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Comparison of microwave and steam-type drying processes for
dehydrated sludge in a wastewater treatment plant
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ABSTRACT

There are two primary sludge drying methods such as the direct heating microwave method and the indirect heating
steam one. In this study, the drying treatment facility at sewage treatment plant A applied both of these drying methods.
The research aimed to investigate the optimal operation approach for the drying facility, considering the input sludge
and the moisture content data after the drying process. Moisture content and removal rate data were executed at the
research facility from January 2016 to December 2018. First, the microwave, a direct heating drying method, performed
intensive drying only on the outer surface of the sludge by directly applying heat to the sludge using far infrared rays,
so effective sludge drying was not achieved. On the other hand, the steam method of the indirect heating method
used steam from a gas boiler to maximize the utilization of the heat transfer area and reduce energy of the dryer,
resulting in an effective sludge drying efficiency. The sludge moisture content brought into the sludge drying facility
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was about 80%, but the moisture content of the sludge that went through the drying facility was less than 10% of
the design standard. Therefore, the steam method of the indirect heating method is more effective than the microwave
method of the previous direct heating method and is more effective for maintenance It has proven that it is an efficient

method of operating construction facilities.

Key words: Sludge, Microwave, Steam, Maintenance, Efficiency
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Fig. 1. Schematic diagram of microwave sludge dry.
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Fig. 3. Schematic diagram of steam sludge dry.

+ Fig. 32 AR AxA Al oA A A
gl A= Z71A% AMY FHEES A U
Wz Qt} (TSK water Cop., 2017).

7123 S AHESHA HWHA F7HHoRE Az

aQ

E==Dry input function rate

wi7ks HRAZI7F AR =N, SA R 2 vhEEd
SATE R AskerA A AewterR RYEE

Y bR,

29 STENE HE I EATIE

o

o9 F4g BAS THATY W71% T4
3 7]& ES. 06303. 1 2

06301, 1b 4EAF W 71 BFF-FHHS
AxAHY B&eA W A% 59

B} AALE v A
AL Mol 4] npo] sz

L

o
;%14
£
Ho
o Az
TE 1
o 2
N

571z AR

SeAE BASG 24717 vhola R go]He
A F714% FHORE ME AF9 2015~2018 717
o &eix) F4& B4 HolHE olgHh AHL
Pt Fob SUAE 47 - LB ARBBFL
P ART AHE RO, TYAFE e
AEE AAlste] BBEE Be

3.1 O] 2Y0|=(Microwave)Al2 Al EQI/74x

s2{X| g4E Hlu

post-drying moisture content —e—removalrate

[

100.0
883 gs3 884 oo 81.8 80.8 I sl
g2 I~.Bl.1 81
B0.7 80.3 817
81.9 (822 822 ?9-;3 ; E0.7 meLof | 800
§?3_4 §\§W§
S z
= L s00 @
2 s
£ =
S
Q
L L 4000 E
2 ]
o e
[=]
=

F 200

7 8

Time(Months)

Fig. 4. Dry input and export of moisture content and removal rate in 2015~ 2016.

160

ol =a3|2| 4138 d |32 2024 68



ox

>
ool
b

0
il
o[>
rio

Z 2015|094 20161 7t%] &

% &4 e AAEs B8t AAske] L
Z2 Uetylch
AxAvRE BE= 94 Hd Feg Ao
81.0%0l A 2 822%= FZHA} +0.83%= F4s
= & W3} glo] BAEGI 22jal upo] A2 o] H
Az F4E& AX £8A Teg2 Ha 74% A F
O] 23.0%=2 TZAAE +5.71%=2 2 HAE Ko
Ax38& AX £4A9 g 42 1904 4
Y, 283 10804 1292 10%9] 77 AZRES
o] AFE YAk 59 14.7%, 8¥ Ao 23.0%= A
zZago| Wolslth

X BAL Bof AUAQ AZARE oFA
ufo] 22 9ol B} 1A A B
SR SEEL NERSSE RNEEE
2 olg3) 2ex YR EMe] YKl 7+
B3 Azgaoly] tre] 2HM AT A
| G MAE AL AT 5

aHel4 ATe] Aol

o
i
4>
m:10
95}&
2

o o

B
o

N
S

s r
o= r
ol
ol
111
iy~
Hor
Y
=2
oo
o o
)
o

fu

=
S RS DIRES
R ks R Ewe] [FH

WO R Lol EWA Azo] Aibaol 2o

o

E=3 Dry input function rate E

HolA ob4te Aue ey,

3.2 Z7|(Steam) 4= ZH A2 A| EQ/HX &8X|

gt+= Hlw
Fig. 5= F71AXTHE ARESE 717 5 2017~
I8 Zeix] Wog, A% A - F LA P
S AALES Yt AHgste] agi=2 yeRch
slolazslo|ne] RUTRET 2 Aol o] B

80.0% o)/Fe] ol ARAER FUH S 1A
Az T e W 61%E AAA ARE
10%2} & Aol & HojF=al glo] apzQl kpg 4

3 g ehyelet,

Azduz B oK B BEES Ak
75.2%00 4 H o] 84.0%= :{:—v—-liX]- 2.45%2 g
of 3 WA glo] FYHYULh F7A% BUE AL

5220 o

SR T4 H 46%0A4 A 6.6%2 EEH
Az 2061%2] A3} (1 LERSIE, vhel 2 )
B AzdrdHo| b3 u] FA3E Aree] 3§
e it

T71Ax e AN F AR Hat BO%E =
< AAES JEHSIT oflel 840 F8 olf=
AZYA Hol7t B W AARS 7
& olth mlolazgloln YHHoR S el

B post-drying moisture content —@—removalrate

. 100.0

924 gpz 923 g3g 932 37 945 930 5934 gog 92.2

B2.5 518 g2 833 p2g 53.5

79.6 : r83.6 [HE4.0 [
N o HELTE  7so 9 B B - 80.0
k4
g 5
1= L 600 &
g g
S =
§
5]
@ L an0 £
2 ]
I o
[=]
=
- 20.0
45

7 ]

Time{Maonths)

Fig. 5. Dry input and export of moisture content and removal rate in 2017 ~2018.

