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Microscope, pH EC Multi-meter, Auto-claver, Distiller, Cold chamber, Clean bench, Fume hood,
Rotary evaporator, Centrifuge, Dry over, Geo-probe etc.
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(332) 7| SH

FER2H0|1MS i/

GC/FID, TLC/FID, XRF,0|MZH2¢7| S

@ (Bh) ML ’2E S EeIE
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2x oM 7,714 ME|Z HE
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A
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MBS X M LEESHA
o= s MEM E9} 848, I;LT'_:_;_OJIII\
(In—Situ / Ex=Situ) S5
EQFM|A = A
(In=Situ : Flushing) ot -
(Ex=Situ : Washing) <
X 7
=" HMEM EQF =5
(Ex—Situ)
x=lA >
3 S5 EMEE
1Ck : 2ck : 3¢k 4ct
olRmEN HEf EFAK SIEH gy Sy Mspy SEY
(exchangeable  : (carbonate : (Fe/Mn oxides : (organic/sulfide
fraction) E fraction) fraction) : fraction)

EUME **g THs(HI3EtA2) 5_
7| Nale NS 7K (HAEIA2) S0%DITIN)

THEAM SEY
(residual fraction)
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Heavy metals (Pb, Cd, As, Cr, Hg, Zn, Cu, Co, ...)

Mixed organic / ionic contaminants

Toxic anions (nitrates and sulfates)

Radioactive species (Cs,5,, Srgg, COg, U) Lab. Test
Dense, non-aqueous-phase liquids (DNAPLSs)

Petroleum hydrocarbons (diesel fuel, gasoline, kerosene, lubricating oils)

Cyanides

Explosives

Halogenated hydrocarbons

Non-halogenated pollutants

Polynuclear aromatic hydrocarbons (PAHSs) Pilot Test
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7I1&7H 717t 1 20004 ~ SXH (AR T20|=)
S5159 87, S51S2 67

AT H1955

ZM7[=21F HGT-10—-00198=% / MIGT—-15—-00115%
HHHE (F 300927, X2 348HTon)

Process of Ex-Situ Electrokinetic Remediation

Excavation 15t Bucket screen 2nd screen Remedial Operation System Verification
(removal waste) (<20mm) Operation of Soil Purification

Process of In-Situ Electrokinetic Remediation

Installation of Electrokinetic System System O'per_atlon
& Monitoring
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Al HEE = =S 510 BMdS

ol
== A B3
Mineralization
CO2 + H20
2. E37T =0l 0|ME % 7|E fRE6

e
r—m—"m="m=m=====- " N
| P I
| Biotransformation |
I or CHAMAS I
_ (Acids, Ketons,
I ® Alcohols..) |
S3IFS(CHALAS) : |
| 7" 5jof ozt | ®eq
lloa BagA = |
T ROl
I\ =x1'g7 1. Z5192E 0|42
T . 2a|/x7} £9J

LI, 'S — o - e =

37 F(CHAIME) ol
ofst D] 4E &4 sl

Biomass

~ Residues
(SHESHA -

Cyclics, PAHs..)

ECOPK{ e 16



- @oRE He SQEESIOJAME (£ 12004= — Degraed Aliphatic, Aromatic HC and Resin)
= 0|4
No Genus Colony oio|d (Reference) SEM
1 Yarrowia Oil dggradmg
Microbes
- Oil degrading
2 Corynebacterium Microbes
) Oil degrading
3 Sphingomonas Microbes
4 Acinetobacter ~ PAHS _degradlng
> microbes
T, n_ B e .
) PAHs degrading
5 Micrococcus "9 oo
6 Rhodococcus Resm_degradlng
microbes
v Bacillus Resm_degradlng
microbes
8 Pseudomonas Oil Qeg rading
microbes
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= Ex=Situ ™s}xz| A=

