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SUMMARY  

Sewage sludge is an important feedstock of biogas production. That developing the 
high performance processes is significant in order to promote energy efficiency and 
reduce the cost of sewage sludge treatment. Generally, the disposal cost of sewage 
sludge is becoming a major problem, representing up to 50 % of the whole cost for 
operating municipal wastewater treatment plant. Among different routes of sewage 
sludge disposal, anaerobic digestion has a relatively important position. This paper 
mainly lists three different methods improving the conventional digestion.  

Two-phase anaerobic digestion produces biosolids that meet the Class A quality, de-
creasing the cost of hauling and transporting waste solids. Extended solids retention 
time is an approach to separate the hydraulic retention time and solids retention time 
in anaerobic digester by using recycles thickening. In this paper, anoxic gas flotation 
and solid accumulating flotation separators will be introduced. This method could 
benefit further decomposing the organics and increase methane formation. Dewatera-
bility is the final step of anaerobic digestion process. Digested sludge is more difficult 
to dewater than primary sludge because of microbial extracellular polymer (ECP). En-
hancing this part of process is an efficient way to increase the solid content of sludge 
that would reduce the transportation costs. 
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SUMMARY  IN SWED ISH  

Avloppslam är en viktig råvara för biogasproduktion. Därför är utveckling av 
högpresterande processer som syftar till att främja verkningsgraden och minska 
energiförbrukning nödvändiga. I kommunala avloppsreningsprocesser har 
omhändertagande av avloppslam blivit ett viktigt problemet som står för 50 % av 
kostnaden för kommunala reningsverk. Även om det finns olika sätt att omhänderta 
avloppsslam har rötning fortfarande viktig position. Detta examensarbete listar tre 
olika typer av metoder för att förbättra den konventionella rötningen.  

Vid två-fas rötning produceras en slamfas som uppfyller klass A kvalitet, vilket 
minskar kostnaden för att transportera och transport fasta avfall. Extented Solids 
Retention process är sätt att separera den hydrauliska och uppehållstiden för slammet 
vid anaeroba rötkammare med hjälp återvinna förtjockningsmedel. I examensarbete 
beskrivs syrefri gasflotation och flotation med fast accumulating separator. Denna 
metod är bra på att ytterligare bryta ned organiskt material och öka 
metangasbildningen. Avvattning är det sista steget i rötningsprocessen. Rötslam är 
svårare att avvattna än primärslammet på grund av mikrobiell bildning av extracellulärt 
polymer (ECP). Att förbättra denna delen av processen är ett effektivt sätt att öka den 
fasta innehållet i slam och därigenom minska slamvolymen vilket minskar kostnaderna 
för transporter. 
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ABSTR ACT  

Sewage sludge is widely used as an important source for biogas produc-
tion through digestion. Developing the high performance processes has 
a significant goal in order to promote energy efficiency and reduce the 
cost sewage sludge treatment. The problem of sewage sludge disposal is 
becoming top one which almost cost 50 % of running fee for a munici-
pal wastewater treatment plant. 

This paper basically introduces three methods to improve the conven-
tional digestion. However, they enhance the conventional digestion from 
different aspects. For examples, Two-phase anaerobic digestion enables 
to exhibit the merit of thermophilic anaerobic digestion and avoid the 
weak points of conventional digestion regarding odor problem. In two-
phase anaerobic digestion, the acid and methane producing stages are 
separated. Extended solids retention time is an approach to separate the 
hydraulic retention time and solids retention time in an anaerobic di-
gester by using recycle thickening. This method could benefit further de-
composing the organics and increase methane formation. Dewaterability 
is the final step of anaerobic digestion process. Enhancing this part of 
process is an efficient way to increase the solid content of sludge that 
would reduce the transportation costs.  

