 091
Processing area 328 29.8 0.58
Juice plant 236 21.6 0.42
Total 1,077.63 98.0 1.9
Notes: 1/ The figures were taken from meter readings over the day.

Values represent the average daily figure for the months of Feb., Mar
1985.

2/ The figures were obtained by dividing water usage by 11
working hours.

3/ Total flow divide by 565 tons per day average.

Table 2 Results of waste load study from each waste
producing source at the production level of 565 tons
pineapple per day.

Item | Waste Producing Source | Avg Waste Waste Wastewater BOD BOD %BOD
No. Flow water water Characteristics Load Load Load
Flow Produced fton
m/hr | m’fday | m’fion pH | ss | coD | BOD | kgs/day | keston
1 Raw Material washing 0.057 0.6 0.001 52 | 980 | 5190 | 3590 23 0.004 | <0.1
2 Preparation 1/ 46.64 513.0 0.908 33 590 | 12870 | 839%0 4320 7.610 67.6
3 Can filling and closing 4.54 50.0 0.088 35 | 860 | 23590 | 13000 650 1.150 10.2
4 2/ 21.45 2360 0418 37| 720 | 14560 | 7200 1405 2490 | 22.1
5 Juice extraction plant 3/ | 25.27 2780 0.492 - - - - - - -
6 Miscellaneous 4/
Combined raw waste 97.97 | 1,077.6 1.907 38 38 10013 | 5247 6359 11.250 | 100.0
composition 5/

Notes: 1/ Wastewater from Ginaca machines was very small. Most
wastewater is generated from trimming, slicing, and inspection
tables.

2/ Water used for can filling and closing is approximately 15
percent of total process water. This water keeps the machines clean
and helps lubricate and maintains pressure at the valves.

3/ Waste load from juice extraction plant is from cleaning of
syrup and juice storage tanks, washing pineapple pieces prior to
extraction and juice extraction plant/evaporators washdown.

4/ Includes make-up water for horizontal retorts, operation
of pumps; essentially no BOD load. Processing area wastewater flow
is the sun of item nos. 3 and 5.

5/ Nutrient level (not shown in table) average total nitrogen
35 mg/l and phosphorus 6.0 mg/l only.



For each ton of pineapple processed, wastewater flows
and BOD loads generated from the various waste producing
sources can be summarized as follows:

Wastewater flow, BOD load,

m’/ton kgs/ton
Raw material washing = 0.001 negligible
Preparation area = 0.910 7.61
Processing area = 0.580 1.15
Juice plant = 0.420 2.49
Total Wastewater from the factory = 1.900

11.25

These figures can be used as a design basis for
estimating future water needs. Wastewater flows, ana BOD
loads at different production levels.

Table 2 shows that the fruit preparation area
(trimming, slicing and inspection) accounts for 67
percent of the total waste load from the factory while
the Jjuice extraction plant accounts for 22 percent.
Better manual collection of waste pieces from the
trimming tables for extraction of juice would help to
reduce the BOD load from the preparation area.

During plant washdown, a tremendous amount of water is
used which affects the hydraulic 1loading to the waste
treatment system. This amount of water can be reduced.
Workers generally use high pressure water to wash down
solids on the floor to the drains. Instead of using
water, manual sweeping to remove solids to the drain
would result in a considerable amount of water being
saved. In one factory a switch over to manual sweeping
saved an estimated 100 m’/day(almost 0.2 m’/ton) (Frankel
R J. and Phongsphetraratana A. 1987:3-9).



2.3 The Composition of Pineapple Peel

Table 3 The composition of pineapple peel (Tanase U.
1983).
Composition of Pineapple Peel % of Fresh Weight

A. Carbohydrate
1. General

a. Reducing sugars . 2.47-4.13
b. Total sugar 5.60-8.66
2. Specific
a. Cellulose 1.67-2.07
b. Fructose 0.5
c. Glucose 0.93-1.76
d. Hemicellulose 2.31-2.88
e. Hexose 0.42-0.50
f. Pentosans 1.89-2.38
g. Starch Absent
h. Sucrose 1.09-5.07
B. Lipid
1. Acetone extract Trace to 0.35
C. Protein and related compounds
1. Bromilin 12.7 M.C.U./mg.Prot.N.
2. Diastose Present
3. Protein(N 6.25) 0.44-0.60

D. Inorganic
1. General

a. Water 87.0-91.4

2. Specific
a. Ammonia 0.07-0.17 mg./100g.
b. Calcium 0.01-0.03
c. Iron 0.02-0.05 mg./100qg.
d. Magnesium 7-8 mg./100g.
e. Manganese Trace to 4 g./100g.
f. Nitrate 0-8 mg./100g.
g. Phosphorus 0.008-0.010
h. Potassium 0.19-0.36

E. Miscellaneous

1. Acids
a. Ascorbic 0.032
b. Pectic 0.052-0.062
c. Total(as citric) 0.65-1.28

2. General
a. Lignin 0.40-0.52
b. Total Solid 82,287 mg./1l.

c. Volatile solid 70,430 mg./1.
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2.4 Biogas

"Biogas" results from the anaerobic decomposition of
organic materials(William 1977: 247). The gas emissions
can be described and quantified as follows(Donald 1987:
volume 3:164).

Quality : CH, 45 - 65 % V/V
CO, 35 - 55 § v/Vv
H, 0 % V/V
0, 0 % V/V
N, 0 - 10 % Vv/Vv
H,S and others traces
H,0 2 -5 %V/V

2.5 Anaerobic Digestion Fundamentals

Anaerobic digestion is the biological degradation of
organic matter in the absence of free oxygen. The
degradation occurs basically in two phase: first, the
organic matter is converted to short-chain acids, second,
the volatile acids are converted to methane and carbon
dioxide with traces of other gases(Donald 1987:volume 2:
81).

2.5.1 Microbiology

Decomposition of organic in anaerobic process 1is
an extremely complex, symbiotic interaction of a variety
of anaerobic and facultative bacteria. For simplicity,
decomposition of complex organic can be characterized as
a sequential, three-stage process comprised of
hydrolysis, organic acid formation and methane
fermentation (Figure 2) (William 1982:200-202).

When the process 1is 1in balance, these three
separate steps occur simultaneously at approximately
equivalent rates. 1Insoluble, complex organic suvch as
lipids (fats, fatty acids, etc), cellulose, and protein
are 1initially hydrolyzed by extracellular enzymes to
smaller molecules that are accessible to bacteria(McCarty
1964:9-12). The smaller organic molecules are
subsequently decomposed by the "acid-forming" bacteria to
alcohols and simple volatile fatty acids such as acetic,
propionic, and butyric acids. In the final step of
decomposition, these volatile fatty acids are converted
by "methane bacteria" to the gaseous end products: carbon
dioxide and methane(referred to as digester gas or
biogas) .
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hydrolysis and acid formation methane production
V4

/hdcro—organismé\ . /" micro-organisms\
complex stable and intermediate CH,; +CO,
organics ; » degradation products y other end
products

acid formers methane bacteria
carbohydrates, organic acids cells and stable
fats and proteins CO; + H,0 and cells degradation products

Figure 2 Schematic diagram of anaerobic decomposition of
organic.

There are numerous types of bacteria involved
in digestion, each characterized by its ability to use a
relatively limited number of organic compounds as a food
or energy source. Also, microbial growth rates and
relative response to changes in the environment (reaction
conditions) vary among groups. In general, the
methanogens, which use 1low- and high-molecular weight
fatty acids as a food source, have the slowest growth
rate and are the most sensitive to environmental changes
(Lawrence 1971:105). Furthermore, methanogens are strict
anaerobes that are inhibited by small amounts of oxygen
(McCarty 1964:9-12).