ey = 110 74 Kuwait Kuwait
AH'='o|'1_1 =) —
o= xzl (900,000 ton) (300 ton) (3 M ton)
Mk OF LI 54 Kuwait
M= _
({ 3%) ESM= (35,000 ton) | (85,000 ton)
HErE} 54
(Direct) (25,000 ton) - B
S| _ Kuwait Kuwait
ey e (15,000 ton) (3 M ton)
712 == -
(o= (3~7%) etat Bt Tost _ Kuwait (500,000 ton)
3= (Direct) Indonesia (35,000 ton)
IsE GERE-RERS| . .
(57%) (Indirect) Pilot Test Kuwait (100,000 ton)
PAHSs MESIA % 3d - —
(Benzo—a—pyrene) == Mzl (20,000 ton)
oCR MEstM x| Lab Test — —
s
HM7|9et™ X2 Pilot Test — —
POPs /s ERE ™7™ X2 Field Test Lab Test (Kuwait/UAE)
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OFMI=x
_ ESHEA (30,000 ton)
Fe/Mn AtSIS SE 20 2
X7 |HEHE =
== A S ISR Xel (200,000 ton)
=T 7|5 72 10 &
T = (45,000 ton)
ToEle =Ee SN+ 7 |25t 2 =32 S3A| 3125 EQHS)
Hybrid (120,000 ton) 2.3 M ton)
In—=Situ M3}x{a| A=
Soil Flushin 6
(=11 TPH / BTEX ushing (640,000 ton)
SVEIBV], 25 2 52 ATH ST HIMOT
10Siurpin = =
H| A= xt Birarmedioion (350,000 ton) of3|0Hx5H2016.06~)
232 sriE/gzEEe wlemma | SO0

 Full-Scale $%xg

A1x (2202 / 2508t ton) |
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o O

« LAEX|H : NCC (Kuwait) « QEX|Y : FetH|EA Hof7E
- @22F 1 150,000 m?3 . QOIZEL 74700 m]
- 2HEY [ FEERF ’
c QHEN 1 S35 29
(TPH 39,000 mg/kg—soil) ) S (As/Cd)
« M3I2H : TPH 5,000 mg/kg—soil (Z2kH) - M3l=x : [As 25 / Cd 4] mg/kg—soail
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A : (gt Z=E) Fsto|F Eiler &
(Direct Thermal)

: 24,000 m3 (10 ton/h)

R R /2R

(TPH 23,000mg/kg—soil)
: TPH 475 mg/kg—soll

* Indirect Thermal Desorption
(Oil Recovery)

« QE=EF 1 1,500 kg/h

c QAHAEM ) 7% TPH

* M3I=H : TPH 450 mg/kg

/
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« QEX|H : ’é%*ﬁla._" o+ AE (In—Situ)
« QEEZF 1 1,000 m

« 2HEHM . 534 28 (As / Cu / Pb)

- Hal=1

: [As 25 / Cu 150 / Pb 200]mg/kg—soil

« XY 1 MBS YL SHISEEX]) (Ex—Situ)
- Q&S : 14,500 m3

- 2HEEY 1 Z34% 2 (Cu/ Zn / Ni)

- Y=

: [Cu 150 / Zn 300 / Ni 100] mg/kg
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« H3FI7|17ZF: 2012.01. ~ 2013.08.30. QHEAE : G.L(-) 10.0 ~ 15.0m
HIZFX - 2 QHEZE! : TPH, Xylene XSt - EQFM|X(Soil Flushing)
AIBA} - HSI=2HE : TPH 2,000 mg/kg, Xylene 45mg/kg
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HX : 125,868m
« M2|=2F : 54,295m°
« X2[EX] © 6971
- QESE © H|A(As), T+2I/(Cu)
« QASTE : H|A 213mg/kg, 22| 703mg/kg
- X2|3HE : ¢tEs EE 3 BtE
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M3l 20cm + 2E 40cm

LEEMX| VAR + 2F32t 20cm + SE 40cm

=1 EH
SEHXHE
= E 40cm [
orH 5 20cm § X
= E 40cm I
=St 20cm |

S¢E MX|(VAR.) {

ﬂxlﬂ' AR

TYPE-3 Z2E 20cm ~ 40cm

2 E 20~40cm

rigk

m

TYPE-4 2tE 40cm + 2H783H20cm

# E 40cm

ob=3} 20cm §

TYPE-5 =2tE 20cm + 2t™35t 20cm + 2 E 20cm

rigk

m

-+

W Wl

| { W1 N W1 W W
3 ‘

= E20cm |

C[EE
TSR

2 E 20cm

OLE 3l 20cm

JiT
km

TYPE—6 =ZtE 30cm + 2tAH3t 20cm + 2E 10cm

HZ[H
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Trouble—Shooting?| 524 _

O MIXH{75um)
(712 RE 2E=ZI2
OJMIXE LHOll Z=XH)
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HE LASEO| wE x2|dAlo| MA (A=Y