In a nutshell, no matter on saving cost or energy perspectives, these 
three methods all promote biogas production efficiency up to a better 
performance, but various requirement of energy and cost are demanded. 
The paper displays and compares the advantages and disadvantages 
among three methods. There is no certain answer to which method is 
the best one; however, they can be chose to enhance digestion in differ-
ent condition. 

Key words: Biogas production; Sewage sludge; Two-phase anaerobic digestion; 
Extended solids retention time; Dewatering. 

INTRODU CT ION AND BA CKG ROUND  

As the environmental problems rise up, reducing consumption of fossil 
fuel is taken on agenda for human activities. One of the most important 
substitutions is biogas which is a renewable and clean gas biofuel. It 
comes from an anaerobic digestion process, which organic materials are 
degraded by microorganisms without oxygen exits. The feedstock of 
producing biogas contains plenty of organic materials, such as sewage 
sludge, municipal waste, and energy crops. Biogas is a kind of mixed gas, 
which comprises CH4, CO2, H2S and H2O. Methane as a dominant part 
occupies 50-75 %. Typical properties of biogas are listed in Table 1 
(Zhang, 2010). The emission of CO2 is 0.04kg when biogas combusts for 
one mega joule, which is only 1/3 of coal’s. The biogas produced by an-
aerobic digestion process in municipal waste water treatment plant usu-
ally consists of 45% to 64.8% methane. The thermal capacity is 4500-
6000 kcal/Nm3, which beyond the value of coal gas. 

 

 

 

 

 

   

http://en.wikipedia.org/wiki/Sewage
http://en.wikipedia.org/wiki/Municipal_waste
http://en.wikipedia.org/wiki/Energy_crop
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Table 1 Typical properties of biogas 

 

Depends on the different characteristics of sewage sludge, the general 
treatment processes are screening, grit removal, thickening, stabilization, 
dewatering, drying, and disinfection of sewage solids. Sewage stabiliza-
tion is the critical process, and anaerobic digestion can be used to 
achieve the goal. In term of power and energy, anaerobic digestion trans-
forms volatile solids into methane that is a kind of bioenergy conversion 
process (Parry, 2004). Although different techniques can be used to treat 
sewage sludge, anaerobic digestion still plays a more important role. An-
aerobic digestion is able to reduce the amount of sludge solids and fur-
ther transform organic matter into biogas (60-70 vol % of methane, 
CH4). Besides that, thermophilic anaerobic digestion also can avoid 
odour problems associated with residual putrescible by destroying most 
of the pathogens present in the sludge (Lise et al., 2008). Therefore, de-
veloping a high performance (advanced) anaerobic digestion at a waste-
water treatment plant needs consideration. 

There are several positive reasons for producing biogas by anaerobic di-
gestion. First of all, the structure of operation unit is simple and cost less 
space, which efficiently decreases cost of construction. Secondly, its low 
operation fee than aerobic digestion. If add the value of biogas produced 
during the process, the cost will reduce lower. Thirdly, it is friendly to 
environment, such as no noise or odour problems. The last one is that 
less exceeded sludge left.  

Impact factors of anaerobic digestion for sewage sludge: 

1. Temperature. It is an effective factor for digestion rate and the 
amount of biogas produced. Generally, the conventional digestion 
is usually mesophilic digestion, because the more energy is needed 
when heat sludge up to higher temperature. And additional heat loss 
will increase by the difference temperature between digestion reac-
tor and atmosphere. 

2. pH. The bacteria in each anaerobic digestion steps have different 
suitable pH range for living. 

3. Stir. The aim of stir is to make the mixture to be homogeneous. 
Under this condition, the temperature of mixture will keep well-
distributed as well as the contact between mixture and bacteria. 