In a continuous system, the different phase at
the same time, so that a dynamic equilibrium between the
acid and the methane formation is necessary. This means
that the volatile organic acids must be converted to
methane and carbon dioxide at the same rate they are
formed, otherwise they accumulate and pH drops,with
consequent methanogens inhibition and process failure.
The amount of fresh sludge which can be fed to the system
must, therefore, be limited according to the rate of the
methane formation phase which is the limiting factor of
the entire process; the acid-forming bacteria have
doubling times normally measured in hours while methane-
forming bacteria have doubling time in days(Donald 1987:
volume 2:82-83).

The significance of the microbiology of
anaerobic fermentation is manifested in optimum system
design and operation. Process design should be directed
toward maintaining a large, stable population of methane
bacteria. Typically, inadequate system design or
. operation will result in relatively high volatile acids
concentrations in the digester (i.e.,imbalance between
the populations of acid-forming bacteria and the
methanogens). In a severe case, excessively high volatile
acids concentrations will depress the pH to a level that
essentially stops the activity of methanogens entirely.
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This situation, termed a "stuck" digester, requires major
operational changes to restore proper performance. Stable
performance can be achieved through careful consideration
of anaerobic treatment fundamentals. The many
environmental and operational factors that influence
system performance are as follows(William F O. 1982:202).

2.5.2 Environmental Factors

Hydrogen Ions and Alkalinity. The preferred pH range
for anaerobic treatment is from 6.8 to 7.5, but system
can operate effectively in the range 6 to 8 (McCarty
1964:9-12) . As mentioned, performance deteriorates
substantially when the pH drops significantly below 6,
and a "stuck" digester can result. The carbon
dioxide/bicarbonate system in sludge determines the
buffering capacity of the process and the relative
ability to respond to rapid change in loadings and
environmental conditions. To assure stable operation,
McCarty (1964:9-12) recommended that the bicarbonate
alkalinity was kept in a range from 2,500 to 5,000 mg/L.
In sound process design, provisions are made for
supplementing alkalinity whenever the waste composition
indicates that the alkalinity might be less than 3,000
mg/L in the digyestion process.

Temperature. Anaerobic process are typically
operated in the mesophilic range, 90 to 105 °F although
higher temperatures in the thermophilic range are
commonly used, and lower temperatures are possible at
long SRTs. In general, within the mesophilic temperature
range, higher temperatures result in more rapid
decomposition of organic, thus decreasing the reactor
volume required to achieve a specific degree of
stabilization. The effect of operating temperature on
system performance and design is discussed in a
subsequent section in connection with operational factors
(William. F O. 1982:203-207).

Nutrient Availability. Supplemental nutrients are
sometimes needed in biological treatment systems to
balance the nutritional requirements for bacteria growth.
Nitrcgen and phosphorus are major elements which most
often limit in nutrient-deficient waste. Since bacterial
cell yield is relatively low in anaerobic system
(approximately one-third to one-fifth of aerobic
process), supplemental nutrient requirements are
proportionally lower.

Toxic Substances. Toxic substances are known to
influence anaerobic fermentation system; however, there
has been a great deal of misunderstanding of the topic.
The term "toxic" is relative. The concentration at which
a material becomes inhibitory may vary from a fraction of
a mg/L to several thousand mg/L(McCarty. 1964:9-12).



13

In fact, at vary low concentrations, many so called toxic
substance will stimulate biological activity.

2.5.3 Operational Factors

Mixing. Mixing is aimed at giving adequate contact
between microorganisms and raw sludge in order to assure
physical, chemical, and biological uniformity within the
digester, to prevent the formation of a surface scum
layer and to avoid deposition of suspended matter (Donald
1987:volume 2:85).

Solid Retention Time(SRT) and Organic Loadings. The relationship
between hydraulic retention time(HRT) and volumetric
loading in municipal sludge digester is shown in figure
3. As indicated, organic loading is a function of the
organic feed concentration. Importantly, the performance
of anaerobig process has been shown to be directly
related to the system solids retention time(SRT) (William
1982:206), where

SRT = M
Qe
where SRT = solids retention time
Mg = total biomass within the reactor
e = biomass flux leaving the reactor = Me/t
M, = total biomass leaving the system,

including both that deliberately ejected
and that passing out with the effluent
t = time
In conventional anaerobic reactors, SRT is equivalent
to the HRT ; hence, the degree of stabilization is a
function o0f the SRT(or HRT) and not concentration of
influent organic(William 1982:206).
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Figure 3 Relationship between volumetric loading and
hydraulic retention time in completely mixed,
conventional digester (William F O. 1982:206).
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Recycle of Digested sludge. In digestion practice, a failing
digester 1is often recharged with actively digesting
sludge from another. This serves to inoculate the problem
digester with viable organisms. A proposed arrangement
for a control strategy incorporating the recycle of
digested sludge 1is shown schematically in Figure 4.
Digested sludge 1is discharged into a second-stage
digester where some solids concentration takes place. A
portion of the concentrated solids, which would contain a
mixed culture of methane organisms, is return to the
reaction whenever the anaerobic decomposition process is
hindered(Stephen P G. and Hohn F A. 1974:679-680).

Gas Effluent

Ligquids

Solids

PuRD Disposal;
Recycle
Cas -
Analyzer

Figure 4 Schematic of organism recycle control action.

2.6 Two-phase Anaerobic Digestion

In contrast to the two-stage digestion process, the
two-phase digestion system consists of two separate
completely-mixed biochemical reactors in series, one for
acid fermentation and the other for methane fermentation
(Ghosh et al. 1975;30-32). Phase should be used for
processed when different reactions occured in different
reactors, and stage should be applied for the same
reaction and process occuring in the two consecutive
reactors (Fongastitkul P. et.al. 1994;247) . The
environment in the first reactor is controlled to promote
the growth and proliferation of the acid formers, while
the second reactor receives the products from the first
and is designed to provide an environment optimum for the
methane formers. Solids recycle may be practiced around
each reactor much in the same way as it 1is in the
anaerobic contact process. The respective sizes of the
reactors and possible recycle rates for each phase would
be based on the growth kinetic requirements of each group
of organisms. Because the volatile acids are the primary
products of the first phase, pH control in the second
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phase may be necessary when the buffer capacity has been
exceeded. Such control in the methane reactor could be
provided by external neutralization of the influent or by
recycle of supernatant from the second phase(Ghosh et al.
1975) .

Zoetemeyer et al. (1981) reported the acid reactor can
serve as a buffer and avoid long adaptive period which
overloading or shock feeding imposes on methanogenesis.

2.7 Advantages and Disadvantages

Ghosh et al. (1975:32) reported the two-phase
digestion process has several potential benefits compared
with the conventional standard and the high-rate process.
These are:

1. Capability of maintaining the optimum environment
for each group of digester organisms;

2. Substantial reduction in total reactor volume and
the consequent savings in capital and operating costs;

3. Higher rates of solids stabilization and
increased production rate and methane content of the
final product gases; and

4. Suitability for incorporation into existing
treatment plants with minimum capital investment.

The potential disadvantages of the two phase include
the need for skilled operation and increased
instrumentation for monitoring and control. The cost of
operating a two-phase digestion system may not be higher
(it may even be lower in many instances) than that of the
conventional process, because the higher cost of control
instrumentation and the probable higher labor cost may be
off set by decreased heat requirements and lower capital
costs.

