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Abstract
The study was aimed on determining the gas volume from sludge of oxidation ponds for community wastewater
treatment and UASB tank of cassava factory for wastewater treatment in which the organic matters of both units
were digested through the nature-by-nature process. The amounts of oven- dry weight sludge about 200 g were
collected in the light brow glass bottle with 2.5-l capacity. The fermentation of organic matters in sludge is the
process to produce gases and being transferred to store in chamber by fluid displacement. The gases from sludge
of oxidation pond was occurred on the second day and the maximum on the sixth day with the rate of 70 ml/d
and average of 36.02 ml/d (total 360.23 ml for 10 days) while cassava factory sludge found the maximum
volume on the first day with the rate of 142.6 ml/d and average of 72.2 ml/d (total 649.97 ml for 9 days). In other
words, the oxidation pond sludge can produce gas 1.8 ml/g (oven dry weight) while the cassava factory sludge
found gas 3.25 ml/g (oven dry weight). Research results found gases of oxidation pond sludge on the range of
methane concentration between 545,686 – 9,560,606 ppm, hydrogen sulfide 55.94 to 360.27 ppm, and ammonia
ND to 36.22 ppm, while the cassava factory sludge found methane gas concentration between 729,404 to
9,900,837 ppm, hydrogen sulfide 5,894 to 68,050 ppm, and ammonia ND to 44.15 ppm.
Keywords: gas extraction, sludge, oxidation pond
1. Introduction
There have been approximately 20,000 agro-industrial factories in the whole Kingdom of Thailand, but very
high density in the central and the east. All factories go side by side with being obligated by laws to set up the
effective wastewater treatment system without any exception. After bacterial organic digestion processing, the
environmental indicators of treated wastewater must be equal or less than water quality standards for effluent, for
example, the effluent BOD must legally equal or less than 20 mg/L. It is understood that the sludge has been
formulated after bacterial digestion processing and moving down to the bottom of oxidation ponds. After that,
the sludge will be gradually accumulated for some depth affecting the storage oxidation pond capacity in which
the decreased rate of aerobic bacterial digesting process (Chen et al., 2008; Appels et al., 2008). In case of
dredging up sludge, it has some difficulty to designate the dumpling areas due to oppose from the nearby
dwellers. The only way can be done by using their own land which has very small part of the factory boundary.
In basic principles, the dredged sludge can be usable for dumping on swamp land areas, some case for fertilizing
croplands because it is supposed to comprise of plant nutrients. It is remarkable to stress that using the sludge
from oxidation ponds for land dumping and cropland fertilizing would be probably insecure according to some
toxicant contaminations from excess resources and residues from technology, especially community wastewater
from bigger cities. Actually, flowing the excess water through communities and cities is normally contaminated
with mostly organic wastes that becoming some part of stream pollution (Li et al., 1996). Theoretical point of
views, the organic waste in stream water is normally digested by bacteria which needs dissolved oxygen as
energy to conduct the processes, H.M. the King of Thailand calls this phenomena as nature-by-nature process.
For clear understanding the nature-by-nature process, it has been explained as shown in Figure 1 that the
dissolved oxygen in community wastewater is originated from three processes: firstly, photosynthesis of
phytoplankton and algae; secondly, thermo-siphon process due to evaporation from surface water that cooling
water to have more diffused oxygen and to sink down to the bottom; and thirdly, thermo-osmosis process
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according to aerenchym
ma cells (sponngy cells) as ppertained in very young leaaves of aquatiic plants can bring
b
oxygen thhrough phloem
m and xylem aas pathways oof elements annd water to thhe rhizomes bbefore supplyin
ng to
bacteria ass energy for organic
o
digestioon (Arneth & Stichlmair, 20001; Bearmann, 1957; Bucheel & Grosse, 1990;
1
Chunkao eet al., 2012; Deubigh
D
& Raaumann, 1952;; Gehlin et al.. 2003; Grossee, 1989; Grofsse & Bauch, 1991;
1
Pulford & Watson, 20003; LERD, 22012). In othher words, thee nature-by-nature processes are implie
ed as
photosynthhesis, thermo--siphon, and tthermo-osmossis means in ssupplying to oxygen as ennergy for natu
urally
bacterial ddigestion of orrganic waste inn community wastewater from point sourrces. In conseqquence of bacterial
organic diigesting processes, the sludgge is normallyy produced at the bottom of oxidation poonds in which it is
mainly com
mposed of dead bacteria buut small portioon of dead plaants and animaals. It might bbe contaminate
ed by
toxic and nnon-toxic chem
micals which w
would be depeended on compponents of poinnt sources. Byy all appearanc
ces, it
could be bbrought to servve need of the R
Royal LERD pproject to use ffor wastewaterr treatment by the small wetllands
and oxidaation ponds ass the pilot m
model for dissseminating thee technical knnow-how on community an
nd/or
municipal wastewater treeatment to the concerned ageencies in the w
whole Kingdom
m of Thailand.

