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Abstract. Sewage sludge, normally in form of mixed sewage sludge is
treated using anaerobic digester worldwide. In Malaysia, sewage sludge
was categorized as domestic sewage sludge since sewage treatment plant
treats only domestic sewage. The complex organic compounds in form of
carbohydrates and proteins are transformed to methane during anaerobic
digestion. The characteristics of complex organic compounds in domestic
mixed sewage sludge are needed to assess the energy recovery form
digesting domestic mixed sewage sludge. Besides that, it is common to use
anaerobic biomass from existing anaerobic digester for the new setup of
the anaerobic reactor. Therefore, this study was outlined to study the
characteristics of domestic mixed sewage sludge and anaerobic biomass,
particularly on the complex organic compounds. The complex organic
compounds measured were carbohydrates and proteins. The higher
complex organic solubilisation as a result of thermal pre-treatment was
proven to improve the methane production. Therefore, in this study, the
impact of low thermal pre-treatment in improving the organics
solubilisation was assessed too. Low thermal pre-treatment at 70°C and
90°C at various treatment time were applied to the domestic mixed sewage
sludge. The results indicated that the domestic sewage sludge and
anaerobic biomass from a full-scale anaerobic digester contained complex
organic compounds; existed mostly in form of particulate as shown by the
low value of soluble to total ratio. Besides that, the low thermal treatment
at 70°C and 90°C increased the organics solubilisation. Protein
solubilisation was observed exceeded 8% after being treated for 20 min at
both thermal treatments. However, the impact of low thermal treatment
was better at 90°C, in which higher solubilisation was observed at longer
treatment time.

1 Introduction

Anaerobic digestion is a biological process to degrade the organic pollution with the
existence of several types of anaerobic microorganisms, in which the biogas is produced.
The biogas has a high calorific value and is considered as a renewable energy source [1].
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The airtight tanks are used for anaerobic digestion. Many types of the organic material can
be digested, except for stable woody materials. The lignin in the stable wood is hard to be
degraded by the anaerobic micro-organisms lignin [1]. Substrate to anaerobic digester
varies including landfill leachate, and sewage sludge [2], [3].

Asia Pacific Economic Cooperation (APEC) economies (including Malaysia) have
made commitments to promote renewable power generation and have implemented a
variety of policies to support wider adoption of renewable technologies [4]. This energy
policy will shape the region’s’ energy future. According to Kumaran [5], if entire sewerage
system in Malaysia adopts anaerobic digestion, the methane (renewable energy) from
sewage sludge is estimated as 1,132,512.50 m* CH, /day and the energy production is 4.75
GW.h/day. Unfortunately, only few sewage treatment in Malaysia adopting the anaerobic
digestion. Anaerobic digester in Jelutong Sewage Treatment Plant (STP) was producing an
average of 800 m’/day biogas, used for lighting within the plant compounds, odor control
system and lift for the digester equipment building, consequently complying with the
sustainability principle [6]. It is a huge economical loss to neglect application of anaerobic
digester for sewage treatment because this technology able to reduce sludge volume; by
reducing of about 30% of the organic load (part of the solid organic matter is converted into
gas) besides producing renewable energy (biogas) [7].

Despite the advantages of anaerobic digestion as mentioned above, the long retention
time (typical 20-30 days) and less organic reduction were the major drawbacks of this
anaerobic digestion. Appels [1] reported that organics reduction from sewage sludge
through anaerobic digestion is limited to about 50% even after 20 days residence time.
During the anaerobic digestion of complex organic matter, the hydrolysis is always the rate-
limiting state. Therefore the optimization of the anaerobic digestion process strongly
depends on the increase in hydrolysis efficiency [1, 8]. Moreover, the good contact
between substrate and biomass is a crucial key in hydrolysis [9].

