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Abstract:
JFE Engineering developed “acid fermentation pro-

cess for sewage sludge” on commission from Japan Sci-
ence and Technology Agency. This technology aims to 
decompose sewage sludge and recorver high levels of 
organic acid from sewage sludge, using anaerobic bac-
teria, alkalis, and ultrasonic treatment. The authors 
report here the scheme of this process and the results 
showing an average solid decomposition rate of 50.8% 
secured by using a pilot scale plant of 2.5 m3/d, under 
the condition of fermentation tank at 30–35°C and reten-
tion time in the fermentation tank of 2 days.

1. Introduction

Japan generates approximately 2 million tons of sew-
age sludge each year (by conversion to dry weight). As 
the sewerage diffusion rate has increased, the amount 
of sludge has also tended to increase. Sludge reduction/
recycling treatment is performed by anaerobic digestion, 
incineration, sludge utilization for construction material, 
etc. However, because the construction cost, operation 
and maintenance cost, and operational cost of treatment 
facilities are large and landfi ll sites for sludge are also 
inadequate, technologies for reducing the generation 
of sludge and effective utilization of sludge have been 
demanded.

The sludge generated by sewage treatment systems 



JFE TECHNICAL REPORT No. 8 (Oct. 2006) 31

Acid Fermentation Process for Sewage Sludge as Sludge Recycling Technology



32 JFE TECHNICAL REPORT No. 8 (Oct. 2006)

Acid Fermentation Process for Sewage Sludge as Sludge Recycling Technology

in Table 1.

3.2 Analytical Method

During the period of the experiment, the properties 
of the input sludge and treated sludge were analyzed at 
set intervals. For comparison purposes, digested sludge 
from an actual facility was sampled and its properties 
were analyzed in the same manner. The analysis of the 
solid component was performed in accordance with 
standard method3); volatile fatty acids were analyzed 
with an ion chromatograph (model DX-120, manufac-
tured by Dionex Corp.), and analysis of the separation 
column was performed using an IonPac ICE-AS1 (same 
company). In this paper, the volatile fatty acids were 
considered to be organic acids, and the mass sum of 
formic acid, acetic acid, propionic acid, butyric acid, and 
valeric acid was defi ned as VFA (volatile fatty acid). 

3.3 Sludge Volume Reduction Effect

Changes over time (day) in the SS concentration 
and SS reduction rate of the input sludge and treated 
sludge are shown in Fig. 3. The average composition 
of the input sludge, acid fermentation-treated sludge, 
and digested sludge from an actual facility are shown in 
Table 2. Here, digested sludge from an actual facility 
means digested sludge from the Hokubu Sludge Treat-
ment Center. This sludge was generated when anaero-
bic digestion of input sludge is performed at a planned 
digestion temperature of 35°C for a planned digestion 
time of 30 days4).

Although the SS concentration of the input sludge 
fl uctuates greatly, the SS concentration of the treated 
sludge was reduced stably. After achieving a steady 
condition in the tank, changes in the SS concentration 
similar to fl uctuations in the input sludge properties 
could be seen; however, following the 20th day from 
the start of the experiment, which was considered to be 
the steady period, the average SS reduction rate over 
a 15-day period was 50.8%. As shown in Table 2, the 

average SS concentration in the acid-fermented sludge 
during the steady period was 20 500 mg/l, which is vir-
tually the same value as the average SS concentration 
of 21 100 mg/l in the digested sludge. The SS reduction 
rate at the actual facility was 49.8% at this time. This 
value is on the same order as the SS reduction rates 
obtained at conventional-type digestion facilities. It may 
be noted that, at conventional-type digestion facilities, 
the reduced SS is converted to a biogas with CH4 as its 
main component, but with this system, SS is converted 
to soluble organic matter consisting mainly of VFA.

3.4 Condition of VFA Formation 

Changes in the VFA concentration and pH of the 
treated sludge are shown in Fig. 4. Based on the data 
presented in Table 2, the changes in input sludge com-
position in cases where this system and a conventional 
digestion process were applied are shown in Fig. 5. The 
biogas in Fig. 5 shows the results of a calculation assum-
ing that 100% of the reduced sludge is converted to bio-
gas. 

As can be seen in Fig. 4, the rate of VFA formation 
did not follow the amount of alkali addition in the initial 
stage of the experiment, and the pH of the sludge was 
approximately 8. However, pH decreased as VFA forma-
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rate of 50.8% was obtained with a retention time of 2 
days in the acid fermentation tank. This value is virtu-
ally the same as the SS reduction rate obtained at con-
ventional-type digestion facilities. Here, the reduced SS 
component is organic matter which should essentially be 