4. C/N. The nutrition in digestion comes from adding sludge. C/N is 
the most important one among the proportions of nutrition. If 
C/N too high, nitrogen for bacteria is not enough and the buffer 
capacity of digestion liquid goes down. Oppositely, when the C/N 
gets lower, the content of nitrogen becomes higher, and thereby or-

Compound 50-75 % CH4, 20-50 % CO2, traces of other gases 

Energy capacity 4.5-6.0kWm-3 

Lgnition temperature 650-750℃ 

Explosion limit 6-12 % biogas in air 

Fuel equivalent 0.6-0.65L oil/m3 biogas 

Critical pressure 75-89 bar 

Critical temperature -82.5 ℃ 

Normal density 1.2 kg/m3  

Odour Bad eggs(the smell of H2S) 
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ganic material will be restrained from anaerobic digestion.  The op-
timal rate between carbon and nitrogen is from 10:1 to 20:1. 

5. Rate of adding sludge. It means the volume ratio between the added 
fresh sludge and those are already in digestion reactor. The oppor-
tune range for the rate is from 5% to 12%. 

6. Toxic materials. They are including heavy metals and surfactants, 
such as Na+, Ca2+, K+ , Mg2+, NH4+ and NO3-, SO42-. These materi-
als can reduce the activities of methanogens. 

These six elements affect anaerobic digestion. Besides that, the perform-
ance can be enhanced by improving technique process, decreasing occu-
pied space and reducing operating cost. 

Objectives of high performance anaerobic digestion: 

 Greater bioenergy conversion 

 Improved biosolids quality 

 Energy conservation 

 Increased digester capacity 

 Enhanced operating characteristics 

 Faster return on investment 

 Reduce solids mass 

The following high performance processes are discussed in the paper: 

 Two-phase anaerobic digestion 

 Extended solids retention digestion 

 Dewatering 

There are other processes that can change conventional anaerobic diges-
tion into high performance anaerobic digestion and which are not in-
cluded in the essay. Those processes include: 

 Operating at a thermophilic temperature 

 Enzyme or catalyst enhancements 

 Optimizing the components of conventional mesophilic digestion 

TWO- PH ASE ANA ERO BIC D IGE ST ION  

Comparing with the conventional mesophilic anaerobic digestion which 
is the most prevalence technique for treating solids sludge, two-phase 
anaerobic digestion covers its shortage that cannot meet Class A bioso-
lids requirements. Indeed, the thermophilic anaerobic is demonstrated as 
an effective approach to fulfill the demand of Class A biosolids stan-
dards. Additionally, the two- phase thermophilic/ mesophilic anaerobic 
digestion is also proved as an adequate option for producing Class A 
biosolids by reaserches (Rubio-Loza & Noyola, 2009). 

Biosolids Quality 

Class A: Either the density of fecal coliform in the biosolids should be 
no more than 1,000 most probable numbers (MPN) per gram total solids 
(dry-weight basis), or the density of Salmonella sp. bacteria in the bioso-
lids should be no more than 3 MPN per 4 gram of the total solids (dry 
weight basis). 
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Anaerobic digestion 

There are four steps are contained in anaerobic digestion (AD) process, 
which are hydrolysis, acidogenesis, acetogenesis and methanogenesis 
(Fig.1). Among these four steps, hydrolysis has always been considered 
as the rate-limiting step (Lise et al., 2008). 

Lise Appels et al. (2008) state that during the hydrolysis step, insoluble 
organic material and high molecular weight compounds transform into 
soluble matters and smaller molecular weight organic material. For ex-
ample, it could degrade polysaccharides, lipids, nucleic acids and proteins 
into amino acids and fatty acids. The following process is called acidoge-
nesis. In this process, acid-producing bacteria further split the compo-
nents which are formed in hydrolysis step. During the same time, several 
substances are obtained, such as volatile fatty acid, ammonia (NH3), car-
bon dioxide (CO2), sulfureted hydrogen (H2S) and other byproducts. 

Acetogenesis is the third stage of anaerobic digestion, which is like the 
acidogenesis. In this step, the alcohols and higher organic acids which 
are derived by last step break down to principally acetic acid, and CO2 
and H2 by acetogens as well. To a great extent, this transformation is 
dominated by the partial pressure of H2 in the mixture. 

