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 XINGCHEN LIN*1 KOUKI ENDOU*2 

   

   

 TOMOMICHI EGUSA*3 HIROHIKO KAIDA*4 

   

   

 NAOKI MATSUDERA*5 JINGBO HU*1 
 

  

 
  Mitsubishi Heavy Industries Environmental & Chemical Engineering Co., Ltd. (hereinafter,

MHIEC) is engaged in the development, design/manufacturing, installation and after-sales 
service/operation management of treatment facilities for waste such as municipal refuse and
sewage sludge. 

In recent years, the reduction of the volume of sludge has been required at both domestic and
overseas sewage treatment plants because the amount of discharged sludge has been increasing
and final landfill sites have become scarce. Therefore, an increased need for sludge dryers is
expected. In particular, in countries such as China and those in Southeast Asia, as socio-economic 
activities become advanced, the properties of sludge are becoming diversified, and sludge dryers
that can appropriately and stably dry even high-viscosity sludge, which is hard to dry, are needed. 

MHIEC developed a new sludge dryer adaptable to various sludge properties such as higher
viscosity. This article describes an overview of the sludge dryer and its operational states. 

  

  
|1. Introduction 

In recent years, the reduction of the volume of sludge has been required both domestically
and overseas, because the amount of discharged sludge has been increasing due to advancing
socio-economic activities and the fact that final landfill sites have become scarce. In particular, in
China, along with the promotion of the improvement of the wastewater infrastructure, the amount
of discharged sludge has been rapidly increasing and the scarcity of sludge landfill sites is a social
problem. In China, the regulations of the water content of sludge that can be disposed of in a
landfill have been tightened, and sewage sludge treatment has been incorporated in these
regulations as an important measure. In addition, it is expected that the demand for sludge dryers 
will grow for the purpose of not only reducing the volume of sludge, but also recycling sludge. In
various countries such as those in Southeast Asia as well as China, the properties of sludge have
become diversified due to advancing socio-economic activities, and the development of sludge
dryers that can appropriately and stably dry even high-viscosity sludge, which is hard to dry, was
necessary. 

MHIEC developed a new sludge dryer adaptable to various sludge properties such as higher
viscosity. This article describes an overview of the sludge dryer and its operational states. 
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|2. Details of development 
The details of the development of the sludge dryer adaptable to various sludge properties

such as higher viscosity are shown in Figure 1. 
First, the small-scale drying test (Small test machine: heat transfer area of 0.9m2) and the 

simulation analysis (powder and granule analysis using the Distinct Element Method (DEM)) were
conducted to determine the basic structure of the sludge dryer (disk shape/angle, distance between
disks, rotation direction, etc.). Next, the demonstration test and verification for high-viscosity 
sludge were conducted using the demonstration machine (MSD-20: nominal heat transfer area of
20m2) at the site in China. Based on the results, the basic structure was improved, the scale-up 
similarity, etc., was studied, and thus the actual machine (MSD-200: nominal heat transfer area of
200m2) was designed and manufactured. 

 

Figure 1  Details of the development of the high-viscosity sludge dryer 
 

|3. Basic structure/principle and technological features 
The appearance of the high-viscosity sludge dryer (MSD-200) developed by MHIEC is

presented in Figure 2. This sludge dryer dries dewatered sludge (water content of 80% or more) 
generated at sewage treatment plants until its water content becomes 30% or less by the indirect
heating method, and it can also dry even high-viscosity sludge that was conventionally hard to dry. 

The structure and technological features of this dryer are described below. 

 
Figure 2  Appearance of the sludge dryer (MSD-200) 
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(1) Indirect heating type 
Direct heating type dryers (such as hot air dryers, flash dryers and belt dryers) can treat

sludge with various properties with relative stability and in large amounts. But a large amount
of exhaust gas results in odors, and large-scale deodorizing equipment is necessary. In addition,
the heat source temperature is high, and the fuel consumption tends to increase. On the other
hand, indirect heating type dryers operate by indirect heat exchange using a heat medium (such
as steam), providing a high thermal efficiency and generating less exhaust gas (odorous gas).
Therefore, the running cost is lowered and the deodorizing equipment can be simplified. 

(2) Disk shape and rotation direction 
The disk of this sludge dryer has a high conveying performance for high-viscosity sludge 

and has an effect of scraping off the sludge adhered to the disk and casing. 
As can be seen in Table 1, the disk shape has an effect of cutting into sludge in the

rotation direction with its tip. Therefore, the resistance against high-viscosity sludge is reduced 
and the abrasion of the disk is lowered (biaxial or four-axis). 