Figure 1. H
Hypothetical process
p
of algae photosynthesis, thermo-sipphon, and therm
mo-osmosis inn producing ox
xygen
as eneergy for bacterial organic diggestion to treatt in oxidation pponds for comm
munity wastew
water treatment
Nowadayss, the concept of
o zero waste m
management aand bioenergy recovery is sppread out to every country around
the world which is induuced to use sluudge from oxiidation ponds sometimes caalled sediment,, for producing the
biogas for energy supplyy. In general, sludge which obtained from
m engineering ddevices for waastewater treattment
such as Acctivated Sludgge (AS), Upfloow Anaerobic Sludge Blankket (UASB), R
Rotating Bio C
Contact (RBC), and
Trickling F
Filter (TF) haad been availabble used for bbioenergy becaause of high content of orgaanic matters. It
I has
been know
wn among envvironmental sccientists and eengineers that there is veryy less number of report in using
u
sludge of w
wastewater treeatment in parrts of Oxidatioon/ Stabilizatioon Pond (OP/O
OS), and Lagoon Treatment (LT)
which are undoubtedly, relied on natuural processes for oxygen suupply by algaee photosynthessis, thermo-sip
phon,
and thermoo-osmosis processes. Neverttheless, the accumulative sluudge masses arre very much cconcerned with the
variation iin quantity annd quality of effluent at thee pipe outlet from three pooint sources suuch as community
drainage ssystem, municiipal sewerage,, and industriaal factories. Beesides, the waastewater treattment technolo
ogies,
hydraulic retention timee (HRT) for bbacterial organnic digestion pprocessing aree necessary inn energy storag
ge in
sludge in terms of the completion of bacterial orgganic digestioon processes w
which can prooduce an effec
ct on
organic m
matter and quaality of sludgee. Usually, thee efficiency oof bioenergy rrecovery from
m sludge is clo
osely
associatedd with the conttent of organicc matters in sluudge, the moree substrate for anaerobic baccteria and the more
productionn of bioenergyy, such as methhane, hydrogenn, etc. (Yuanyuuan et al., 20133).
The main ppurpose of thiis study is aim
med to determinne the amount of gas from slludge as obtainned from oxidation
ponds whiich are used for
f communityy wastewater treatment throough nature-bby-nature proccess (representt low
concentrattion of organiic matters) comparative witth sludge from
m UASB tankk of cassava ffactory wastew
water
treatment plant which represent
r
highh concentration of organic matters. Finallly, the effectt of factors on
n the
potential oof gas productiion from sludgge was examined.
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2. Method
ds and Proced
dures
2.1 Locatioon of Experim
mental Sites
H.M. the K
King’s Royallly initiative Laaem Phak Biaa Environmenttal Research aand Developm
ment Project (R
Royal
LERD) haas been establiished at Laem
m Phak Bia subb-district, Ban Laem districtt, Petchaburi pprovince aboutt 150
km from Bangkok and 50 km from Ratchaburi P
Province whilee the Cassavaa Factory is loocated at Banpong
district, Raatchaburi provvince about 150 km from Baangkok as show
wn in Figure 22. The Royal L
LERD study arrea is
located uppper edge of mangrove
m
foresst nearby the G
Gulf of Thailannd including 55-consecutive oxidation ponds as
connected by 18.5-km HPDE pipe for transferrinng wastewaterr which pumpps from Klonngyang wastew
water
collection pond inside Petchaburi
P
muunicipal. On thhe other hand,, Banpong Taapioca Flour Inndustrial Com
mpany
Limited is located in Baanpong districtt, Ratchaburi pprovince which produces naative starch andd various mod
dified
starch.

