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Thermal remediation systems for treating oil-contaminated soil offer more reliable remediation capabilities than

do washing and bioremediation techniques, but have the drawback of large unit energy consumption, which
places a Iarlge load on the environment. A ieneric incinerator that produces high-temperature combustion gases as

in thermal soil remediation methods is fitted with a boiler, and electric power is generated by using a steam
turbine for heat recovery. In terms of scale and the characteristics of the processed materials, pre-drying of the soil
was found to be appropriate for reducing the energy consumption of the soil remediation pf:mt. In this research,
we developed a system for reducing energy consumption by two methods that reduce the load of remediation on
the environment. These methods are recovering heat from the 800C exhaust gas produced in the secondary
incinerator in order to perform pre-drying using indirect heating drier units bc?ore heating the soil in the kiln,
and installing heat exchangers to pre-heat the air for incineration. A bypass duct is installed in the soil pre-dryin
unit for controlling the heat exchange capacity. Furthermore, to increase efficiency, an exhaust mechanism for soi
microparticles is installed and intake using air suction is implemented. Theoretically, this device can produce
energy savings of 35% compared with conventional devices and increase the processing capacity to 110% that of
devices of the same size that are not fitted with the energy-saving devices. In this study, the effectiveness of this
system is verified at an actual soil remediation plant.

ABSTRACT

Key Words : Oil contaminated soil, Rotary kiln, Soil remediation

1. ®8 JORBEN 2251 T AL BRI 5 05 23 B L L, 1
KAE TR, BB DBRFEANOIRE D Z LA FEEE RO BN DS EHEEITOWTIL, BAIAMNIKRL TR E

TR LT, #BEBIC BT HIEG G AL AT
TV G RWELLCIE, BEER - R ARILED -
VOCRIMBRENZT N5, LEH R OB ERAMRE LT
W&, A DM IR EE S T HIEREAL T B L F L AT
I—av iR, Mg TR TR Lk 3 A2 LIC kD E L
LRGSR, HIEE MBS A HIED B YW B %
G BEL TR TS HINEGE S D D B0 % 4 D TIEICIE
BB, N FL AT T —Tarvikid, o T KL
TEHALIAMARLINZ LD R B 2%, bk BE DS AE
DM IRBEINARLE T B723D, WAL D EIR S D BRIBIAKAE
L., LHIRARHIETHLE VI BB 5o F72, T EIZBW
T, TR LG LR L 22 R R AR, T EBESE
WAL G335 5 TR S 2 L BN B0 — , BULEREICB T
(&, IR B SR B9 Gl 2 BB S 572012
AMEFIATZBAS, MAD /DD T ANF—Z N LR
T 2SN E N RS D H A (Hashimoto, et al., 2006). 7% 4
DB L7 E R DB B DY AT DIZBWTD, BRI
BEPKRELED—2I27 5T WA (Horai, et al., 2013) o 2k
WLERTE TR, HIEDSBBLREL 75 R AR AL AR T L 72 A
DHERAT A EEND o CNEES S H72D12800CE T
BT DR, COMBMEICBNTZANF -2 LW E T 5o
BIANF—ALD7=DI2IL, L ROPERATADLD AN
F—2MLT LI EDUFEETH D — I, PEEARA T —
R TARRY —E CREEATT ) TR, Bz ik

MEIELIRAEEDP B F 7, IR ACE TN B R E
IN—F—RBEA RO F O A THINT B, FEZEL R
FEASTEHICTRY, HOPFRA AL T B2 R O BE 25 28I
N7, BESHRTEAR 2SI IR ESRD B AT AR EK
HEV)IRED DS

AWFFETIE, BILEN X HNNG G T LY 2T 2 DE
TH5%mDIANF - BRERRMILET S0,
BED Tz 1% BB MBSV TS T I 02 1 285 18 A 2
ICBWTRZL, 138 AT 208 TAVF -5 F12>
WL - FHli 21T 2% 5720

2. BT

o, e <Pyrolysis>

<Addition>
Saked line
Urea water

e o 2
Soil fine H,0+Hydrocarbon “
rticl
pamyes <Volatilization>1 H,0+CO,+

] SO,+NOx  H,0+CO,
oil H,0

<Cooling = Conditionigg>

<Heating’~
" » o » -

Contaminated Heating Purification
soil soil soil

Figl Conception diagram of the purification by the heating

BB X B0 B LR OB, TIEEMB LI
FoTHGAMOZELREZ B O T TIENSHBLEEL L2170

*1 BRI A SRR 2ov=7)r 783 EGR L (1)
2 HIMR &AL Bl Bd Wit (T)

2025 | NO.006 BIBICEDMER LT EREIRTADBEIRILFY — b (FREIREE & S MAIRIC S D EE )

F7MET LI TRALL 7 A2 IR IR BESE T750~
800CIZ LA ST A AR K E Z Wb bk 1/ R L&
165 %, BT HIEF L OB SR 2R §, TIEOIEIR I
Lo TIHL )5 A5 SN TBY, 800~1000TIThE LT
W% 53 173 % B3R, 400~600CETIMEL CTilhs%
i 3 2B A5, 200~300CTITNER L Il 2 HE 58 55 il 5
BECIE MBI 534 L T 5 (Central environmental
council soil pesticide sectional meeting, 2006 )o TN
BRI o TEHAL ] RE A 23O 0, N BRIR EE 25 i 22
BIEE, RS HEL W EE MO R E THL T RETH B
FID2RMB R E Lo TR RS HIET, ¥4 F 0D
AT BRI D B W E LT B35 413, 2UK RS TUL
A 2%800CLL EOIRIE T2 UL ERR & &, 44 F 2>
PHEW T 57/ R ER OIS EE T 572012, Wil
Rl TVh,