     
Table 1  Basic structure and technological features of the sludge dryer 

No. Item Conventional technology Developed technology Principle/features 

1 Disk shape 

  

The disk tip cuts into 
(scrapes off) 
high-viscosity sludge in 
the rotation direction. 
 
Low resistance and low 
abrasion 

2 

Basic 
structure and 

rotation 
direction 

 
 

Rotation direction 

 
 

Rotation direction 

Basic structure (disk 
shape, distance 
between disks, distance 
between shafts, etc.) 
and rotation direction 
suitable for 
high-viscosity sludge 
 
Sludge is not retained 
between the 
disks/shafts, and 
clogging is reduced in 
even the treatment of 
high-viscosity sludge. 
 
High conveying 
performance 

  
High-viscosity sludge is 
pressed in between the disks. 
As a result, sludge is easily 
retained and clogging easily 
occurs. 
 
 

The distance between 
disks/shafts suitable for 
high-viscosity sludge 
reduces the retention of 
sludge and clogging. 
 
 

3 Rotation 
speed 

- 

Lower speed compared with 
the conventional technology 

(It can be arbitrarily 
controlled for each shaft.) 

Abrasion is reduced. 
 
Appropriate rotation 
speed can be set for 
each shaft according to 
sludge property or 
volume. 

     

In addition, compared with other indirect heating type sludge dryers (such as the
biaxial/four-axis disk type and paddle type), the MSD-200 has a structure in which sludge is not 
retained between the disks and the shafts because of the disk shape, the distance between the
disks and the distance between the shafts suitable for high-viscosity sludge, achieving a high
conveying performance, preventing clogging by sludge, and allowing stable operation in the
treatment of various kinds of sludge. 

Two shafts are rotated in the same direction, and sludge is drawn to one side and is not
retained between the shafts. Therefore, clogging can be reduced even in the treatment of
high-viscosity sludge. 

(3) Use of steam as a heat source for drying 
If surplus steam generated in an adjacent sludge incinerator, garbage incinerator, power

generation plant, etc., or surplus steam generated within the plant can be effectively used as a
heat source for drying, the running cost can be substantially reduced. 
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|4. Overview of the sludge dryer 
The design specifications of the sludge dryer (MSD-200) are given in Table 2, the system 

flow is shown in Figure 3 and the standard dimensions of the same line of dryers are found in
Figure 4. 

As illustrated in Figure 3, the flow rate of dewatered sludge (water content of 80% or more)
is measured by the electromagnetic flowmeter installed downstream of the sludge feed pump, the
dewatered sludge is directly put into the sludge dryer through the pressure-feeding pipe and is 
stirred, dried and conveyed within the dryer, and then the dried sludge (water content of 30% or
less) is discharged from the discharge gate. Steam as the heat source for drying is fed in the pipes in 
the shafts, the disks and the casing jackets (heat transfer surfaces), and then it is discharged as
steam drain out of the dryer system. On the other hand, the evaporated water (vapor) from the
sludge is sent to the cyclone by the exhaust gas fan, where dust is removed from the vapor, and
then water is condensed at the heat exchanger and exhaust gas is discharged out of the system. 

  
Table 2  Specifications of the sludge dryer (MSD-200) 

Item Specifications of MSD-200 
Heat transfer area 200m2 

Amount of sludge input 2570 to 3860 kg/h 
Saturated vapor pressure 0.64 to 0.71 MPa 
Number of revolutions 1 to 9 rpm 

Water content of sludge at inlet 80% 
Water content of sludge at outlet 30% 
 

 

Figure 3  Process flow of the sludge dryer 
 

 

Figure 4  Standard dimensions of the sludge dryer 
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|5. Operational results and evaluation 
With this equipment, the following items were verified and evaluated: 

(1) Analysis of properties of sludge 
The results of the analysis of the test sludge are depicted in Figure 5. The water content 

of the dewatered sludge and the ash/combustible content of the solids were measured according
to JIS M8812. The dewatered sludge is non-Newtonian fluid and it is difficult to measure the
actual viscosity using a cone-plate viscometer, etc. Therefore, the apparent viscosity of the
sludge was calculated from the dryer shaft power to evaluate the sludge viscosity. 