2| 7| Hatm® 7|0 wat Xa|dA] (/)
Me/E2/n2/HE/thE/pH/EE S etd™ E4 1y

ooz F5(TPH) : GC/FID or &% (HEM or SGHEM)

== ZE24 : TCLP or 854 or Y4F=H

S5 ;. WA SHE} or 1A or HETA| SHEH
24 1 57 ©Ael E28 EMHE] T &st= B
XMa|gtAlof w2t Xjol= oLt Helsd™ £ 2l m7|E X217t

7tset71? ME|HIE2 o st (oHE/HEHRE])

H3H|Z2 7t XIFs=71(SL™E or X|UHEE or AL
| etc.)
- M3HH|22 dofelrt?

Trouble glAH

Hol : EXY L @EEO| S22 ol E
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Trouble—Shooting?] =LA /x{ ._xiloH”(TS)

™ (Feasibility Study : FS)

1. Screening Alternatives (Site Investigation)

2. Treatability Test

3. Evaluation Remediation Technologies

4. Remedy selection

5. Cost Assumption
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1. FS(Feasibility Study) &1 — Si& X|=3} 7|a2 &HSH 7|& Hal2Ho| M|

o o Hd—

2 Trouble—Shooting(TS) 52 — 3Ho| XM&l 5 28 7|5 — Mt EF 7Is

EAXS| 7|=0|8e 22X 2H -
FS s2(Know—How) 7|&0|H™ — XIHAZR TS 2XIcHZ =1 Ui

4.7|=0|Fe B = 1 AN 29 sE 7oz HtEXol MZ2o| T Mol /US
5.71=0|H(FS Know—How) £27|ZF : 5~10

% Ol MY EESIAIC] ol Ol -

Feasibility Study®| 71559l Zei(3iZto| £ U 2HEN 5)2 Ta{sIX| YU
o Aol Rros ACIE(1E / B
— BRIZ(TS)s0| HAZ FFHOR ARIET| U O A4 2
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D SSHIEA HIHUTS FEAR N

: 2012.10. ~ 2015.06.30.

________________________________________________

=F 1 74,700m?

= : As, Cu, Pb, Cd

=177
MalaH

Hei=x

: G.L(-) 0 ~ 3.0m

P EYMIA + HI[HetH el
. As 25, Cu 150, Pb 200, Cd 4mg/kg

o oanz b
= Lo OFMIAMTHH XM 5 d l|-;{‘ﬂ?l%ﬁ
%l‘Eo-FO| EE(EOA"I—I_SI:I x—IO <&I-7:") Y 2 g . > “QI‘;SE_aIE T~ ,.:-:

HZar0| BIS(F7|stEY 8 FH) | S | Y )
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1 EM OJMIES 312 : 30~50% -
2. 2HH ExH el Solid(Particle) & Semi—Solid(Z&A)
3 Qu=L S (EPA 9071B) : 3~5% TPH .
(MESHN M5t M E9F) | GC/FID (C8~C40) : 1~2% e
_ C400|& Heavy Fraction 3 oo
O] IT= =<
4. 2&H S3t S UCMEHET) 31 02 &2 -
5. O|M= JHH|4 { 10™ CFU/g—soil %2 &
Bioaugmentation 2HI5HZ(Trouble — Shooting)
35000
= | At
%: 30000 Tailing & 1. & EMol| Melst 0|ME 2R
E oo [o | _ 0|3t ZapAtefof XEtE |ME0| Hal7)
£ 20000 * i f o)
4 =-
E 15000 $ o ¢ ¢ — ASHE| XM S2E EFXIA|Z &
t>° 10000 DIA'“EO'" TT= =1 IE T
& %= Biosurfactant(4 571IESE“811I)§ MMsk=
I, OjdEe| 227t 2L
0 10 20 30 40 50 60
Time(Days) e 2. Co—metabolism F=0| &t 7|&




Sample Collection
(Finish)

Laboratory Culture —
Isolation (Finish)

Identification
(Finish)

Crude Oil Degradation Test
(Finish)

Patent
(On-Going)

Microorganism
(by photograph)