In the final stage of AD, methane is produced by two groups of metha-
nogenic bacteria: in the first group, acetate is split into methane and car-
bon dioxide and in the second group; hydrogen is used as electron donor 
and carbon dioxide as acceptor to produce methane (Lise et al., 2008). 

Fig.1 Subsequent steps in the anaerobic digestion process (Lise 
et al , 2008) 
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     Description of two-phase anaerobic digestion 

Figure 2 indicates the schema of thermophilic/mesophilic anaerobic di-
gestion. The thermophilic/mesophilic anaerobic digestion eliminates the 
problem of odor in themophilic digestion and demonstrates the 
strengths of themophilic anaerobic digestion during this process. The 
anaerobic digestion consists of two phases. And this two-phase digestion 
divides the conventional process of digestion into two stages. They are 
the stage of acid production and the stage of methane production.  That 
is to say, two tanks replace the traditional digestion reactor. One is for 
producing the acid and the other is for methane. During the whole 
process, pathogens are disposed of below the detectable limits. Thereby, 
the bilsolids arrives at the Class A level and are land-applied with no re-
striction in the light of EPA regulations. 

 The suitable pH range of fermentative microorganisms is wider than 
methanogenic bacteria, which from 4.0 to 8.5 (Hwang et al., 2004). Acetic 
and butyric acid are mainly produced when the pH is low. Acetic and 
propionic acid are produced when the pH is around 8.0. The active range 
for methanogenic bacteria is from 6.5 to 7.2, which extremely sensitive 
(Boe, 2006). Based on this condition, it is better to add a pH meter be-
tween two digestion tanks and prepare for a suitable approach to control 
the pH of digestion environment for the second digestion reactor. 

The pH is reduced by volatile fatty acids (VFAs) produced in AD 
process. Normally, this reduction can be measured by the activity of the 
methanogenic bacteria. Simultaneously, the methanogenic bacteria can 
also produces carbon dioxide, ammonia and bicarbonate which are alka-
linity. The CO2 concentration in the gas phase and the HCO3- alkalinity 
of the liquid phase both play roles on the system pH controlling. If the 
HCO3- concentration in the liquid phase keeps constant, the fluctuation 
of system pH will depend on changes of CO2 concentration (Lise et al., 
2008). 

Fig.2 Thermophilic/mesophilic anaerobic digestion (Parry, 2004) 
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The ODI 2PADTM System from Infilco Degremont, Inc. is demonstrat-
ed in the Figure 3 in the following. When raw sludge goes through a heat 
exchanger of sludge/water, it is heated. It then enters a thermophilic di-

gester and stays for two days. The temperature is kept at 55℃ and a ma-
jority of pathogen is destructed during this process. When the discharge 
of sludge passes through the sludge/sludge heat exchanger, it is cooled; 
in the meanwhile, the heat is recovered by the heat exchanger and the 
raw sludge is heated partially as well. The sludge which has been cooled 
down is then pumped into a mesophilic digester for ten days and the 

temperature maintains at  37 ℃. The volatile solids are destroyed in the 
digester as well. Gas is produced in this reactor. When all the process 
ends, the biosolids will obtain the quality of Class A Biosolids. And it can, 
without any restrictions, be land-applied. 

Advantages of two-phase anaerobic digestion 

 Biosolids are bio-safe and can be disposed in land without restrictions 
when they meet Class A biosolids quality. 

 This process greatly decreases total hydraulic retention time. It means 
the volume of digester and associated costs are both reduced. 

Fig.3 ODI 2PADTM System 

Fig.4 Extended solids retention digestion (Parry, 2004) 
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 It separates the acid and methane forming phase in order to make both 
phases more efficient and effective. 

 Nocardia bacteria is typical reason of foaming, however, during the 
thermophilic step of two-phase anaerobic digestion process they are de-
stroyed. It means the foaming problem is virtually eliminated.  