A comparison was made between the properties of sludge treated at treatment plants A, B
and C in China and those of general sewage sludge treated at treatment plants X and Y in Japan,
and it was found that the sludge treated at treatment plants A, B and C in China had a higher
ash content and a higher sludge viscosity. (Plant X: Digested sludge, Plant Y: Mixed raw 
sludge) 

 

Figure 5  Results of analysis of sludge properties 
 

(2) Evaluation of drying performance 
The operational results of the sludge dryer are presented in Table 3. Compared with the 

actual performance values of MHIEC's demonstration device (MSD-20: heat transfer area 
20m2), the evaporation speed per unit heat transfer area is increased by 5 to 13%, the steam
consumption is reduced by 6 to 11%, and the electric power consumption is reduced by 12 to
24%. It was confirmed that the performance of the MSD-200 was improved. 

   
Table 3: Operational results of the sludge dryer (MSD-200) 
Item Operational results Target value 

Amount of sludge input 3850kg/h 3790kh/h 
Water content of sludge at inlet 84% >80% 
Water content of sludge at outlet 19% <30% 

Evaporation rate* 105 ~ 113 >100 
Steam consumption* 89 ~ 94 <100 

Electric power consumption* 76 ~88 <100 

* When the actual performance value of MHIEC's demonstration device (MSD-20, nominal heat 
transfer area of 20m2) is 100. 

   

(3) Evaluation of stable operation 
Using the high-viscosity sludge to be treated at Plant C, continuous operation was

conducted to evaluate the conveying performance at high viscosity and the stability of the
drying performance. The results can be found in Figure 6. For the evaluation of the conveying
performance, the feed rate of dewatered sludge and the discharge rate of dried sludge were
measured. For the evaluation of the drying performance, the steam consumption was measured,
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and the amount of evaporated water was calculated from the water content of the dewatered
sludge and the water content of the dried sludge. As a result, it was confirmed that stable
continuous operation was secured even during seasonal variations of sludge and sludge
properties in summer or winter, as well as in terms of time variations such as a change of sludge
input load. 

 

Figure 6  Operational results of the sludge dryer 
 

(4) Evaluation of effects of introduction (economic efficiency and greenhouse effect gas
emissions) 

Figure 7 gives the estimated effect of the introduction of the high-viscosity sludge dryer 
(amount of dewatered sludge treated: 91t/day, water content of dewatered sludge: 84%, water
content of dried sludge: 30%). When dewatered sludge is dried, the sludge input can be reduced 
to about 23% compared with that before drying, allowing a substantial reduction of sludge
landfill disposal cost. 

 

Figure 7  Effect of introduction (Evaluation of life cycle cost) 
 

Therefore, through the introduction of the MSD-200, high-viscosity sludge, which was 
conventionally difficult to dry, can be dried and reduced in volume, and the landfill disposal
cost of the sludge and the life cycle cost of sludge dryer (total cost of equipment cost, fuel cost,
electric power cost and maintenance cost) become lower than the direct landfill disposal cost of
dewatered sludge. The life cycle cost can be reduced to 45% (27% when surplus steam is used).
Furthermore, through the mixed combustion of dried sludge, the life cycle cost can be reduced 
to 22% (4% when surplus steam is used). (Life cycle cost: Evaluated for the period of 20 years) 

In addition, Figure 8 shows the results of calculated CO2 emissions from the viewpoint
of reducing greenhouse gases. By drying high viscosity dewatered sludge, which is landfilled, 
with this equipment, co-firing of dried sludge is possible and CO2 emissions from fuel, 
electricity and incineration can be reduced to 37% compared with the case of dewatered sludge
landfill, and CO2 emissions can be also reduced to 5% when surplus steam is used. 
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Figure 8  Effect of introduction (Evaluation of CO2 emissions) 
 

|6. Conclusion 
We developed a sludge dryer (MSD-200) adaptable to various sludge properties such as

higher sludge viscosity. The operational results showed that stable continuous operation and the
drying performance of the MSD-200 were secured. By using this sludge dryer, dry high-viscosity 
dewatered sludge, which was conventionally disposed of in landfills, can be dried, and the landfill
disposal of sludge can be substantially reduced or mixed combustion can be performed, resulting in
the reduction of the life cycle cost and the greenhouse effect gas emissions. 

Based on the results above, in March 2018, we delivered 4 MSD-240 units (title photo) to a 
sludge treatment plant in southern China. In addition, we received an order for 5 MSD-240 units, 
which are currently being manufactured. It is expected that in the future, this sludge dryer will be
widely used not only in Japan, but also in various countries including those in Southeast Asia. 

MHIEC's sludge dryer can be adapted to various sludge properties. It is expected to be
applied to a wide range of fields including the treatment of various kinds of wastewater sludge and
biomass, and to facilitate the conversion of sludge to biomass fuel in the future. 
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