180 (&1 B0
C GACGTGGACAAACC GCC TACGAGCTCT T T al

I'L'f.r'"'.' -""’.:': WY .."1' W ",' '." W ' "'ﬁ 'L

il
3 Lil
AT

il EF T Erli}
PG TTCGTOCC TACTGAAAGGGGT TT ACS

® Verification of Hydrocarbon Degradation Ablllty

10,000
8000
8000
7000

0 day

D2 MDBDRNDB 0L M

10,000
0,000
8,000

mmmmmmmmmmmmmmmmmmmmmmmmmm

14 day

QT.i.ﬁ.ﬁ.ﬁ.EEEEE

'28 day

| \

4 6 8 10121416 Bnﬂﬁﬁl@:ﬂ 333333
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/= Trouble=Shooting £ 2|=X|=1} H|12

35000

30000

25000

20000

15000

TPH(Gravimetry) mg/kg

10000

5000

Bioremediation Rate

Korea
y = 30860e0:001x
R?=0.8315

—_—

Ecophile
y = 23906e0-007x
R%?=0.7633

50 100 150
Time (days)

250

320003 WY
30,000
28,000
26,000
24,000
22,000
20,000
18,000
16,000
14,000
12,000
10,000
8,000
£,000
4,000
2,000

b

|
|

RT minf] |

8 10 12 14 16 18 0 2 A4 6 B I R W B 3B 40 £ M4 46 4

180,000
150,000
140,000
130,000
120,000
110,000
100,000
0,000
20,000
70,000
£0,000
50,000
40,000
30,000
20,000
10,000
o 23]

RT [min]

10 18 20 25 30 35 40 45 50
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=32 T2HE(S

5 QEUEY oA W B

[ strmRCeI=EsnE || « I Rba-2mEsswEn | _cormEaTsisngonxs | crmEmEs-200mgkonxs

- BB - 13,400m° - 21%#91,287,200m

-]
OOTTTT TR [T T
l-gssgggggagggggggg I

\U——____________}
(@ T\
Cro-REETE200~1000mg/kgRIX 549

- 21%5491,171,800m° - 2IFRAEL : 22,600m

[]emans

Vs

[ wI bz~ omEs RS HiER | T Eibatm B 7iER |

N

AEASE(mg/kg)

=1
S

QHZK(m?)

34.8 ~ 200 1,287,200

> 200~ 1,000 1,171,800

> 1,000 22,600

o dEnv|= 13,400
2,495,000
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pH S2|d=2H (NY/T1377—-2007) pH meter
£ 38 RS2 EH (HJ491-2009 (E2H) Pl
(Total Cr) E7} e ZLIEZ 2MUMH(FEIQNR) 2azc A
67} 2= CHO|HI'L 7 HIXIO|1E H =S
© r6+)=' GB/T15555.4—-1995 (E2F) 2azc
GB7467—-1987 (%!
I%| glon, olol| w2t & 20N 67138 SEE MQISH 22 37I19E SE2 |

 oxlf 371 3 Z2| AR 7[E2




° HEX] RHEEY J|=EY 2M

HrEx = 38 67128 IJIEE =1 ofA Lz Uzt olads H s LIEE EHE
(mm) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (%) (%) (%) (%) (mg/kg)
1~2 10.2 | 8258 | 2,161 2.2 247 | 5643 | 3028 | 4092 | 25 |29 | 21 034 479
0.5-1 9.9 | 9422 | 1,936 3.2 52.3 | 365.8 | 350.1 @ 4764 @ 28 | 31 18 | 031 406

0.15-0.5 215 8482 | 1,375 3.7 502 | 2231 | 2957 4511 20 |28 11 | 017 201

0.075-0.15 124 = 9122 | 1,351 3.4 465 | 2352 | 3102 | 501.2 @ 24 | 3.0 | 10 | 021 289

<0.075 461 10,194 | 2,595 1.3 50.0 | 2126 | 273.0 @ 477.7 | 24 |27 11 | 041 703

o AEX] LEEY S35 EIHE] 2A
M1, 22HA| HI3THA| HatHA HISTHA|
EUEH  oiems/ sy MEMHE o gy | 27
Etired HEH (Fe—Mn Oxide) |[(S/Organic Complex) “~7< <
= == 1,515 941 5,197 5,874 13,527

(mg/kg)