2.8 Research Works Concerning with Phase Separation

The objective of physical separation of the acidogenic
and the methanogenic phase is to maintain appropriate
densities of dominant cultures of the acid and methane
formers in separate reactors, preferably in the
exponential growth phase, to maximize the rates of
acidification and gasification by exerting independent
controls as dictated by the metabolic and biokinetics
properties of both groups of organisms. Thus, phase
separation should not be construed as a total elimination
of all species of methane formers from the acid digester
and vice versa; indeed, such complete elimination is
probably undesirable.

Berend A R.(1983:121) studied two-phase for the
anaerobic digestion of organic waste yielding methane and
compost. The 1laboratory work, including some semi-
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technical operations, was aimed at the degradation
processes in the batch reactor and linked to the upflow
sludge blanket reactor to various operation conditions. A
series of experiments with various hydraulic retention
times did not show a significant influence on the rate of
breakdown in the reactor, the addition of alkali does not
seem to be necessary and in respect to the temperature
range, mesophilic is definitely faster than thermophilic
and more dependable. The preliminary feasibility study
indicates that this process may be a good alternative for
the processing of putrescible waste.

Khan A W. et al.(1983:1571) studied development of a
two-phase combination fermenter for the conversion of
cellulosc to methane. Cellulose degradation to methane
under continuous fermentation conditions was compared
using fully mixed, fully mixed with solids return,
sludge-blanket, and fixed-film fermenters. In fully mixed
fermenters, a decrease in hydraulic retention time of two
weeks or less caused the wash out of anaerobes capable of
converting volatile fatty acids to methane, while at
increased feeding rates over 1 g/l day the rapid growth
of cellulolytic anaerobes upset the balance between acid
formation and its conversion to CH,. Circulation of
cellulose and difficulty in settling of cellulose with
attached bacteria imposed problems in the use of other
types of fermenters. On the basis of information obtained
from this study, a fermenter which combined a fully mixed
phase for cellulose degradation and a fixed-film phase
with pre-immobilized bacteria for converting fatty acids
to CH; in one vessel, was devised. Using this fermenter, a
mixed culture converted cellulose to CH, at 4.8 g/l at a
HRT of six days as compared to 0.7 g/l day at a HRT of 28
days in the fully mixed fermenter.

Calzada et al.(1984:217) studied biogas production
from coffee pulp juice: one- and two-phase systems.
Coffee pulp represents 40% of the total weight of the
berry. Pressing this by-product for further utilization
yields a sugar-rich effluent Jjuice which has been
considered as raw material for the production of biogas.
Loading rates for the one-phase methanogenic reactor
ranged from 0.5 to 3 g volatile solids liter™ day™', with
hydraulic retention times of 10 days. When separated at

0.5 days HRT and a load of .56 g volatile solid liter™
day™’, while the retention times for the second phase
ranged from 10 to 5 days, with loads of 0.6 to 2.4 g
volatile solid liter™ day'. From the results of the
experiments, a two-phase anaerobic digestion system is
better for treating coffee pulp juice than a one-phase
unit. Hydraulic retention time of 0.5 days for the
acidogenic phase and 8 days for the methanogenic seem to
produce stable conditions, when daily volatile solids
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1 1

loads are of the order of 55 g liter ™ and 1.8 g liter ,
respectively.

Morakot et.al. (1984:301) reported two-stage anaerobic
digestion of solid pineapple waste. The acidogenic stage
was maintained at ambient temperature in an open tank at
high organic loading. The pH of this stage was 3.5-4.5.
The methanogenic stage could be operated both at 32 °C and
55 °C. Using organic products from the first as feed, the
methane contents of the gas produced from the second
stage were 60% and 72% at 32 °C and 55 °C, respectively.
There was no differences in biogas productivity from the
second stage methane digester maintained at 32 °C and 55
°C.

Chumnum P. (1986) reported a study of two stage methane
fermentation from pineapple cannery's solid waste. The
acidogenic stage was maintained at 32 °C in a 2 liters
open tank. The pH of this stage was 3.5-4.5. The
methanogenic stage was operated in a 4 1liters reactor
with 3 liters working volume, using organic products from
the first stage as feed. At organic loading rate of 6 g.
COD/1, the average gas yield was 1.9 liter/liter of
digester volume-day(based on volume of second tank only)
or 1.1 1/1 of digester volume-day(based on combined
volume of the two stages) at HRT 7.5 days. The methane
contents of the gas produced from the second stage was
50%.

Lo and Liao(1986:81) studied mesophilic anaerobic
digestion of screened dairy manure using a two-phase
process. The results indicated that volatile fatty acids
(VFA) production was the major biochemical transformation
in acid reactors. The performance of the methane reactors
was almost identical regardless of whether the substrate
was straight from fresh screened dairy manure or from
acid-reactors. There 1is no indication that a two-phase
system would Dbe superior to one-phase mesophilic
digestion of screened dairy manure using completely-mixed
reactors.

Verrier D.(1987:163) studied two-phase methanization
of solid vegetable waste. Single- and two-phase anaerobic
digestion of vegetable solid wastes were compared at
laboratory scale. Both mesophilic and thermophilic
liquefaction and acidogenesis were shown to be maximal
when the pH was maintained at approximately 6.5 in the
reactor. The distribution and concentrations of the
volatile fatty acids and alcohols produced varied with
the temperature, the nature of the wastes and the
retention time. Methanogenic fermentation of the
liquefaction products was efficiently performed in an
anaerobic filter and high methane . productivities were
obtained. Maximal overall methane ©productivity was
attained when the filter productivity was approximately 5
liters of methane per liter per day. Phase separation
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under mesophilic conditions resulted in significantly
higher methane productivity than was obtained by
operation in a single-stage CSTR reactor. Under
thermophilic conditions, the advantage of two-phase
operation was for less marked.

Wichian P. (1991) studied organic acid production from
liquid squeezed from pineapple peel. The organic acid
production was done in stirred tank reactor. The organic
loading rate was kept constant at 8.2 kgCOD/m’-d. The
effect of pH was conducted at 4.5 and 6.0 using pH
controller. In an controlled reactor the pH was
approximately 3.9 and the HRT was 4, 2.5 and 1.5 day. The
longer HRT and elevating pH resulted in higher organic
acid production. The maximum organic acid concentration
was 9,306 mg/l. at 4 days HRT and pH 6. Biogas production
from organic acid was investigated in the anaerobic fixed
film reactor with nylon screen as supporting material.
Organic acids produced under various conditions were used
to load the reactor at constant loading rate (2,400
mg/l.). Nevertheless, the composition of acetic, butyric,
propionic and lactic were different, thus affected the
gas yield. It was found that sample with higher acetic or
lactic acids gave better gas yield. The high pH of the
methane reactor resulted in higher methane composition.



CHAPTER III
RESEARCH METHODOLOGY

The research work was carried out at Faculty of
Environment and Resource Studies, Mahidol University,
Salaya Campus, Nakornpathom province. During October 25,
1993 -~ October 18, 1994.

Laboratory scale experiments on two-phase anaerobic
digestion of crushed pineapple wastes were conducted to
determine the degradation of organic matter and methane
yield of each run. The experiments were carried out by
using semi-continuous operation under ambient temperature
conditions.

Pineapple wastes were brought from fruit shop of
Salaya Campus and Nakornpathom market. Pineapple wastes
consisted of cores and skins.