Disadvantages of two-phase anaerobic digestion 

 It requires being maintained at a short-detention time in acid phase 
reactor. 

 The gases emitted in acid phase need to be treated separately. Because 
this kind of gases have low concentration of CH4 and potentially high 
concentration of SO2 (Parry, 2004). 

EXTENDE D SOL IDS R ETENT ION D IGEST ION  

In the conventional digestion process, the solids retention time (SRT) 
equals to hydraulic retention time (HRT). The hydraulic retention time 
determines the volume of the digestion tank, while the solids retention 
time determines how much solids convert into gas. When we make SRT 
longer than HRT, the volume of reactor will decrease, but the amount of 
gas production will increase. A long SRT is beneficial for methanogene-
sis bacteria, which are slower growing than hydrolysis and acedogensis 
bacteria. 

The extended solids retention (ESR) process separates water from the 
digested biosolids by using thickening equipment (Fig. 4). The thickened 
digested biosolids are returned back into the digester and blended with 
the incoming raw solids. The process allows for a longer solids residence 
time when compared to the hydraulic residence time since the solids are 
separated from the liquid and returned into the digester. The organics are 
further decomposed and methane formation is increased via returned ac-
tive bacteria in the digester. Additionally, during thickening process more 
complete digestion is achieved via elutriating the inhibitory metabolic 
byproducts (Parry, 2004). 

In this paper, two methods for anaerobic digestion processes with ex-
tended solids retention time will be introduced; anaerobic contact proc-
ess and anaerobic pasteurization process. 

Fig.5 Anaerobic Contact Digestion Process Schematic 
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In the anaerobic contact digestion processed designed by EE&E Co 
(Fig. 5), solids are concentrated by an anoxic gas flotation separator. 
About 20 % of the separated solids are taken out as waste solids and the 
rest is returned to anaerobic digestion in order to enhance the degrada-
tion of influent sewage. 

Afterwards, in the separator of anoxic gas flotation, the microorganisms 
and VFA are segregated from the inert organic and inorganic.  The for-
mer is returned to anaerobic digestion in order to enhance the degrada-
tion of influent sewage sludge and the latter is returned to the secondary 
plant.  

During the AGF process, biogas is used to separate the bacteria and re-
cycle them to the digester. In an AGF digester, the majority of microor-
ganisms are concentrated considerably. The SRT is extended to three 
times which compared with that previously. That is to say, the volume of 
digestion reactor, heating and blending energy can be decreased to one 
third of that in a conventional anaerobic digester. It is during this proc-
ess that energy savings and capital cost reductions are realized funda-
mentally. 

The following (Fig. 6) is equipped with a pasteurization tank and a re-
digestion tank while the schema in the first process is not. Different 
from sterilization, pasteurization is a process which includes heating 
foods, often liquid ones, to a particular temperature for certain period of 
time and cooling it instantly. In this process, the microbial growth in 
foods is slowed down, whose purpose is to decrease the number of vi-
able pathogens that it is unlikely to cause disease. The technique of pas-
teurization is adopted to treat digested sludge for the reduction of the 
pathogens and viruses. 

In the AGF process, the waste solids are reduced into low volume. And 
a mere 20% of the influent flow needs heating to the pasteurization tem-
peratures. And it is more economical if the pasteurization reactor is a 
smaller one. Simultaneously, sufficient heat is provided in the pasteuriza-
tion process for the second digester influent. Therefore, additional heat 
energy is not necessary. 

Through recycling and digestion of pasteurized solid, the volatile solids 
reduction can be additionally increased by 5% to 10%, which gives a to-
tal solids reduction of 70% to 85%. 