Pre-treatment is a method to improve hydrolysis, in which sewage sludge disintegration
is achieved before entering the digester. In comparison with other methods of pre-
treatment, thermal pre-treatment has been considered to be a more promising technique [10,
11]. Most of the pre-treatments have only been applied to sewage secondary sludge (or
waste activated sludge, WAS), due to the difficulty of sewage secondary sludge
digestibility compared to sewage primary sludge. According to Jones [12], the gas yield
(volume gas / volume sludge) from the digestion of WAS at 10 days solids retention time
(SRT) is approximately four-fold lesser than what was observed from the digestion of
primary sludge. Low thermal pre-treatment (< 100°C) was able to increase the solids and
organic solubilisation of sewage sludge [13-16]. The higher organic soluble enhance the
hydrolysis step consequently increased methane production [13, 17].

There are nine (9) options for energy recovery from sewage sludge (from the organic
compounds in sewage sludge) including anaerobic digestion of sewage sludge, production
of biofuels from sewage sludge, and direct production of electricity from sewage sludge in
microbial fuel cells [18]. Biogas production is directly influenced by the type of sludge and
the operating conditions of the digester. For a mixture of primary and secondary sludge the
gas production amounts to approximately 1 m’ of biogas/kg of organic solids biodegraded
[4]. It is necessary to measure the composition of the sewage sludge to assess the options
for energy recovery from sewage sludge as a sole substrate, particularly on the complex
organic concentration. The pathway of the transformation of complex organic to biogas is
established [19]. Therefore, the aim of this study was to characterize the domestic mixed
sewage sludge and anaerobic biomass from the full-scale anaerobic digester particularly on
the organic compounds, in which very few studies on this subject were reported. In
addition, this study also investigated the impact of low thermal pre-treatment on the
domestic mixed sewage sludge characteristics.
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2 Material and Methods

2.1 Sample Collection

Two types of sample were taken from the full-scale local anaerobic digester treating the
domestic mixed sewage sludge located in Malaysia. The domestic mixed sewage sludge
(DMS), which goes directly into the anaerobic digester and anaerobic biomass or
anaerobically digested sludge (AnDS) were collected at each sampling day. AnDS was
taken from the anaerobic digester itself. The sludge was stored at 4°C in the laboratory
before use.

2.2 Preparation for pre-thermally treated domestic mixed sewage sludge
(DMS)

After being stored at 4°C for a short time (< 24 hours), the low thermal pre-treatment was
applied to the DMS to investigate the effects of low thermal pre-treatment, particularly on
organics solubilisation. Low thermal pre-treatment is expected to increase the organic
solubilisation of domestic mixed sewage sludge.

The thermal pre-treatments were carried out using a thermostatic water bath operated at
a temperature of 70°C and 90°C respectively. The procedures for preparing the pre-
thermally treated DMS were described by Roslinda [20]. According to Salsabil, [21], the
organic solubilisation (Sx in %), can be calculated as below:

S :(M])HOO% (1)
Xpo
where,
X =represents either COD, proteins or carbohydrates concentration.

Xs = soluble concentration
Xso = initial soluble concentration
Xpo = initial particulate concentration

2.3 Analytical method

Untreated DMS, pre-thermally treated DMS, and AnDS were analyzed for chemical oxygen
demand, carbohydrate, and proteins. The analytical method for that parameter was
described previously by Seswoya [22]. The sample for determination of the soluble
concentration of chemical oxygen demand (COD), carbohydrates, and proteins were firstly
centrifuged at 10000 rpm for 10 min, then filtered through a cellulose acetate filter of
0.45um pore size prior to analysis [23, 24].

DR 6000 UV-Vis spectrophotometer, DRB200 Reactor (digester) and COD vial (TNT
plus 822) were used for total and soluble COD determination, based on Reactor Digestion
Method which was approved by USEPA.