Figure 22. Location of the Royal-LER
RD project sitee in Petchaburri province andd cassava factoory in Ratchabu
uri
province, annd sampling staation for colleccting the fresh-weight sludgee for extractingg gases
2.2 Oxidattion-Pond Sluddge Products
THE Royaal LERD oxidaation ponds aree made of com
mpacted-clayedd soils on grouund floor and 44-side enclosurres to
form the ttrapezoid by 45-degree
4
leanning to perpendicular sides w
with the waterr levels of 20--30 cm differe
ences
beginning from 2.50 m for sedimentaation pond, 2.330, 2.00, 1.70,, and 1.50 m for ponds no. 2, 3, 4 and 5, and
formulatinng water storagge capacity off 2.2x104, 6.1xx104, 5.9 x104, 5.4 x104, annd 5.9 x104 m3, respectively
y (see
Figure1). IIn addition, thhe water gate w
with smooth-roound weir cresst is also consttructed as the pathway of tre
eated
wastewateer from HPDE-pipe outlet too sedimentationn pond througgh ponds 2, 3, 4 and 5 to thee destination at
a the
natural maangrove forestt. Wastewaterr which came from Petchabburi municipaal is continuouusly transferre
ed by
pumping ffrom Klongyanng collection ppond about 6,0000-8,000 m3 pper day througgh the 18.5-km
m HPDE pipe to
t the
sedimentattion pond in order
o
to operatee such commuunity wastewatter treatment bby 5-consecutivve oxidation ponds
p
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under nature-by-nature processes to produce oxygen supplying in bacterial organic digesting to become
inorganic materials as plant nutrients for herbivore fishes consuming. Consequently, the sludge is produced
during the bacterial digestion processing and moving down to the bottom of the oxidation ponds in terms of
accumulative depth. In practicing point of views, such accumulated sludge has to be dredged out in every 5 years
for encouraging the aerobic process of the excess and bigger size of organic wastes in community wastewater.
2.3 UASB Sludge Products
Banpong Tapioca Flour Industrial Company Limited is a Thailand leading manufacturer of native starch and
various modified starch located in Banpong district, Ratchaburi province. The harvested cassava were washing
and transferring to grind and manufacturing to produce the tapioca flour (cassava starch) as the product of
cassava factory. At the same time, the wastewater from washing and cleaning of manufacturing process has to be
drained into the UASB tank and consecutive-oxidation ponds for wastewater treatment before becoming effluent
to the public water sources.
2.4 Sludge Collection
Purposively, the five sampling points were located on four corners and the middle of oxidation pond for Royal
LERD project site in Petchaburi province (aged more than 3 years) for represent low concentration of organic
matters and sampling sludge from UASB tank of cassava factory wastewater treatment plant in Ratchaburi
province for represent high concentration of organic matters as shown in Figure1. Fresh-weight sludge samples
were collected and kept them in close-dark containers for determining its moisture and using for energy
extraction.
2.5 Sludge Moisture Determination
Every fresh-weight sludge that took from community wastewater treatment pond (oxidation pond of
Royal-LERD) and cassava wastewater treatment plant (second treatment from UASB system) was to determine
the moisture content. The method how to determine the sludge moisture content as in Equations 1-2:

Where:

M

=

[(Fw - X)/X] x 100

(1)

W

=

(MX/100) + X

(2)

M = sludge moisture (%).
Fw = field-fresh weight of sludge (g.).
X = oven-dry weight of sludge (g.).
W = calculated fresh weight of sludge.