Fig.6 Anaerobic Pasteurization Process Schematic  
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Anoxic Gas Flotation 

Anoxic gas flotation (AGF) can improve performance of conventional 
anaerobic digestion by using gases without oxygen to float, concentrated 
and return microorganisms, volatile fatty acid, inert organism and inor-
ganic to anaerobic digestion for converting soluble and gaseous products 
completely. In the context, biogas is produced therefore there is no ne-
cessary to involve other types of gas without oxygen for floating, which 
is an approach to saving cost. 

Besides that, more important is that AGF process can increase the solids 
retention time (SRT), while without increasing hydraulic retention time 
(HRT), namely, the ration of SRT/HRT is increased. More completely 
digestion is obtained, because volatile solid destruction directly depends 
on the extent of SRT (Burke, 1997). 

There is no requirement for polymers when using anoxic gas flotation, 
which offers a lower operation cost than other separated techniques. 
Additionally, as the nature of anaerobic bacteria is considered to be fra-
gile, however, AGF can protect anaerobic bacteria and bacterial commu-
nity from disruption. Both of benefits stated above are AGF unique ones.  

AGF separator description 

The flotation is to dissolve anoxic gas in the liquid effluent with a satura-
tor or a saturator pump. When the dissolve gas released, they will be 
contact with digested solids. During this process, solid particles will be 
attached by gas bubbles and transfer to the surface of the reactor where 
the thickening occurs. Finally, the concentrated solids will be skimmed 
off by mechanism. 

There lists two types of AGF separator, one is mechanical distribution 
(Fig. 7) and the other is hydraulic IGF units (Fig. 8). Their principles of 
injecting biogas are not the same. Mechanical distribution uses draft tube 
and rotation impeller to inject biogas into separator, while hydraulic IGF 
units use eductors to discharge biogas into reactor cell. Depending on 

Fig.7 Mechanical Induce Gas Flotation 
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the differences between these two units, the mechanical distribution se-
parator has smaller biogas bubbles than generated by hydraulic IGF units 
and less retention time which is between 4 to 8 minutes. 

Quadricell® Induced Gas Flotation Separators 

It illustrates a product in real market. This product is made by Siemens 
(Fig.9). Quadircell® separator belongs to the type of mechanical distri-
bution separator which is mentioned above. It can treat solids and oils 
from 50 ppm to hundreds ppm, with generating outflow less than 5 ppm. 

Fig.8 Hydraulic Induce Gas Flotation  

Fig.9 The Quadircell® separator  
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Advantages of AGF 

 The volume of anaerobic digestion reactor becomes to be 1/2 to 1/4 
of conventional one. 

 Less chemical utilization are required for keeping alkalinity. 

 The volume of waste solids is reduced which saves cost for dewater-
ing and hauling. 

 More solids destruction is achieved via increasing SRT. 

 More biogas production. 

Disadvantages of AGF 

 It needs another thickening process. 

 Additional thickening equipment requires space, thus reducing the 
space which is saved from decreasing volume of anaerobic digestion 
tank. 

 Become more complex than previously. 

 Additional thickening equipment increases cost on adding and oper-
ating. 

 It is necessary to do more researches for comprehending the dynamic 
recycling of viable microorganisms in anaerobic digesters (Parry, 
2004). 

Solids Accumulating Flotation Separators 

This separator is a product from Environmental Energy & Engineering 
Company (Fig.10). It introduces the solids accumulating flotation separa-
tor (SAFS) which is totally enclosed non-mechanical units and neither 
collection devices nor chain drives are used. Consequently, all air or gas-
es are discharged to the anaerobic digester or a biofilter to eliminate odor 
and discharge any noxious gases to the environment, that makes the sys-
tem insulate and stand alone in an exterior environment 

The surface loading rates of SAFS solids are 4 to 5 times larger than that 
of the conventional separators (200 pounds per square foot per day as 

Fig.10 Flow chart of SAFS 
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compared to conventional values of 35 pounds per square foot per day). 
Thus, the surface area of the separator is 5 to 6 times less than conven-
tional flotation separators. When the solids are concentrated to 6, 8, or 
10%, an effluent of high quality is produced. 