3.1 Experimental Unit Design

Two experimental series were used in the laboratory-
scale study. Each set of two-phase anaerobic digestion
system consist of acidogenic reactor, methanogenic reactor
and settling tank as shown in Figure 5 and Figure 6.

The acidogenic phase: Acid reactor was made of 2.0 mm.
thick poly-ethylene having 50 cm. diameter and 80 cm.
depth. Volume of the reactor was 100 litres.

The methanogenic phase: Methane reactor was made of
2.0 mm. thick stainless steel having 55.5 cm. diameter
and 75 cm. depth. Volume of the reactor was 150 litres
and working volume was 100 litres. Methane reactors were
mixed by stirrer. Sludge was returned by circulating
pumps.

Settling tank was made of 2.0
mm. thick stainless steel having 50 cm. diameter and 58
cm. depth. Volume of the settling tank was 60 litres and
working volume was 55 litres.
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Figure 5 Schematic Diagram of reactors.
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Figure 6 Schematic arrangement of the apparatus Iin the
laboratory.

3.2 Starting-up

3.2.1 Acidogenic phase

3.2.1.1 Mixed the crushed pineapple waste,
effluent from settling tank, acidogenic seed with
suitable ratio and fermented at 1 and 2 days of HRT in
acid reactors (Acidogenic seed was prepared at ambient
temperature by mixing the crushed pineapple, tap water
and effluent from settling tank at 1 day of HRT. Seed had
pH 3.5-4.5, alkalinity 200 mg/l as CaCO; and volatile
fatty acid 4,200-5,000 mg/1l as CaCO;).

3.2.1.2 Filtered the effluent from acidogenic
phase by nylon net(mesh. no. 15) and pumped the filtrate
into methane reactors.

3.2.2 Methanogenic phase

3.2.2.1 50 litres of dissolves ccw’s dung and
50 litres effluent from acidogenic phase were fed into
each methane reactor.

3.2.2.2 Methane reactors were started-up by
using effluent from anaerobic digestor of tapioca starch
wastewater from King’s Mongkut Institute of Technology,
Thonburi. The feeding volume was 5 litres/day or
equivalent to the hydraulic retention time of 20 days,
organic loading rate 0.01 kgVFA/m*>-d or 0.2 kgCOD/m’-d.
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The feeding volume would be slowly increase 3-5
litres/day within two month after starting-up. Effluent
from anaerobic treatment of tapioca starch wastewater had
pH 7.0-7.2, alkalinity 2,500 mg/l as CaCO; and volatile
fatty acid 200-250 mg/l1 as CaCoOs.

3.3 Operating Procedure

The acidogenic phase was operated at 1 and 2 days of
HRT. Two separated experimental series were operated
through out the experiment. Methane reactor of the first
and the second series were fed with filtered effluent
from acidogenic phase at 1 and 2 days of
HRT, respectively.

The HRT for methanogenic phase was stepwisely
decreased by increasing feeding volume of influent.
Organic loading rate to methane reactor was increased by
increasing volumetric feeding and concentration of the
influent. This increment was done after getting the
steady state data for each HRT. The anticipated
characteristics of effluent from acidogenic phase are
shown in table 4.

Effluent from acidogenic phase was fed into methane
reactor by varying HRT from 2-8 days, organic loading
rate at 0.5-2.5 kgVFA/m’-d or 2.0-6.0 kgCOD/m*-d and
feeding volume 12.5-50 litres/day as shown in table 5.

Table 4 The anticipated characteristics of effluent from
acidogenic phase.

Test SERIES 1 Test SERIES 2

Runs | VFA (mg/1.) COD (mg/1) Runs | VFA(mg/l.) COD (mg/1)
1 4,000 16,000 2 4,000 16,000
3 8,000 24,000 4 8,000 24,000
5 5,000 15,000 6 5,000 15,000
7 7,500 20,000 8 7,500 20,000
9 4,200 11,000 10 4,200 11,000
11 5,700 14,000 12 5,700 14,000
13 4,000 10,000 14 4,000 10,000
15 5,000 12,000 16 5,000 12,000




22

Table 5 HRT and anticipated OLR of experimental series 1
and 2 in methanogenic phase.

TEST SERIES 1 TEST SERIES 2
RUNS HRT FEED OLR OLR RUNS HRT FEED OLR OLR
(d) (1/d) (kgVFA/ (k%COD/ (d) (1/d) (k?VFA/ (k?COD/
m-d) m-d) m -~d) m-d)
1 8 12.5 0.5 2.0 2 8 12.5 0.5 2.0
3 8 12.5 1.0 3.0 4 8 12.5 1.0 3.0
5 5 20 1.0 3.0 6 5 20 1.0 3.0
7 5 20 1.5 4.0 8 5 20 1.5 4.0
9 3 35 1.5 4.0 10 3 35 1.5 4.0
11 3 35 2.0 5.0 12 3 35 2.0 5.0
13 2 50 2.0 5.0 14 2 50 2.0 5.0
15 2 50 2.5 6.0 16 2 50 2.5 6.0

The mixed ligour from methane reactor was pumped to
settling tank. Let it settle for 3 hours and returned
sludge in the bottom of settling tank(about one-third of
volume) to methane reactor. The effluent from settling
tank was drained to effluent collector and returned to
ferment in acidogenic phase.

3.4 Analytical Methods

Influent and effluent of the methane reactors and
settling tank of each run were sampled for analysis of
physical and chemical characteristics everyday for a period
of two times of HRT. These characteristics are pH,
alkalinity, volatile fatty acid(VFA), chemical oxygen
demand (COD) . The analytical methods used conformed to
Standard Methods for the Examination of Water and Waste
Water (APHA. 1985).

Biogas production rates were monitored daily and
calculated as 1CH,/1-d, 1CH,/gCOD added and 1CH,/gCOD
reduced. Gas composition collected by U-sampling tubes was
separated by gas chromatography procedure. Gas
chromatography used a Shimadzu model GC 9A Chromatograph
fitted a thermal conductivity detector. The column was a
copper column, pack with porapak N. The oven temperature

was 42°C, carrier gas(Helium) flow rate was 35 ml/min. It
could identify methane, carbon dioxide and nitrogen.




CHAPTER IV
RESULTS AND DISCUSSION

4.1 Performance of Acid-phase Reactors

The crushed pineapple waste were fed into the acid
reactors and the chemical characteristics of acidogenic
effluent at incubation time of 1 and 2 days were
presented in Table 6 and Table 7, respectively.

Table 6 Chemical characteristics of acidogenic effluent
at 1 day of incubation time.

SERIES 1

Test Crushed pineapple waste with liquid Chemical characteristics of acidogenic effluent
runs weight of volume of seed ratio of pH alkalinity VFA CoD

pineapple waste + effluent from pineapple (mg/l as (mg/l as (mg/h)

(kg wet weight) settling tank(l.) waste and CaCO,) CaCO,)

liquid(kg/l)

1 2.4 12.5 0.192 | 4.85 333 4,761 15,525
3 3.3 12.5 0.264 | 4.65 682 7,033 23,981
5 3.2 20 0.160 | 4.40 460 4,450 16,325
7 4.0 20 0.200 | 4.51 560 6,574 21,574
9 4.2 35 0.120 | 4.79 672 4,189 12,062
11 4.8 35 0.137 | 4.71 761 6,762 17,660
13 4.0 50 0.080 | 5.41 {1,052 4,191 12,730
15 4.7 50 0.094 | 4.70 630 5,190 14,667

Table 7 Chemical characteristics of acidogenic effluent
at 2 days of incubation time.