3 Results and Discussion

3.1 AnDS Characteristics

Table 1 showed the ratios of soluble to particulate of each measured parameters. The ratios
of soluble COD to total COD (SCOD/TCOD) were low. This was also observed for the
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AnDS originated from lab-scale continuous stirred tank reactor operated at mesophilic
temperature (37°C and 35°C) treating sewage sludge (mixed and waste activated sludge)
[25,26,15,16]. AnDS also contained carbohydrates and proteins. AnDS from this study
having higher protein than carbohydrate, which is opposite to what was observed by Lu
[26] Astals [25] in which AnDS the in their study originated from lab-scale continuous
stirred tank reactor. The lower concentration of soluble form of COD, carbohydrates, and
proteins showed that the organics mostly existed in the form of a particulate. This was also
observed by Astals [25] and Lu [26] previously.

Table 1. Soluble to total ratio of measured organic compounds in untreated AnDS

Sampling date
Parameters
27/7/15 1/9/15
SCOD / TCOD 0.14 0.09
SProteins / TProtein 0.05 0.04
SCarbohydrate / TCarbohydrate 0.03 0.05

The data presented in the table were calculated from the average value from three sample

3.2 DMS Characteristics

The ratio of SCOD/TCOD ranged from 0.07 to 0.11. In previous work of Astals [25], three
different municipal mixed sewage sludge were having SCOD/TCOD equals to 0.07.
SCOD/TCOD value which is low as 0.04 was also observed from municipal mixed sewage
sludge [27]. Proteins are higher in DMS than carbohydrates. The similar observation was
observed when the municipal mixed sewage sludge and municipal secondary sewage sludge
were studied [10, 21]. However, this organic compounds existed in the form of particulate
as shown by the low value of soluble to particulate ratios.

Table 2. Soluble to total ratio of measured organic compounds in untreated DMS

Parameters Sampling date
27/7/15 1/9/15
SCOD / TCOD 0.11 0.07
SProteins / TProteins 0.03 0.02
SCarbohydrates / TCarbohydrates 0.05 0.01

The data presented in the table were calculated from the average value from three samples

3.3 Pre-thermally treated DMS Characteristics

Thermal treatment on DMS was performed for two different temperatures and several
treatments period. An overview of the results is shown in Table 3. The thermal treatment
released the monitored component to the water phase as indicated by the improved soluble
to the total ratio as compared to the ratio from raw DMS at each sampling. The soluble
COD was higher at 90°C compared to 70°C, which is almost twofold, although the
treatment period was 20 min. Generally, the soluble COD and soluble carbohydrate were
greater at the longer treatment time regardless the temperature. However, the highest values
were observed at pre-treatment of 90°C.

Applying Equation (1) to appropriate data (data not presented), the COD, proteins, and
carbohydrates solubilisation were calculated as shown in Table 4. Fig. 1 showed the
graphical illustration of organics solubilisation affected by the low thermal pre-treatment.
At both temperatures (70°C and 90°C), the solubilisation of COD and complex organics
compounds were observed at each temperature. The gradually increased solubilisation was
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consistently observed for proteins at both pre-treatment conditions. Meanwhile, the
carbohydrate solubilisation fluctuated at pre-treatment of 70°C. The remarkable changes of
carbohydrate solubilisation were observed at pre-treatment at 90°C compared to thermal
treatment at 70°C. The Amadori compounds or melanoidin as a result of the reactions of
soluble carbohydrate with themselves or soluble protein was not observed in this study due
to the pre-thermally DMS supernatant remained transparent and did not turn brown after
treatment to form the Amadori compounds or melanoidins is not observed.