The SAFS system is composed of inflow, outflow pump and a gas satu-
rator pump. And in the reactor, solids are accumulated in the flotation 
cycle. And the flotation cycle will stop when the tank is filled with solids. 
And the solids will also be returned to the digester. When solid transfer 
is completed, the tank will be filled with effluent partially.  And the cycle 
of flotation will begin once again. 

DEW ATER ING  

It is an essential process to dewater the waste sludge before disposal for 
both reducing the total volume of waster and assisting in the process of 
hauling. For example, some kinds of excess activated sludge come from 
municipal wastewater plant contains about 80% water, if the water can be 
separated by dewatering process that means the cost of hauling will be-
come to be 20% as previous.  

The municipal wastewater plant which use biological treatment always 
produces great amount of excess activated or anaerobic digested sludge. 
In order to save hauling cost, the dewatering process is generally imple-
mented at the same treatment site (Daan et al., 2009). Nevertheless, acti-
vated and anaerobic digested sludge are considered more difficult to de-
water than raw sludge and often express non-traditional filtration 
behavior (Sticklan et al., 2005). 

Dewaterability  

According to many studies there are four types of water bond to sewage 
sludge particles; (a) free, (b) interstitial, (c) vicinal and (d) chemically 
bound  water  (Vesilind, 1994). The water between particles, existing in 
the floc structure and cells, is free water. When the pressure works on 

Fig.11 Dewaterability of digested sludge and raw sludge 

(Houghton & Stephenson , 2000) 
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solid sludge, free water can be drained out off solids sludge. More pres-
sure used and more water will be isolated. Finally, most of this kind of 
water spills out. But it is hard to remove the vicinal water held near sur-
face. And there is a great amount of surface in sludge; especially the 
waste-activated sludge and the sludge have a huge amount of vicinal wa-
ter. It is not very easy to remove this water except by drying. Therefore 
the most effective way for removing chemically water is high tempera-
tures (Novak, 2006). 

The total mass of waste sludge which requires disposal can be reduced 
by anaerobic digestion. However, the anaerobic digested sludge is gener-
ally considered as difficult to dewater. And it has been shown previously 
that microbial extracellular polymer (ECP) can influence sludge dewate-
rability. ECP is a sort of production that generated by bacteria during 
sewage treatment process, that always exists on bacterial cell wall of sus-
pends in liquid. Besides that, ECP has a special function that protects 
bacterial cell from desiccation. This function decides the characteristic of 
ECP is hydrated extremely, which almost contains 98% water (Hough-
ton, et al., 2000).  

It is also stated that in Houghton et al. (2000) that anaerobic digestion is 
able to deteriorate sludge dewaterability and change ECP composition 
and quality. It demonstrates that anaerobic digestion sludge has 25% 
quality lower ECP than the average of raw sludge. Although the quality 
of ECP is lower but dewaterability of anaerobic sludge does not increase. 
It is probably due to the process of anaerobic digestion also change the 
ECP composition, therefore, the dewaterability gets worse instead. In 
fact, there are indeed more protein in ECP is generated by carbohydrate 
change during anaerobic digestion process. It is the reason that dewate-
rability increasing has no direct relationship with quality of ECP decreas-
ing. Both composition and quality of ECP play roles on dewaterablity of 
digested sludge. 

Belt filter press 

The belt filter press is much prevalent dewatering technique because it is 
available in small sizes and uses polymer for chemical flocculation of the 
sludge (Fig.12). Additionally, it has a lower cost and less expense to op-
erate. 

Process Description 

The components of equipment are two belts forming a closed loop 
around a series of metal rollers. As shown in the Fig.13, these rollers 

Fig.12 Belt filter press 
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bring the belts closer and closer. When the sludge enters the unit and 
flows between the belts, the liquid can be pressed out of the sludge by 
compression forces. The belts are driven by a variable speed motor, 
which allows the belt speed to be adjusted. Both the belts and rollers are 
fixed on a stainless steel frame. A polymer mixing tank is mounted on a 
stainless steel frame. In addition, the dried sludge is discharged and the 
belts pass through a series of sprays for cleaning.  