SERIES 2

Test Crushed pineapple waste with liquid Chemical characteristics of acidogenic effluent
runs weight of volume of seed ratio of pH alkalinity VFA COD

pineapple waste { + effluent from pineapple (mg/l as (mg/l as (mg/)

(kg wet weight) | settling tank(l.) waste and CaCo,) CaCO,)

Liquid(kg/l)

2 2.4 25 0.096 4,50 361 4,653 | 16,322
4 3.3 25 0.132 4.51 671 7,492 | 25,047
6 3.2 40 0.080 4.50 499 3,977 | 16,923
8 4.0 40 0.100 4.56 583 6,471 | 22,134
10 4.2 70 0.060 4.88 742 4,259 | 11,948
12 4.8 70 0.069 4,65 705 6,244 | 17,291
14 4.0 100 0.040 5.52 | 1,056 4,307 | 12,814
16 4.7 100 0.047 4.78 650 5,216 | 14,835
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,

In Table 6, 2.4 to 4.8 kg wet weight of crushed
pineapple waste was fed into acid reactor and was
fermented for 1 day with 12.5-50 litres of seed and
effluent from settling tank. The acidogenic phase occurred
at pH values ranging from 4.40-5.41, alkalinity 333-1,127
mg/l as CaCOs;, VFA 4,189-7,033 mg/l1 as CaCO; and COD 12,062~
23,981 mg/1. .

In Table 7, range 2.4 o 4.8 kg wet weight of crushed
pineapple waste was fed into the acid reactor and was
fermented for 2 days with 25-100 1litres of seed and
effluent from settling tank. The acidogenic phase occurred
at pH values ranging from 4.50-5.52, alkalinity 361-1,056
mg/l as CaCO;, VFA 3,977-7,492 mg/l as CaCO; and COD 11,948~
25,047 mg/1.

Tables 6 and 7 showed the chemical characteristics
of acidogenic effluent at 1 and 2 days of incubation
time, respectively which indicated that the experimental
series one had digestive efficiency lower than the
experimental series two. From consideration of the
pineapple wastes and the fermented liquid, it was found
that the experimental series two which half ratio of
pineapple wastes and fermented liquid of the experimental
series one could produce nearly the same concentration of
VFA and COD. So it could be concluded that at the
incubation time of 2 days in the experimental series two
could digest and give the VFA and COD better than the
experimental series one because it had longer time to
digest.

These results consistently agreed with the study of
Wichian P.(1991) who concluded that the longer HRT and
elevating pH resulted in higher organic acid production.
The reason of high VFA and COD produced 1in acidogenic
phase were due to the use of pineapple cores and skins
from fruit shop of this study. Normally pineapple skins
from factory were trimmed by hand to remove pineapple
meat to produced juice, therefore, in reality pineapple
skin from factory should give low VFA and COD
concentration.

The acidified effluent from this phase was used as
substrate for the methanogenic phase to maintain hydraulic
retention times of 8, 5, 3 and 2 days.
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4.2 Performance of Methanogenic Reactors

This reaction was second part of the two phase reaction
system and designed for methane fermentation step. So, this
section deals with the discussion about methanogenic
efficiency. A component of this phase was methane reactor
and settling tank. The performance of each run was
considered based on the following parameters.

- Organic loading rate

- VFA reduction efficiency / COD reduction efficiency
- Gas production rate / Methane production rate

- pH and alkalinity

4.2.1 Organic Loading Rate

Organic loading rate depended on influent VFA
concentration or COD concentration and flow rate which was
correspondent with HRT. Therefore organic loading rate for
each reactor was increased stepwisely by decreasing HRT by
means of increasing flow rate.

As shown in Figure 7 and 8, organic loading to each
methane reactor was gradually increased carefully and
finally overloaded the systems(in runs 15 and. 16). It was
important to monitor whether the system reaches the point
of complete failure. After reaching loading rate of 2.60
kgVFA/m’-d or 7.33 kgCOD/m*-d at HRT of 2 days in run 15 and
2.61 kgVFA/m’-d or 7.42 kgCOD/m’-d at HRT of 2 days in run
16, VFA reduction efficiency(figures 11 and 12) and COD
reduction efficiency(figures 15 and 16) rapidly decreased
and there after only little amount of gas production rate
was observed which indicate the symtoms of process failure
{tables 7 and 8).

Maximum loading capac1t1es of methane reactors were
2.10 kgVFA/m’-d or 6.37 kgCOD/m’-d at HRT of 2 day in run 13
and 2.15 kgVFA/m’-d or 6.41 kgCOD/m’-d at HRT of 2 days in
run 14. Chumnum . (1986) studied two-stage methane
fermentation from pineapple cannery’s solid waste and
reported that the methanogenic stage was operated by using
organic products from first stage as feed at maximum
organic loading rate of 6 gCOD/l-d and HRT at 7.5 days.

These experiments gave higher organic loading rate and
shorter HRT because effluent from settling tank was
recycled to acidogenic reactor(which increased alkalinity
in acidogenic effluent) and sludge from settling tank was
returned to methane reactor(which increased methanogenic
bacteria). Stirring in methane reactor seems to be another
reason to give better performance.
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Figure 7 Comparison of organic loading rate (kgVFA/m’-d) for
methane reactors(incubation time of 1 and 2 days in
acidogenic phase).
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Figure 8 Comparison of organic loading rate(kgCOD/m’-d) for
methane reactors(incubation time of 1 and 2 days in
acidogenic phase).
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4.2.3 VFA Reduction Efficiency/COD Reduction Efficiency
VFA Reduction Efficiency

Figures 9 to 10 showed the comparison of VFA of
methanogenic phase in series one and two, respectively.

Figure 11 showed VFA reduction efficiency of methane
reactor in the experimental sereis one. The VFA reduction
efficiency were 93%, 94%, 89%, 91%, 90%, 87%, 80% and 31%
in test runs 1, 3, 5, 7, 9, 11, 13, and 15, respectively. In
test run 15, the incoming VFA was too high for the methane
reactor to reduce VFA so VFA was stored VFA in the methane
reactor and micro-organisms were washed out with effluent.

The VFA reduction efficiency of the settling tank in
the experimental series one could reduce the VFA were 56%,
43%, 34%, 40%, 17%, 24%, 24% and 27% in test runs 1, 3, 5,
7, 9, 11, 13 and 15,respectively. It was indicated that VFA
could be further reduced in the range of 17%-50% by micro-
organisms which settled in the bottom of settling tank.

Figure 12 showed VFA reduction efficiency of methane
reactor in the experimental sereis two. The VFA reduction
efficiency were 94%, 94%, 88%, 91%, 90%, 86%, 72% and 25%
in test runs 2, 4, 6, 8, 10, 12, 14, and 16,respectively.
In test run 16, the incoming VFA was too high for the
methane reactor to reduce VFA so VFA was stored VFA in the
methane reactor and micro-organisms were washed out with
effluent.

The VFA reduction efficiency of the settling tank in
the experimental series one could reduce the VFA were 47%,
44%, 48%, 41%, 23%, 32%, 44% and 27% in test runs 2, 4, 6,
8, 10, 12, 14, and 16,respectively. It was indicated that
VFA could be further reduced in the range of 23%-48% by
micro-organisms which settled in the bottom of settling
tank.