For the anaerobic conditions, moisture content have been considered to be important factor indicated that the
amount of biogas should be directly depended on the moisture content and organic matters in sludge (Lay et al.,
1997). Therefore, this research was focused on sludge moisture variation of M/4, M/2, M, 2M, and 4M as the
stimulant for gas producing. It is obvious that M/4 and M/2 obtained by water pressing machine, M is normally
fresh moisture content as obtained directly during sludge sampling from oxidation ponds, while M2 and M4
obtained by adding water. Consequently, the fresh-weight sludge for this experiment should be as in Equations
3-7:
W1

=

(X M/4 x 100) + X

(3)

W2

=

(X M/2 x 100) + X

(4)

W3

=

(M X x 100) + X

(5)

W4

=

(2M X x 100) + X

(6)

W5

=

(4M X x 100) + X

(7)

Based on oven-dry weight of 200 g (X), the fresh-weight sludge of W1, W2, W3, W4, and W5 were filled into
the light brown color of 2.5-l narrow-mouth glass jar with two holes, first hole for thermometer for measuring
inside temperature and second hole for silicone rubber tube for transferring gas during/after anaerobic digestion
process in fermentation stage. However, there must be sealed any leakage by transparent silicone, and also the
glass jar must be wrapped by aluminum foils in order to imitate the closed system for anaerobic process as
illustrated in Figure 3.
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3. Measurrement of Gass Products an
nd Separation
In principlles, the amounnt of gas can be determinedd by taking ann amount of ooven-dry sludgge 200 g into 2.5-l
narrow moouthed-glass jaar for gas extrraction by ferm
menting it in aanaerobe condiitions. The am
mount of gas ca
an be
measured by taking thhe silicon rubbber tube of llight-brown narrow moutheed-glass jar w
which wrapped by
aluminum foils connectiing to pure-water bottle as gas acceptor bby fluid displaacement methood as illustrated in
Figure 3. T
The obtained gas is graduallly replaced w
with pure water in the bottlee after beginning of fermentation
processingg until the ferm
menting time iss up. The gas vvolume will bee manually reccorded from sccaling marks on the
outer part of the pure-w
water bottle andd collected daata every hourss (7 am-5 pm)). In this studyy the gas yield
d was
reported ass the amount (milliliter)
(
of ggas generated pper gram.
After the aamount of oveen-dry weight ssludge 200 g w
was filled in too chamber withh unopened coover and conne
ect to
three-way stopcock withh overtopping for 1 hour in oorder to settle down of sedim
ment. Use syringe was sucke
ed up
gas from thhe chamber thhrough three-w
way stopcock fo
for once a day. Then after, thhe gas inside syyringe was inje
ected
into vacuuum-blood tube.. The concentrration of gas suuch as hydrogeen sulfide (H2S
S), methane (C
CH4), and amm
monia
(NH3) wass analyzed by gas
g chromatoggraphy techniqques.

Figure 3. Method of fluid
f
displacem
ment (displacem
ment bottle) foor determiningg the amount of gas from fressh
sludge as obtained from
m oxidation ponnds of Royal-L
LERD project site in Petchabburi province aand UASB tan
nk of
ccassava factoryy in Ratchaburii province
4. Results and Discussion
In fact, thee depth of oxiddation pond is normally rangged between 1.5 - 3.0 m accoording to negleect the thickne
ess of
anaerobic zone as well as facultative bacterial digeestion processing in which thhe bad smellinng gases should be
diffused thhrough the above the surfacce. Even thouugh the aerobicc bacterial oxidation processs is dominantt, the
facultativee and anaerobbic processes ccould be occuurred in all paarts of the oxxidation pondss. This is why
y the
accumulattive sludge deppth of the Royyal LERD and cassava factorry wastewater treatment systtem can be eligibly
accumulatted during the bacterial
b
organnic digestion pprocessing.
4.1 Characcteristics of Slludge
The dried Royal LERD
D oxidation pond sludge texxture is comprised of sand 770%, silt 18 %
%, and 12% which
w
classified according to the Unified Sooil Classificatioon System as ssandy loam texxture and casssava factory UASB
U
sludge texxture as loamy sand (sand 866%, silt 4%, annd clay 10%) as shown in T
Table 1. It is reemarkable to stress
s
that the orrganic matter content was indicated in thhe cassava faactory sludge ((22.43%) morre than finding
gs as
belonged tto the oxidatioon pond sludgee (12.77%) in which it was oopposite from pH values of 7.8 and 7.1 fo
or the
Royal LER
RD oxidation pond
p
sludge annd cassava facttory UASB sluudge as indicatted in Table1.
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Table 1. Sludge oven-dry weight, properties, moisture content, elements of the Royal-LERD project and cassava
factory including water quality and separated biogas
No.
1.