Journal of Korean Society of Water and Wastewater Vol. 38, No. 3, June 2024

pp. 155-164



gE2A/e| 00|32

2T =2
6

loj=et 37| AxSH &

grlo] AFHoR A2 ARtoH, SuX YRzt
X AwbAQl Az7} ol ol 4] gtk iR A%
b obd Fame B Leix dde] 4 sbshs
2713 B 08 & AZELS A ol
ok 20179 AXBAL o]F F7|A%EAC] Pt
WA 2018 X £ e Az F LA P
£o| g8 ZolArh oleldt F71A% FHo| wTH
oln mgHow UYHWA AA FA Buz FYd

AAE SOton/day S F5F317]%= ek 18]al 2017
dojl vlsl A% & Fhpgo] 5.4%7HA] A EHA &
Z AA AZXE 10%E A s 582 JEY
ek E3F AALE 93.6%7HA] FAEE= ARE U
EFu $lct

3.3 £2{X| x2|Z 2t O[3 =do|=et B7[7x
389 dsH|w

Table 2+= mfo|A R o] HE o] g3t =
% 2015~20169 AxA AL WelE &
A8 EAE ¥ BHoE et &84 vl
23.0~24.0 ton, AL 2F 22.0 tonJ=o|t} &
ARAA A AZE &2 HelFF 50 tonk ok
=3 whels 2 AHelgelnh d &EA AEge] A4

B gt A7) wklEs mEgHl exdAol

L

T o
N

N
l>r££—~
2ol 2 (N

T

gkt SR whisrol Bls) A2wre] oL &
< ASe 7S e EHAE SR A A2
Al Fshal ARt Aol AEA RElE S A9 9
7 AeEs oA HFEE] WAL= Aol
nfol Az o] HE o]-g3 Hx 127] W ol
SYA7E RAE= AR Ao W4
Ao} 2o AxA|9) 287 yus
A 2n2 AzsH £ 2A 7L BH
o2 vrsold Az

Table 3+ 5
= 2017~ 2018@01] Az A|A
Aele seAE 9 BRo etk SelA wel
oF 43.0~45.0ton, #|2|FS OF 42.0~44.0 tono|t}. v}
ol mgolHuTt oF 50% HE Z7bEl Wl X
gges 7] dxAd A0 AgE AEgoes
2849 LAANE et /0% FUe
FrAEE] SHolA A&AQ AR FO WAZA 7L T
AshA] il HAxE 10% olstE WEdhe duE &
& gl

SoX) WA Qe BAS ST SHo|
A Au P, AREs Ayl dg7) A7 e
AAE&Fe AYshe Ao] Fastth 7130l
nfolAmeojHKEtt B a&/Adyt AAGolA atd
olgt= AEZ =&Y 4 otk

g
Y
O:
rV

> M 1o of

O
o ke orle

ok
B
i
o
rie A
o O}El‘ Ll Jﬁ OH

e
i 0
ol &l
NN
ol K
o e
> of
32
™

o

)
fu oo
g -

A

—_

Table 2. Average monthly sludge carry-in and throughput from 2015 to 2016

Average monthly sludge carry-in and throughput
Parameters Units Amount of sludge brought Sludge treatment amount
2015 2016 2015 2016
January ton 25.0 22.0 26.8 21.5
February ton 27.8 19.6 25.0 19.1
March ton 19.2 19.5 19.1 20.5
April ton 19.2 27.2 26.5 26.8
May ton 25.4 23.4 26.4 23.5
June ton 21.2 26.2 20.7 26.0
July ton 26.2 21.5 25.4 21.3
August ton 25.2 19.1 25.5 22.4
September ton 20.7 19.9 20.5 22.0
October ton 28.8 26.3 26.7 22.0
November ton 23.7 15.2 26.0 16.5
December ton 23.2 29.4 23.2 25.4
Average ton 23.8 22.4 24.3 22.3
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Table 3. Average monthly sludge carry-in and throughput from 2017 to 2018

Average monthly sludge carry-in and throughput
Parameters Units Amount of sludge brought Sludge treatment amount
2017 2018 2017 2018
January ton 48.0 45.6 45.6 44.1
February ton 43.4 43.1 43.6 41.5
March ton 43.0 40.1 40.1 39.9
April ton 41.0 39.1 47.1 45.1
May ton 45.7 43.3 43.3 42.8
June ton 46.0 45.7 45.7 43.5
July ton 45.0 43.1 43.1 43.0
August ton 46.9 45.4 45.4 39.2
September ton 45.4 44.9 44.9 43.0
October ton 44.8 43.4 46.4 43.4
November ton 42.3 41.7 43.7 39.7
December ton 48.1 46.7 46.7 441
Average ton 45.0 43.5 44.6 42.4
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