The VFA reductions efficiency of methanogenic effluent
decreased with decreasing HRT (8 to 2 days) for both series
of wastewater used(Figures 11 to 12). The VFA reduction of
96%-97% at 8 days of HRT were obtained for test runs 1,2,3
and 4, 93%-95% at 5 days of HRT were obtained for test runs
5,6,7 and 8, 90%-92% at 3 days of HRT were obtained for
test runs 9,10,11 and 12, 84%-85% at 2 days of HRT were
obtained for test runs 13 and 14. Test runs 15 and 16, the
VFA reduction were 49% and 45% which showed the symtoms of
process failure, respectively.

For the methane reactors fed with type of wastewater
from acid phase reactor fermented at incubation time of 1
day, the trend of reduction was similar to those obtained
from the pineapple wastewater from acid phase reactor
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fermented at incubation time of 2 days. The higher
reduction of methanogenic effluent was obtained from the
lower organic loading rate. The lowest reduction rates of
methanogenic effluent were obtained at the highest organic
loading rate(2.1 kgVFA/m’-d) which gave reduction of 85% VFA
in test run 13 and obtained at the highest organic loading
rate(2.15 kgVFA/m’-d) which gave reduction of 84% VFA in
test run 14. At HRT 8 days an organic loading rate of 0.6
kgVFA/m>-d for test run 1 and 0.58 kgVFA/m’-d for test run 2
gave the highest VFA reduction which was 97% of both runs.

The trend of VFA reduction efficiency of methane
reactor was similar to those obtained from the pineapple
wastewater in the reactor fermented acid phase at the
incubation time of 1 and 2 days. This indicated that the
acid phase reactor fermented at the incubation time of 1
and 2 days gave similar the type of VFAs. From results of
the study of acidogenic phase by Wichain P.(1991:55), it
was reported that increasing HRT of 1.5 to 2.5 days, the
acidogenic phase reactor gave lactic acid as primary and
butyric acid as secondary. When increasing HRT of 2.5 to 4
days, the acidogenic phase reactor gave butyric, acetic and
propionic acids respectively.

COD Reduction Efficiency

Figures 13 to 14 showed the comparison of COD of
methanogenic phase in series one and two, respectively.

Figures 15 and 16 showed the COD reduction efficiency
of methane reactor in experimental series one and two. Low
percentage the methodology of COD reduction efficiency of
methane reactor were due to examination from methane
reactor effluent which was sampled from stirred methane
reactor. Before the effluent from methane reactor was
examined, the collected samples were not centrifuged or
settled which presented high COD value trom substrate and
micro-organisms. Therefore, COD reduction efficiency of
settling tank in the experimental series one and two
presented high value.

The effects of variation in organic loading rates on
the COD reduction efficiency of methanogenic effluent are
shown in Figures 15 to 16. COD reduction efficiency of
methanogenic effluent decreased with increasing of organic
loading rate and decreasing hydraulic retention time. COD
reduction changed from 98% for 1.94 kgCOD/m’-d and 8 days of
HRT to 86% for the organic loading rate of 6.37 kgCOD/m’-d
and 2 days of HRT in experimental series one(Figure 15) and
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from 98% for 2.04 kgCOD/m’-d and 8 days of HRT to 82% for
loading rate of 6.41 kgCOD/m’-d and 2 days of HRT in
experimental series two(figure 16). The COD reduction
efficiency of both experimental series was almost the same.

At steady-state COD reduction efficiency from the
methanogenic effluent ranged from 86%-98% and 82%-98% in
experimental series one and two, respectively. The trends
show that increased per cent COD reduction efficiencies can
be obtained at long HRTs.
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Figure 9 Comparison of VFA of methanogenic phase in series
1 (incubation time of 1 day in acidogenic phase).
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Figure 10 Comparison of VFA of methanogenic phase in series
2 (incubation time of 2 day in acidogenic phase).
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Figure 12 Comparison of VFA reduction of methanogenic phase
in series 2(incubation time of 2 day in acidogenic phase).
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Figure 14 Comparison of COD of methanogenic phase in series
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Figure 15 Comparison of COD reduction of methanogenic phase
in series 1 (incubation time of 1 day in acidogenic phase).
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Figure 16 Comparison of COD reduction of methanogenic phase
in series 2(incubation time of 2 day in acidogenic phase).

4.2.3 Gas Production Rate

Biogas (mainly methane and carbon dioxide) were
produced from microbial reaction of waste degradation in
anaerobic process. So that the gas production rate is one
of the important parameter to observe the reaction occured
in the reactor. Volumetric gas production is more specific
parameter to indicate the methanogenesis than gas
production. It is expressed in two ways such as methane
production rate per unit volume of liquid and amount of
methane produced per gram COD reduction. The production of
biogas can be related to the amount and type of organic
matter utilized. The methane production commonly varies
between 0.3-0.5 m® of CH, Kg™' of COD degraded(Christopher F
F. and John D A. 1987, Takashi K. et al. 1993).

Tables 8 to 9, the methane production was calculated
by deviding the volume of methane by (1) the volume of
methane reactor, (2) the volume of methane reactor and
settling tank, and (3) the volume of methane reactor,
settling tank and acid reactor. The methane production of
0.66-1.14 1CH,/1 (methane reactor)-d at 8 days of HRT were
obtained for test runs 1,2,3 and 4. 0.99-1.47 1CH,/1 (methane

32838 1 10630m0x
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reactor)-d at 5 days of HRT were obtained for test runs
5,6,7 and 8. 1.37-2.07 1CH,/1(methane reactor)-d at 3 days
of HRT were obtained for test runs 9,10,11 and 12. 1.81-
1.89 1CH,/l1 (methane reactor)-d at 2 days of HRT were
obtained for test runs 13 and 14. Test runs 15 and 16, the
methane production were 0.22 and 0.21 1CH,/1 (methane
reactor)-d which showed the symtoms of process
failure, respectively.

The methane production of 0.43-0.74 1CH,/1(methane
reactor and settling tank)-d at 8 days of HRT were obtained
for test runs 1,2,3 and 4. 0.64-0.95 1CH,/1 (methane reactor
and settling tank)-d at 5 days of HRT were obtained for
test runs 5,6,7 and 8. 0.88-1.34 1CH,/l1 (methane reactor and
settling tank)-d at 3 days of HRT were obtained for test
runs 9,10,11 and 12. 1.17 1CHs/1l(methane reactor and
settling tank)-d at 2 days of HRT were obtained for test
runs 13 and 14. Test runs 15 and 16, the methane production
were 0.14 1CH,/l (methane reactor and settling tank)-d which
showed the symtoms of process failure, respectively.

The methane production of 0.39-0.63 1CH,/1(methane
reactor, settling tank and acid reactor)-d at 8 days of HRT
were obtained for test runs 1,2,3 and 4. 0.53-0.84 1CH,/1
(methane reactor, settling tank and acid reactor)-d at 5
days of HRT were obtained for test runs 5,6,7 and 8. 0.65-
0.94 1CH,/l (methane reactor, settling tank and acid reactor)
-d at 3 days of HRT were obtained for test runs 9,10,11 and
12. 0.70-0.89 1CH,/1(methane reactor, settling tank and acid
reactor)-d at 2 days of HRT were obtained for test runs 13
and 14. Test runs 15 and 16, the methane production were
0.08 and 0.11 1CH,/l (methane reactor, settling tank and acid
reactor)-d which showed the symtoms of process failure,
respectively.