Items

Oxidation Pond of Royal-LERD site

UASB tanks of Cassava factory

1) Sand

70

86

2) silt

18

4

3) clay

12

10

Sandy loam

Loamy sand

Sludge Properties
1.1 Texture (%)

1.2 Soil Texture
1.3 pH

7.8

7.1

12.77

22.43

175

1,714

2) Potassium (K)

370

6,420

3) Calcium (Ca)

4,876

1,541

777

1,749

2.1 Fresh weight (g)

381.55

443.71

2.2 Oven-Dry Weight (g)

53.97

36.35

2.3 Moisture Weight (g)

606.97

1,120.66

7

11

1) sample 1

10.48

38.55

2) sample 2

4.64

18.86

3) sample 3

3.48

21.07

6.20

26.16

1) sample 1

2.41

7.26

2) sample 2

1.53

3.19

3) sample 3

1.16

4.53

1.70

4.99

1.4 Organic matter (%)
1.5 Nutrients (mg/kg)
1) Phosphorus (P)

4) Magnesium (Mg)
2.

Sludge Moisture

2.4 Fresh Wt: Dry Wt. Ratio (times)
3.

Organic Elements in Sludge
3.1 Carbon (%)

Average
3.2 Hydrogen (%)

Average
3.3 Nitrogen (%)
1) sample 1

1.04

8.2

2) sample 2

0.50

2.76

3) sample 3

1.34

3.66

0.96

6.89

5.1 BOD (mg/l)

36.50

335.00

5.2 NH3 (mg/l)

13

156

Average
5.

6.

Water Quality

5.3 Nitrate (mg/L)

0.83

5. 63

5.4 TKN (mg/l)

28.00

233.00

5.5 Sulfide (ppm)

1.93

6.92

Separated Biogas
6.1 NH3 (ppm)