(%) 11.2% 7.0% 38.4% 43.4% 100

0

SLEEY 7|==d / EXNSE] EAp AT =X} Y3lSH AKX ==



=7|SkE : 9,400mg/kg

4000 -
MIziorE .
2000 - F& (mg/kg) TR (mg/kg)
HCI 20mM 364.1 10071.3
HCI 50mM 376.5 10600.9
0 —————-———-—-—-j— HCl 100mM 308.3 9949.6
HCI 200mM 434.5 10045.2
N e§ @“éx qg“é\ @“éx H,S0, 20mM 496.0 9248.5
H,S04 50mM 648.9 8996.2
H,S0, 100mM 727.7 9201.9
H,SO4 200mM 889.0 0846.0
— = _— — _— O (o) —
Slst®™ MIA X2| 3 10% 0|2F p SHAEF M2 x|
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Alele 23| (Physical Soil Washing)
ZAI&(Pilot Test)




expl. Anode

|
1600 v (R expl. Auode "/
———¥———  epd Anode .
i |
1400 { — —A-— - expd. Anode _
1200 { ——m—— eph Amode _ |
|
' :
¥ e
P
- v d-:a-"';r- |
v b
T Ty L
L8 __.:-_i::’.i:'l X |
:-'?:l‘;‘i I
g |
|
|
0 50 100 150 00 250 300

Time (hr)

=7|sx 11,000 mg/kg » 9,400 mg/kg(12& =

M3

Exp.1 10V Ti Ti
Exp.2 20V Ti Ti
Exp.3 30V Ti Ti
Exp.4 10V Fe Ti
Exp.5 20V Fe Ti
Exp.6 30V Fe Ti

> H7ig=E sl
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Oxi5|(Stabilization) — (1)

EMHE AR(BSAIZE 1 3~24A|2ZF, 11%8H| : 0.5~1.0)
oFx{3}H| 07 27+ OEOIEI MLIEE — HLMS HIO|2 = sS4
=< (FeO(zV1)) (Fe2*) (Na,S,0,) (Citrate) (BioChar) (Humate)
SUHIB(%) ~20% =~ 30% ~ 30% ~ 20% ~ 20% ~ 20%

COIMSIN|IS 212t [F= 2~37 EEE
5712 AT 672 =2(Crét)e] == X2 &0l — =7

E515101 = 205 50| o O1s} AIE 3
7|

2.,200mg/kg » 1~20mg/kg
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Xk
- O O

ST T2HE(SA| &8

= Qr™SKStabilization) — (2)

= EQ pH 3 EHSAIZE Zatof| UhE 2 erdd Eo

—

s —— TSN T .

110, HF2 A2t 336A1ZH23F))
17 L} E2F 5g xli¥] = pH1, pH7, pH13 220 H=

e — - -I_ -
T T o 1

MARIENFELD L~

« 47 H=F0IAM Z pHESH H A[ZH Bfol| 2t 67F AELE KiitEt p ATYEHE =71

— Z} pHEoH0| 7} & 25 ~ 25 mg/L, 2 L E2AUA|Z2| 67} AE 2F 200 ~ 500mg/kg =
— AlIZte| Hut o EQF pH W0l 2fsH xfiitstz|of 2HEA0| Gl A= =10l

—_O O
« 174 A=F0lM St X{2| o] & FLUSHA| ZHAEIEIX| 210 OFEHA FX
— 2% LY 0.5~2mg/L, EZA|R L 5~13mg/kg2 2 H3}I7|= D=

e e ™

k

>

HSEX| LEES0 (X2t QPG| R dA2IX} &2 35



o BX| ") et (1)
* H1EHA
> S2X| 2Aol| X[5t= SES 1215101 PRB BA| Mx| Y 1N Zofl 67t 2E 2F XI5k R LK

>

* M2EA » BX| L LEEL X2
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o BX| gz} wet (2)

* MISTHAl » CFE2ISH HE

EHIE > H=xi2|
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2HE (KERP PJ), _a=

o
FHOIE &=
% FSI0|E (KERP PJ)
7 Oin|2 Qlol EU A
: 22,500,000 HHE

THo =z [HREe &
QEOZHE| 82 95 U U
ok o Tro 22.652,500m*, S=2F

2
of 7007 RE<2
— RRS4 HA(4%r), SHEY:




KERP: Kuwait Environmental Remediation Program

Remediation Technology Workshop : KOC Contracting

“Resloring Kuwait Treasures” 25 January 2015

KOC Contracting

KOC Contracting Cycle for KERP Projects (Total 360 days)

In 1998, UN "F4" Panel appointed

Preliminary site investigation (CIC)

Recommendations
Landfilling and in-situ bioremediation

=)
peo

e
\-3""30“
co®

Remediation Technologies

Where are we today?