The methane efficiency of 0.34-0.36 1CH,/gCOD added at
8 days of HRT were obtained for test runs 1,2,3 and 4, 0.30
-0.34 1CH./gCOD added at 5 days of HRT were obtained for
test runs 5,6,7 and 8, 0.33-0.34 1CH,/gCOD added at 3 days
of HRT were obtained for test runs 9,10,11 and 12 and
0.28-0.30 1CH,/gCOD added at 2 days of HRT were obtained for
test runs 13,14. Overloading rate occured at 2 days of HRT
in test runs 15 and 16, the methane efficiency was 0.03
1CH,/gCOD added.

The methane efficiency of 0.35-0.37 1CH,/gCOD
reduction at 8 days of HRT were obtained for test runs 1,

2, 3 and 4, 0.31-0.35 1CH,/gCOD reduction at 5 days of HRT
were obtained for test runs 5,6,7 and 8, 0.34-0.37 1CH,/gCOD
reduction at 3 days of HRT were obtained for test runs
9,10,11 and 12 and 0.35 and 0.34 1CH,/gCOD reduction at 2
days of HRT were obtained for test runs 13 and 14,
respectively. Overloading rate occured at 2 days of HRT in
test runs 15 and 16, the methane efficiency was 0.03 and
0.34 1CH;/gCOD reduction, respectively.
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Table 8 Comparison of the methane reactors performance
(incubation time of 1 day in acidogenic phase).

HRT(days)
8 5 3 2

Test runs 1 3 5 7 9 11 13 15
OLR added 1.94 3.00 3.27 431 422 6.18 6.37 7.33
(kgCOD/m’-d)
gas production( I) 122 191 180 241 201 275 246 64
%CHy(litres) 66 105 99 147 137 206 182 22
%CH, in biogas 54 55 55 61 68 75 77 35

. %CO; in biogas 24 24 22 15 14 17 19 42
methane production 0.66 1.05 0.99 1.47 1.37 2.06 1.89 0.22
(V1 methane reactor vol-d)
methane production 0.43 0.68 0.64 0.95 0.88 133 1.17 0.14
(V1 methane ,settling vol-
d)
methane production 0.39 0.63 0.57 0.84 0.72 1.08 0.89 0.11
(1 total reactor vol-d)
methane efficiency 0.34 0.35 0.30 0.34 0.33 0.33 0.30 0.03
(VgCOD added)
methane efficiency 0.35 0.36 0.31 0.35 0.34 0.36 0.35 0.04
(VgCODreduced)
%COD reduction 97 98 97 98 95 92 86 72
(methanogenic effluent)
OLR reduced 1.88 2.94 3.17 423 4.01 5.69 5.47 5.28
(kgCOD/m’-d)

From Tables 8 to 9 indicates the optimal condition of
methanogenic phase which performs at maximum methane
production per gram COD reduction, high organic loading
rate and short hydraulic loading rate. Hence, for series
one, the methane efficiency was optimum at 0.36 1(CHy)/g COD
reduced in run 3 and 11 but the composition of methane gas
in run 11(75%) more than run 3(55%). The methane production
in run 11 was 2.06 1(CHy)/1(methane reactor)-d or 1.33 1
(CH;) /1 (methane reactor and settling tank)-d or 1.08 1(CH,)/
1 (methane reactor, settling tank and acid reactor)-d which
was the highest among other runs in the series one.

For series two, the methane efficiency was optimum at
0.37 1(CH;)/g COD reduced in run 4 and 12 but the
composition of methane gas in run 12(73%) more than run 4
(58%). The methane production in run 12 was 2.07 1(CH)/1
(methane reactor)-d or 1.34 1(CH,)/l1(methane reactor and
settling tank)-d or 0.94 1(CH,)/1l(methane reactor, settling
tank and acid reactor)-d which was the highest among other
runs in the series two.
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Table 9 Comparison of the methane reactors performance
(incubation time of 2 days in acidogenic phase).

HRT(days)

8 5 3 2
Test runs 2 4 6 8 10 12 14 16
OLR added 204 313 1338 443 4.18 6.05 6.41 7.42
(kgCOD/m’-d)
gas production(l) 125 196 | 181 248 209 284 245 54
CHy(litres) 70 114 103 146 142 207 181 21
%CH, in biogas 56 58 57 59 68 73 74 38
%CO; in biogas 20 18 21 15 17 17 17 40
methane production 070 1.i4 | 1.03 1.46 1.42 2.07 1.81 0.21
(11 methane reactor vol-d)
methane production 045 074 | 067 094 0.92 1.34 1.17 0.14
(/1 methane,settling vol-d)
methane production 039 063|053 075 0.65 0.94 0.70 0.08
(/1 total reactor vol-d)
methane efficiency 034 036 | 030 033 034 0.34 0.28 0.03
(VgCOD added)
methane efficiency 035 037|331 034 0.36 0.37 0.34 0.03
(1/gCODreduced)
%COD reduction 97 98 97 98 94 93 82 67
OLR reduced 198 3.07 | 328 434 3.93 5.63 5.25 497
(kgCOD/m*-d)

From the two series of experiments, opitmum methane
eficiency was 0.36-0.37 1CH;/gCOD reduced which was in the
common range of methane production as reported by
Christopher F F. and John D A.(1987) and Takashi K. et al.
(1993).

Table 8 shows that methane content of the biogas
generated in test runs 1,3,5,7,9,11 and 13 in methane
reactors ranged from 54-77% and 14-24% carbon dioxide
content. While methane and carbon dioxide content of the
biogas in methane reactor in test run 15 were 35% and 42%,
respectively. The methane reactors couldn’t produced gas
after being loaded at organic loading rate 2.60 kgVFA/m’-d
or 7.33 kgCOD/m’-d at HRT of 2 days within seven days.

Table 9 shows that methane content of the biogas
generated in test runs 2,4,6,8,10,12 and 14 ranged from
56%-74% and 15%-21% carbon dioxide content. While methane
and carbon dioxide content of the biogas in methane reactor
in test run 16 were 38% and 40%,respectively. The methane
reactors couldn’t produced gas after being 1loaded at
organic loading rate 2.61 kgVFA/m’-d or 7.42 kgCOD/m’-d at
HRT of 2 days within seven days.
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Gas production increased with increased loading rate
and methane production rate also increased. But increasing
rate of methane production rate decrease with increased
loading rate(runs 15 and 16), and it implies that
conversion to methane gas decreased when high loading rate
was applied at hydraulic retention time of 2 days and
organic loading rate 7.33 and 7.42 kgCOD/m’-d in runs 15 and
16, respectively.

The percentage of methane in series one and series two
was no different. The percentage of methane component in
runs 1 to 14(54%-77%) were increased by increasing organic
loading rate until the system failed in runs 15 and 16, the
percentage of methane was decreased while the percentage of
carbon dioxide was increased.

In the experimental series one, the methane reactor
gave the optimum methane efficiency of 0.36 1CH,/gCOD
reduced at the organic loading rate 2.37 kgVFA/m’>-d(6.18
kgCOD/m’-d) with HRT of 3 days.

In the experimental series two, the methane reactor
gave the optimum methane efficiency of 0.37 1CH,/gCOD
reduced at the organic loading rate 2.19 kgVFA/m’-d(6.05
kgCOD/m’-d)with HRT of 3 days.