Table 3. Organic characteristics of pre-thermally treated DMS

Sampling date: 27/7/15 Sampling date: 1/9/15
Parameters DMS DMS DMS DMS DMS DMS
7020 7040 7060 9020 9040 9060
Total COD, 9.61 + 8.83 = 735+ | 1630+ | 2060+ | 17.78=
TCOD (g/L) 0.05 0.11 0.00 0.07 0.00 0.10
Soluble COD, 1.95+ 1.84+ 157+ 332+ 3.48 + 3.69 +
SCOD (g/L) 0.07 0.00 0.00 0.01 0.01 0.00
SCOD / TCOD 0.20 0.21 0.21 0.20 0.17 0.21
%;tr"‘ltpiﬁ’tems’ 3850.33 | 3138.33 | 2625.00 | 2532.50 | 3007.00 | 2257.33
oteins £124.03 | £4579 | £91.02 | +1.73 | +38.16 | +£33.39
(mg /L)
g‘;lr‘(l)‘t’éfnp“’tems 46780+ | 54897+ | 545.65+ | 457.63 | 50052= | 556.48+
2.13 6.32 6.03 +2.91 0.06 2.95
(mg /L)
SProteins / TProteins 0.12 0.17 0.21 0.18 0.17 0.25
%‘g:rlb%ir%‘;ggat“’ 28183+ | 27117+ | 48.67+ | 780.50+ | 1246.00 | 917.00 +
Y 6.53 6.81 0.29 7.81 +23.26 3.28
(mg /L)
g‘élut;ehcibfhydratesﬁ 862+ | 3875+ | 23.00+ | 12565+ | 128.02+ | 13657+
arbonydrates, 0.41 0.33 0.33 3.96 0.56 2.24
(mg /L)
SCarbohydrates /
TCarbohydratos 0.03 0.14 0.47 0.16 0.10 0.15

1) DMS 7020 is referring to the domestic mixed sewage sludge treated at 70°C for 20 minutes. Using this description all the
sample were labeled accordingly.

2) DMS 9020 is referring to the domestic mixed sewage sludge treated at 90°C for 20 minutes. Using this description all the
sample were labeled accordingly.

3)9.61 + 0.05 = average + stdev.

4) The coefficient of variation (CV) for each data is less than 5%. (CV < 5%)

At treatment time of 60 min at 90°C, protein solubilisation has exceeded 14%. Meanwhile
at similar treatment time at 70°C, protein solubilisation reduced almost 5%. The COD
solubilisation seem to be low at the temperature of 70°C even after the treatment time
increased to 60 min. This was not observed for COD solubilisation of thermal treatment at
90°C. On contrary, the COD solubilisation increased gradually over the treatment time.
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Table 4. Organics solubilisation
Sampling Date 2717115 1/9/15
Samole ID DMS DMS DMS DMS DMS DSS
P 7020 7040 7060 9020 9040 9060
258 oD 890 | 777 | so01 | 755 | 826 | 918
55
Sk Carbohydrates |, o5 | 437 0.61 8.75 8.94 9.62
B .
A Proteins 8.40 10.34 10.26 12.49 13.80 15.52

1) DMS 7020 is referring to the domestic mixed sewage sludge treated at 70°C for 20 minutes. Using this description all the sample
were labeled accordingly.

2) DMS 9020 is referring to the domestic mixed sewage sludge treated at 90°C for 20 minutes. Using this description all the sample
were labeled accordingly.

3) All date presented in the table are calculated using average data.

4) The solubilisation in negative is showing that the soluble concentration of monitored parameter is less than what was observed
from the non-treated sample.

Sampling Day : 27/7/2015 Sampling Day : 1/9/2015
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Fig. 1. Solubilisation Changes due to low thermal pre-treatment a) 70°C and b) 90°C

4 Conclusions

The present paper studied the characteristics of AnDS and DMS originated from full-scale
anaerobic digester treating domestic mixed sewage sludge. It was seen that the AnDS also
contained carbohydrates and protein, less than what was observed in DMS. Generally, the
treatment operations and conditions would influence the characteristics of DMS and AnDS.
The paper also presented the studies of the application of low temperatures (70°C and 90°C)
as a pre-treatment method, to improve the hydrolysis prior to anaerobic digestion of
domestic mixed sewage sludge. Generally, the organic solubilisation was observed after 20
min treatment time at each temperature except for carbohydrate. However, the organic
compounds are solubilised efficiently during thermal pre-treatment at 90°C. As for thermal
treatment at 90°C, more soluble organic compounds released at the higher treatment time.
This finding suggested that the thermal pre-treatment at low temperature able to improve
the organic solubilisation. However, in future work, pre-thermally treated DMS (with
improved organic solubilisation) will acted as a substrate for anaerobic digestion, in which
the energy recovery will be estimated.
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