ND – 36.22

ND – 44.15

6.2 H2S (ppm)

55.94 – 360.27

5,894 - 68,050

6.3 CH4 (ppm)

545,686 – 9,560,606

729,404 – 9,900,837

Remarks: ND = Non-Detectable.
The Royal LERD oxidation pond sludge due to bring more silt and clay particles in the study area by estuarine
water from the Gulf of Thailand which obtained them from the main-five rivers (Bang Pakong, Chao Phraya,
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Tha Chin, Mae Klong, and Petchaburi). It is noticeable that there were pH of cassava factory sludge on the value
of 7.1 because the wastewater came from freshwater as used for manufacturing activities, while pH 7.8 for the
Royal LERD sludge came from the mixing between the freshwater wastewater and estuarine water. Moreover, it
is believed that in reality texture are highly percent silt which have adhered and attached together during the long
term stock and degradation of sludge. (Arulrajah et al., 2011) Unfortunately, cassava factory UASB tank dried
sludge texture was loamy sand because sludge from UASB tanks always likes granules sometimes called seed. A
sludge granule is an aggregate of microorganisms forming during wastewater treatment in an environment with a
constant upflow hydraulic regime. After when sludge granules were dried eventually the aggregates form into
dense compact and texture like sand. So, the texture of cassava factory sludge was classified as loamy sand.
Research results had to pay more attention to the content of organic matter in sludge of UASB tank from cassava
factory higher up to 22.43% by weight while the Royal LERD oxidation pond sludge found only about one half
(12.77% by weight) as indicated in Table1. The hydraulic retention time (HTR) should pay role in higher
reduction rate of organic wastes by the bacterial organic digestion processing as belonged to the Royal LERD
community wastewater treatment system while less rate found in UASB for cassava factory wastewater
treatment. In other words, the Royal LERD wastewater treatment system (in-pipe anaerobic process plus
5-consecutive oxidation ponds through nature-by-nature processes about 65 days until drain out) would be
functioned more completely degradation than UASB system (engineering technology) as belonged to the cassava
factory wastewater treatment. This was why the organic wastes left in the cassava factory sludge (22.43% by
weight) higher than in sludge from the Royal LERD project site (12.77% by weight).
The research findings were obtained from analyzing some plant nutrients in sludge as designated in Table 1. The
averaged values of phosphorus (175 mg/kg), potassium (370 mg/kg) and magnesium (777 mg/kg) for the Royal
LERD sludge were lower than phosphorus (1,714 mg/kg), potassium (6,420 mg/kg) and magnesium (1,749
mg/kg) for the cassava factory sludge because of higher organic matter content in cassava and its adhered soils
which are expected to contain more phosphorus and potassium elements. However, the value of calcium (4,876
mg/kg) of the Royal LERD sludge showed about 4 times higher than calcium of cassava factory sludge (1,541
mg/kg) as illustrated in Table1. Technically speaking, both sources of sludge could be able to apply for growing
economic crops, only if they had to be safe from toxic chemicals which might be contaminated in the sludge.
Actually, cassava factory sludge is composed of much more carbohydrate in which the main structure is exactly
pertained to carbon, hydrogen, and oxygen. It is no doubt that why the cassava factory sludge can absorb more
water than sludge as obtained by oxidation pond of the Royal LERD wastewater treatment system. Besides, there
were much more nitrogen, TKN, NH3, and nitrate that indicated high moisture absorption in part of cassava
factory sludge (31 times of its oven-dry weight) than the oxidation pond sludge (11 times of its oven-dry weight).
Furthermore, the bacterial organic digestion under nature-by-nature process in oxidation pond sludge was
presumably fulfilled much more than occurring in cassava factory sludge from UASB anaerobic process as
stated previously.
4.2 Moisture Content of Sludge
The evidence can be seen in the research results for sludge moisture determination as shown in Table 1. The
results found the moisture content in oxidation pond sludge 606.97% or higher about 7 times of its oven-dry
weight while in cassava factory sludge 1,120.66% or about 11 times as shown in Table1. The reason will be
emphasized on the water absorptivity of organic matter, normally more than 7 times of its oven-dry weight, that
induced to think of the more organic matter content are the more water absorption in sludge. The previous
statement could be pointed out that this is the reason why the cassava factory sludge was shown in higher water
absorption capacity than results found in the oxidation pond sludge as designated in Table1.
Theoretically speaking, the digested organic matter, mostly called as inorganic materials, is normally capable to
absorb water in three forms: firstly, in form of chemical-combined water; secondly, in form of the particle pores
(both macropores and micropores of greater and less 50 microns in diameter); and lastly, coating on particle
surface by adhesive and cohesive forces. Field observation found that the oxidation pond sludge was comprised
of more coarse particles than cassava factory sludge, in which the diameter size of micropores should be existed
more than macropores. In contrary, the micropores and specific surface of cassava sludge would play vital role in
more water absorption capacity not only in-cavity function but also coating on the finer particle surface. This is
why the cassava factory sludge showed its water absorption capability than the oxidation pond sludge as
illustrated in Table 1. In the same way, the sludge that is characterized somewhat friable structure like oxidation
pond sludge can normally absorb less amount of water than fine particles of cassava sludge.
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4.3 Gas Prroducing from Sludge Fermeentation
A comparrison of gas prroducing from
m sludge fermeentation underr anaerobic prrocess in 200--g of Royal-LERD
oxidation pond sludge and
a cassava faactory sludge aas representedd low organic and high orgaanic content grroups
was shownn in less amouunt of NH3, H2S, and CH4 foor low rather thhan high organnic ingredientss (Table1). The gas
producing from the sluddge fermentatioon found (1) aammonia gas ((NH3): rangingg ND – 36.22 ppm, (2) hydrrogen
sulfide (H
H2S): ranging 55.94
5
– 360.277 ppm, and (3) methane (CH
H4): ranging 5545,686 – 9,5660,606 ppm fo
or the
Royal LER
RD project; annd (1) ammonia gas (NH3): rranging ND - 444.15 ppm, (2)) hydrogen sulfide (H2S): ran