In the design of wastewater treatment system, the
needed optimum condition are maximum methane efficiency,
short retention time and high organic loading rate. In
test run 13, the methane efficiency was at 0.35 1/gCOD
reduced, at the hydraulic retention time of 2 days and
organic loading rate 2.10 kgVFA/m?-d(6.37 kgCOD/m*-d). In
test run 14, the methane efficiency was at 0.34 1/gCOD
reduced, at the hydraulic retention time of 2 days and
organic loading rate 2.15 kgVFA/m’-d(6.41 kgCOD/m’-d) .
Therefore, in practical the selection of 2 days HRT with
organic loading rate 6.4 kgCOD/m’>-d will reduced large
amounts of construction cost and give not much different
in performance.

At 2 days HRT with organic loading rate 6.4 kgCOD/m*-
d, 1 kg of pineapple waste produced 45 liters of methane.
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4.2.4 pH and Alkalinity

The changes of pH and alkalinity at the different
loading rates are shown in figures 17 to 20. The
methanogenic effluent showed pH range from 6.81 to 7.13 and
alkalinity levels ranging from 817 to 1,382 mg/l as CaCO; in
test runs 1,3,5,7,9,11 and 13, and pH range from 6.50 to
7.14 and alkalinity levels ranging from €61 to 1,356 mg/l
as CaCO; in test runs 2,4,6,8,10,12 and 14. The pH dropped
to as low as 6.09, alkalinity 1,024 mg/l as CaCO; and as
5.99, alkalinity 889 mg/l as CaCQO; for test run 15 and 16,
respectively.

The system loading rate then was increased gradually,
step by step, until the system was overload(test runs 15
and 16), causing VFA to accumulate within the system. The
pH dropped from the pH values 6.75-7.16 to 5.99-6.09,
resulting in an imbalance of acid- and methane- forming
population; this subsequently led to a system upset.
Richard (1970) reported that pH less than 6.5 would inhibit
methane fermentation. Mc Carty(1964) recommended that
anaerobic digestion would proceed well at pH of 6.6 to 8.0
and an alkalinity range at 2,500 to 50,000 mg/l. He also
indicated that with CO, representing 30% to 40% of the total
gas, an alkalinity below 1,000 mg/1 as CaCO:, will cause a

drop in pH to undesirable levels at a temperature of 35 °C.

Bicarbonate alkalinity is the primary buffer for
maintaing pH, since carbon dioxide is released as an end
product of anaerobic degradation. Alkalinity from another
source must provide the buffer necessary to neutralizer the
organic acid during acidogenic metabolism of these
compounds. Bicarbonate alkalinity in the range of 1,000 to
1,500 mg/l(as CO3) normally is adequate to maintain a near-
neutral pH(McKinney R E. 1983:163). A high concentration of
VFA’s will destroy the methane reactors buffering capacity,
resulting in a drop in the digester pH and discouraging the
growth of methanogens.

From the two of experimental series, the results showed
pH range from 6.75 - 7.11 which was in common range of pH
as reported by Richard(1970) and McCarty. The alkalinity
showed range was from 817-1,356 mg/l as CaCO; in runs 1 to
14, which was a little bit lower than in the common range
of alkalinity as reported by McKinney(1983).
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Figure 17 Comparison of pH of methanogenic phase in series
1(incubation time of 1 day in acid-phase).
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Figure 18 Comparison of pH of methanogenic phase in series
2 (incubation time of 2 day in acid-phase).
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Figure 19 Comparison of alkalinity of methanogenic phase in
series 1l (incubation time of 1 day in acid-phase).
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Figure 20 Comparison of alkalinity of methanogenic phase in
series 2(incubation time of 2 day in acid-phase).




CHAPTER V
CONCLUSIONS AND RECOMMENDATION

5.1 Conclusions

From the results obtained from this study, the
following conclusions could be drawn:

1. In acidogenic phase, the chemical characteristics
of acidogenic effluent at 1 and 2 days of incubation time
indicated that the experimental series one had digestive
efficiency lower than the experimental series two. From
consideration of the pineapple wastes and the fermented
liquid, it was found that the experimental series two
which half ratio of pineapple wastes and fermented liquid
of the experimental series one could produce nearly the
same concentration of VFA and COD. So it could be
concluded that at the incubation time of 2 days in the
experimental series two could digest and give the VFA and
COD better than the experimental series one because it
had longer time to digest.

2. In experimental series one, loading rate to each
methane reactor was gradually increased carefully from
0.60 kgVFA/m’-d or 1.94 kgCOD/m*-d with HRT of 8 days to
maximum organic loading at 2.10 kgVFA/m’-d or 6.37
kgCOD/m>~-d with HRT of 2 days. Finally the system was
overloaded at 2.60kgVFA/m’-d or 7.33 kgCOD/m’~d with HRT
of 2 days.

In experimental series two, loading rate to .each
methane reactor was gradually increased carefully from
0.58kgVFA/m’-d or 2.04 kgCOD/m*-d with HRT of 8 days to
maximum organic loading at 2.15 kgVFA/m’-d or 6.41
kgCOD/m*-d with HRT of 2 days. Finally the system was
overloaded at 2.60 kgVFA/m’-d or 7.42 kgCOD/m*-d with HRT
of 2 days.

‘ 3. The VFA reductions and COD reduction decreased
with decreasing HRT (8 to 2 days) for both series of
experiment.

4. In the methanogenic phase of the experimental
series one , VFA reduction was about 85%-97% and COD
reduction was about 86%-98%.

In the methanogenic phase of the experimental
series two , VFA reduction was about 84%-97% and COD
reduction was about 82%-98%.

5. The percentage of methane in biogas in series one
and series two was no different. The percentage of methane



42

component in runs 1 to 14(54%-77%) were increased by
increasing organic loading rate until the system failed in
runs 15 and 16, the percentage of methane was decreased
while the percentage of carbon dioxide was increased.

6. In the experimental series one, the methane
reactor gave the optimum methane yield of 0.36 1CH,/gCOD
reduced at the organic loading rate 2.37 kgVFA/m’-d or
6.18 kgCOD/m’-d with HRT of 3 days.

In the experimental series two, the methane
reactor gave the optimum methane yield of 0.37 1CH,/gCOD
reduced at the organic loading rate 2.19 kgVFA/m’>-d or
6.05 kgCOD/m’-d with HRT of 3 days.

In the design of wastewater treatment system, the
needed optimum condition are maximum methane efficiency,
short retention time and high organic loading rate. In
test run 13, the methane efficiency was at 0.35 1/gCOD
reduced, at the hydraulic retention time of 2 days and
organic loading rate 2.10 kgVFA/m’-d(6.37 kgCOD/m3-d). In
test run 14, the methane efficiency was optimum at 0.34
1/gCOD reduced, at the hydraulic retention time of 2 days
and organic loading rate 2.15 kgVFA/m’-d(6.41 kgCOD/m3-d).
Therefore, in practical the selection of 2 days HRT with
organic loading rate 6.4 kgCOD/m’>-d will reduced large
amounts of construction cost and give not much different
in performance.

At 2 days HRT with organic loading rate 6.4 kgCOD/m’-
d, 1 kg of pineapple waste produced 45 liters of methane.

7. From the two of experimental series, methanogenic
phase could proceed well in pH range from 6.75 - 7.11 and
alkalinity range from 817-1,382 mg/l as CaCOs.

5.2 Recommendation for Future Work

1.This system should be applied in the treatment of
the agro-based industrial wastewaters on a larger scale
operation to ensure the efficiency of the degestion
process.

2. The process of recycling/reuse of fermented
pineapple wastes from acidogenic phase should be studied.
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