In the zone of gravity drainage, gravity is main force to separate water 
from digested sludge. During this period, probably 50% of the water is 
removed from sludge. After that, the sludge flows into wedge zone, 
where space between two belts gets closer and closer and water is gradu-
ally compressed. Finally, the sludge cakes are formed in compression 
zone (Hammer, 2007). 

Performance of Belt Filter Unit 

Conditioning of sewage sludge means drain the water out off sewage 
sludge freely in order to promote yield of belt filter press process. In ad-
dition, the high solid content can be obtained by controlling other para-
meters, such as the belt speed and roller pressures. The dewatering unit 
operates three weeks per month is enough for a small wastewater treat-
ment plant (Saleh, 2004). 

The solid yield on the basis of dry weight which is expressed as in per-
cent can be measured as a standard to judge the performance of belt fil-
ter. The quality of the produced cake was assessed by its moisture con-
tent on the basis of wet weight which is shown as percentage. In his 
project, Saleh (2004) found that the yield on average is 13.26 con-
tent kg/m2/h. The designed rate is estimated to be 13.10 con-
tent kg/m2/h in terms of the kind of belt filter. And the data is depen-
dent on experimental output. Simultaneously, the cake solid produced is 
20-25 % on average. 

Centrifuge 

Besides belt filter press, centrifuge is the other unit widely used in dewa-
tering step. However, these two primary equipments have very different 
conditioning requirements. The details of centrifuge are discussed below. 

Fig.13 Solid bowl conveyor discharge centrifuge 
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Process Description 

Among all the types of centrifuge units, the prevalent one is solid bowl 
or decanter type in the sewage sludge treatment field. The structure and 
main parts are shown in Fig. 13. When it works, a cylindroconical rotor 
is drove by two electric motors and rotates between two bearing blocks. 
Besides that, there is a screw conveyor which drove by speed reducer 
and has mildly faster speed than the decantation bowl (Saleh, 2004). 

Performance of centrifuge unit 

The major parameters can be varied of the centrifuge unit are as follows: 
polymer type, polymer dose, rotational speed, centrifuge force, and cycle 
time (Al-Muzaini, 2002). 

During the testing program operated by Saleh (2004), the variables were 
operated systematically thus the unit can increase the percentage of solid 
content in dry solid cake as high as possible. Through the performance 
test period, centrifuge unit can concentrate 1.2 % solids into 19-20 % 
solid content at last. 

CONCLUS IO N  

Two-phase anaerobic digestion process produces Class A biosolids 
which are bio-safe and can be land applied without restrictions. Separat-
ing the acid and methane forming phase makes both phases more effi-
cient and reducing the total hydraulic retention time dramatically, which 
means that smaller digesters can be used and associated costs are lower. 

Through separator to recycle solids and extended solids retention time, 
the anaerobic contact digestion process increases the SRT by three times, 
so the digestion volume, mixing and heating energy can be reduced to 
one third of a conventional digester. Re-digestion of pasteurized solid in-
creases the total volatile solids reduction by an additional 5-10 %. An 
overall process volatile solids reduction of 70-85 % is achieved. Substan-
tial process energy savings and capital cost reductions are also achieved.  

Despite the digested sludge is hard for dewatering, the belt filter press 
produces an average cake solid of 20-25 %. The centrifuge unit also pro-
duces approximately 19-20 % solids content from a feed line containing 
0.005 mg/L solids or 1.2 % solids. 

The limitation in this paper is without any experimental work. Compared 
with conventional digestion process, this paper needs more powerful da-
ta to support how much rate this method could increase the final biogas 
production and decrease energy and cost. 
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