BULEILII B LB O RN E LTI, MRy 23
SR SN B, MEBAF IV AZX S TN—F—THAL7
OB AL BAHR ATV, WFR EE TN LIS
oo Z D%, WHETEOREN REHEBLTr—)r 7
FEIZBW T SIND.— 77, MEAF IV THA L7235
WS LHE T A, 2B BEZE T800CLL Lol T80
PR S TRALKFER AT F L 255 %0 T D,
FAF XV UNEERT 5T REROME 23 572
DI, WHIETHHEIL, NT T4V THREWBE L 77412, T
BT 5

REFFEDY AT LTI, §— V- EvFEOEZMFETOYG
LB ELTBY HEL400~600CE TN T 22512
SIS,

HAL TR BT BB B2 § . ZORAE F M,
TIEDLIE R 1 25¢/h, FKEE 1 30%, N AL B B
600C, FER A ADILIREE : 800 CEL TV %, £/ DR
HEMLEL TR AZERE  120Nm?/min, & kiR :
S%EL TR AT IRo720 ST TO FIEDOMEEE I, K57
2EELRVIREO HIELFIRAS600CICETHIR T 5ET
DSRETCTH LD, EEDKI17%% 5D 5. F72, BHITRT K
SrAGERAGEE, TIEE100CUL RITINEA T 236, 9 138
DIRG R ZFESE WD DY, K DZAEFEHEFI I
BIFNF=THY, ZOZINF—0334%DE G2 HO T
BIENDOH Do MBILBL DX G, TIEAITE TN BTG G4
THHN, TOMIZITHIUL, FHUCETND K EFRHRIEE
BLUEDH L. THAEENL KRG EEUUN A RS
ZED, TANF—IHBERICREGEET LI LD Db %72
PG A IMEE B, TR OAR A 22 A SR BEDE AT A LB
D800 CETIMET DI EL I TH Do £7-7KH

EET AT HOICLEREETH L ZO2HMDOEF

AIA A% 00 CE TH- LI H A% KL AL i 3R\ B
f#3 BDIL B TH D BUIFR DI 2 5L, kDK
50%DEEE D5 ZOPLT AN BN THKERD
FED12%FEEASTHY, THOERIPERTN ALIICE
WTHHELTWAIED DA 5,

4%

® Soil heating

B Water evaporation
= Exhaust gas heating
B Steam heating

m Radiation loss

Fig2 Heat balance in the soil purification processing

PR D 1IEHAL T T M TIES00CE THIML /2 HEX T A
BNTTANE TR GBI EE CH A CamL Tz,
FAFTF L DA R T AL, 250~400CTHYZ D
PR TIIRE T HUEDHHH800CT~400TE TOH IR
TIFPERE LT 5T LD RETH Lo N AITHENL AN
F—DEEIIHS0% LD, 2O T ANF—D— iz 1L
THILT, BLANF AL DL KL,

BULFLIZ X2 LY AT DB AV F—{b% X5 L
THRZF I, HIEOGKIZ TIF5ILE BRI A
PHOEMILTH 5,

3. FiCARULEAIRILF—BRIBMEIRATA

EAL IO REITB T, H MR, P, EL
i, P OB SR G R L CTHBT§ 2L E 0B %,
B ZAE, FROSER D HUAM A5 W MU BV T, RLEE R 7S
o THEMI I THALL B2 2 T, LR AR5
BIENEETHY, BIBI LD EALAMEN LD o F A
MLEZ BN T, H L LF B 0k E Sh 5 DT T b
(2 BH%, —HEIICIE, — DO TR B ZE T S5 %
V. TCho ZD1O—DODTHIZBIHH TANF -1 D%
FRS R ARAE AN F — I ANOEZ R, Ve,
HADBRORENIIE, LR - FL IR - A AL F—
FEZF ORI - IR AT HE %0

FRLL 72 I BN L2 s LT T U ML, R
BTG Y2 BB 3 228 0 S Athod Tl L TRl
CHAL T AL R DL VIR DD B0, ZLDT RNV
F—2HETHEV) MDD Do T D7D 4 B O TIZZ
DIEERY T HHIT, 800CET EA-SR7HER T ANS
PEBAE IS 2 )7 A MG L, BB = AV —R L
b AT 2% B3 LTz,

PEB IO J7 L LTI, ERE L7z IS — M I Bk
RPEFNIFETIX, RAT—DEPFEL THEREFAE ST

BABIC LD MBFERIIFF O AT ADEIRILT — L (FRTIRERE L 2 MR (c L EEIR) 2025 | N0.006

NIKKO TECHNICAL REPORT



<

<

Bug filter

Pollution

soill

Calcium hydl()xldu silo

o

device

£ Cooling
cxchanger Hower |

o
tary kiln ¥
=T

urner g - Soil

i Cooling - & Purification

=P Exhaust gas
“# Preheat air

=ap Soil particle

Fig3 Flow of Saving energy model remediation system for oil-contaminated soil
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Fig7 Side view of the heat exchanger
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Fig8 inside of the heat exchanger
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Fig10 Operative data of the pre-drying device
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Figl2 Operative data of the heat exchanger
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Fig13 Effect of soil water content to give on
mileage and throughput
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