nging
5,894 - 688,050 ppm, annd (3) methanee (CH4): rangiing 729,404.000 – 9,900,8377.00 ppm for tthe cassava factory
sludge as sshown in Table1.
It is clearlly understood that the sludgge of cassava factory whichh obtained treeated wastewatter from anaerobic
process off UASB system
m can be prodduced more cooncentration off gas in terms of NH3, H2S, and CH4 as stated
s
above because of the higgh content of carbohydrate w
which is compposed of carboon, hydrogen, aand nitrogen as
a the
main struccture. In basic principles, thee more carbohyydrate (as receeived from UA
ASB wastewateer treatment sy
ystem)
is more gas to producee, especially N
NH3, H2S and CH4. Neverthheless, with thhe anaerobic ddigestion meth
hods,
almost of the organic matter
m
are miineralized andd subsequent bbiogas generattion increase in biogas/metthane
generationn (Gonzalez ett al., 1998; Sinngh et al., 19999; Tyagi & Loo, 2013). In oppposite, the aeerobic and mo
ore or
less faculttative fermentaation under thhe nature-by-nnature processiing of oxidatioon pond sludgge did not pro
oduce
more biogas due to the completeness
c
oof bacterial orgganic digestionn as stated aboove. The reportted on an anaerobic
pond founnd that biogas was formed ddecreased as thhe pond aged. It proposed thhat the higherr biogas production
related wiith period off sludge accum
mulation in ppond. (Heubeeck & Craggss, 2010; Crudddas et al., 2014)
2
Additionallly speaking, UASB
U
wastew
water treatment system has soome constraintts to apply for high organic waste
w
content in wastewater, particularly
p
higgh concentratiion of BOD, C
COD, TDS, annd SS as well as high conte
ent of
carbohydraate and proteinns.
4.4 Biogass Releasing Peeriod from Sluddge
The bacterrial organic diigestion processs of oxidationn pond sludgee (200 g oven--dry weight) ccaused immediiately
the gas occurrence at the beginning sttage, then graddually increaseed on the thirdd day, and reacched the maximum
quantity oon the ninth day
d for field fr
fresh weight (W
W3). The resuults was also pointed out thhat the same trend
occurred oon the moisturre levels of W2 and W4 butt the biogas seeemed lower aamount. In conntrary, the moiisture
content onn levels of W11 and W5 werre found in irrregularly trendd from beginning period unttil to the tenth
h day
(Figure 4)). For gas producing from ccassava factorry sludge, gas was immediaately occurred after the start- up
period of ffermentation due
d to its high concentrationn of C, H, N, aand sulfate. In anaerobic digeestion process with
high sulfatte and organicc content is a useful charactterization techhnique becausee sulfate is thee terminal electron
acceptor aand is reduced to sulfide gas, with reducinng equivalents derived from the degradatioon of many org
ganic
compoundds (Widdel, 19988; Sinbuathoong, 2007) butt after change organic to gaas form, gas pproduction rate
e was
gradually decreased with rapid rate until to the m
minimum during the third and fourth ddays (Figure 5).
5 In
anaerobic digestion withh high sulfate aand organic coontent Then aft
fter, it trended to increase agaain on the fifth
h and
the eight ddays before stoopping on the ttenth day.
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Figure 5. Periods of gas producing from (a) sludge of oxidation pond comparable with (b) sludge from cassava
factory UASB tank
It should be noted that the maximum amount of gas from oxidation pond sludge was occurred at the sixth days
on the field fresh weight (W3) about 70 ml/day (1.8 ml/g of its own oven-dry weight) and a little small amount
after squeezing sludge moisture about a half (W2) and one-fourth content (W1) but lower biogas production
found by adding moisture for 2 and 3 times (W4 and W5 respectively) of the field fresh weight (W3) as shown in
Table1 and Figure 4. The cassava factory sludge, gas was occurred in the maximum rate at first day on cassava
factory sludge found the maximum volume on the first day with the rate of 142.6 ml/d and average of 72.2 ml/d
(3.25 ml/g of its own oven-dry weight). In other words, the existing moisture in sludge showed higher potential
to produce more biogas than dewatering or adding moisture. For practicability, the direct grab of sludge from
oxidation ponds should be immediately brought to ferment in order to get more biogas products. The results
presented in Figure 4(a) show that gas releasing activity of oxidation pond at low moisture content was also
remarkably lower than at high moisture content. In contrary, Cassava factory sludge found the high moisture
content (about 11 times of its oven-dry weight) when adding more water to increase moisture (W4 and W5), the
results presented in Figure 4(b) show that gas releasing activity at low moisture content was also remarkably
higher than at low moisture content. Obviously, the moisture content is important environmental factors for
organic digestion process and has specific relationship with methanogenic activity in anaerobic digestion process
(Cheremisinoff, 1994; Ghosh, 1984; Lay et al., 1997).
4.5 Role of Sludge Moisture in Gas Releasing
As mentioned before, moisture content of sludge played vital role in gas releasing, particularly cassava factory
sludge because of its structure being composed of more carbohydrate. From the previous statement, the field
fresh weight of sludge which belonged to the original moisture content (W3) as taken at the sampling site was
shown as the most probable factor to release gas from both the oxidation pond and UASB sludge. Following
such statement, the 200 g oven-dry weight of both sludge were used to determine the gas releasing and found the
product for the ninth and tenth day of cassava factory sludge through UASB wastewater treatment system and
oxidation pond for treated community wastewater, respectively (Figure 3). The experimental results showed the
amount of gas product from oxidation pond sludge (1.80 ml/g oven-dry weight) lower than the amount of gas
that released from cassava factory sludge (3.25 ml/g oven-dry weight) due to less C, H, N, sulfate, and
carbohydrate which are the main structure of sludge. Anyway, no matter the moisture was dewatered or adding
to get wet sludge, the released gas was evidently reduced almost about 50 % of field moisture samples as
illustrated in Figure 6 and Table 2.
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Figure 6. Accumulate gas releasing from moisture content variation of (a) oxidation pond sludge under
nature-by-nature process and (b) cassava factory sludge as obtained from UASB anaerobic process
Table 2. Role of moisture content in gas releasing from sludge of oxidation pond and cassava factory UASB tank
No.

Sludge Moisture

1

Gas Releasing (ml/g oven-dry weight)
oxidation pond sludge

cassava factory sludge

W1: one-fourth decreasing W3

0.75

1.78

2

W2: half decreasing W3

0.88

2.14

3

W3: field fresh weight

1.80

3.25

4

W4: two times adding W3

1.08

0.84

5

W5: four times adding W3

0.87

1.01

5. Conclusion
For serving satisfaction on the concept of zero waste management and bioenergy recovery, the Royal-LERD
sludge that obtained from oxidation pond of the community wastewater treatment under the Thailand King's
initiative nature-by-nature process can be fermented for producing gas in terms of comparison to the cassava
factory sludge as obtained from UASB system under anaerobic processes. Some necessary chemicals were
analyzed from field fresh sludge for determining moisture and gas producing. Much more moisture content
found in the cassava factory sludge about 11 % oven-dry weight and 7 % for oxidation pond sludge because of
higher content of C, H, and N as the same trend as BOD, TKN, ammonia, nitrate, and sulfide. In the same
manner, the sludge fermentation can directly produce gas that showing higher amount of gas from the cassava
factory sludge (3.25 ml/g) than the oxidation pond sludge (1.80 ml/g). However, the fresh field sludge was
indicated as the most maximum gas production rather than dewatering and adding some more water before
fermenting for gas producing.
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