Cost ($)

Throughout (nm?)

Sustainable
Remediation

TPH Reduction (%)

Typical Remediation Scheme

Steps to Ensure Success

26M m? by 2020

ECOpk{le g0



Introducing the Total Remedial Solution Concept

€ Y
Current Schedule b4

Low ~ (TPH CONCENTRATION)

<" ~TPH 1% — 5%4% ~TPH 3% — 7% ~TPH 5% —10% +{ ~TPH>10%

2015 2016 2017 2018 2019 2020

Enabling Works

Potential
_ Technologie

3 Potential / POl
REA

Treatment Remediation

Layer 2C Layer 2B Layer 2A Layer 1
[ J
1
Dry Oil Lake Features and Qil Contaminated Piles Wet Oil Lake

Remaining Landfill

2014 [ > 2020

L0 WAL CLEARAMCE

GROUND CHARACTERISATION o - | \

REMEDHATION/RBA
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Engineering & R&D &5 (NCC)

-

Position of NCC

Hazard Waste Treatment License

KNPC Experience

Technology

Local law, equipment, labor & utilities

Lovecall from every bidder * [71& OIT HIE :
O MUSD / '
= == A = (5'H)

—JVE Sl EYVI= == ° | &= =X Al
— Operating Trouble Shooting &t& gl Aleio] AlsH
— ot= EPC Fgi2l2l

— CH7| ob! o2& MEH OfF

‘ A

sli2lXI= Risk Hedging (2=

NCC's Expectation for ECP

Real Experiences on various Soil Remediation

R&D

Low Cost

(Hard Working, Fast...)
IA§reement

Lowest Bidding & Trouble Shooting

— o|2E2| dAX|5} H|E Z|A 35}
— S&/ai/els7t = EER
— Utility, Labor, License 2|
— HE=X 2/FH 22

— OIEL{O|HA| 1124
— X2 sourcing 7t=

J
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ICP/MS =H
Retort =X
Soxhlet =& (EPA 9071B Method &)

UERHEM 7|gn=

Rl %) (iR
&5 & &
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day 0 7 14 21 28

Brown (TPH mg/kg) 34,000 17,300 21,000 8,800 6,000
Dark brown (TPH mg/kg) 29,000 20,800 23,200 11,900 9,900

Degradation of TPH(HEM) - Brown Degradation of TPH(HEM) - Dark brown

40,000 40,000

35,000 2 35,000
B 30,000 \\ B 30000 ONC -
8 25000 g 25000 \ 4
s 20,000 T\ = 20,000 £
T 15000 I = 15000 T~
~r r ~ ’
= \

5,000 * 5,000
0 10 20 30 40
Time(days) Tme(days)

302! O|L TPH 30,000mg/kg » 10,000mg/kg O|st X|74
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Sample Collection
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Identification
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Crude Oil Degradation Test
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Oil Contaminated
Soil

BIP Biotreatment
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.= Electrokinetics : Food Security

Ve

1. Soil Improvement

Increasing of Water
Retention Time
Decreasing of Salinity
in Farm Soil

Application of Compost
Materials

Removal of Salinity in
Soil by Electrokinetics

TrialFarm with
Water Retention Improvement

ScaleUp

Commercial Scale Farming

Open Field & Green House Investment

— Electrokinetics

2. Organic Fertilizer

Water
)’
Utilizing of Organic
Waste

Decreasing of Chemical
Fertilizer

Decreasing of Salinity

in Groundwater

Raw Materials

-Manure compost

et -Green compost
-Humus
-Biosolids

Utilizing of Algae

Growth Condition
Light+CO2+Salinity (N/P)

Fresh Groundwater Biomass of Algae

Sewage Sludge (Biosolids)

Excess biosolids Bliregulation

Removal of Heavy
Metals by

Organic Fertilizer

Feedstuff

Heavy metal | Add Microbes Biodiesel

1
analysis | 2 ffective microbes

Composting

a Composting Maturity Test

Safe Compost

v ScaleUp

Commercial Scale Biosolids

Biosolids Production Investment

S
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x| ZRHE

Heavy-metal contaminated
waste sludge

recovered contaminants
. 2,500.0
electrolyte conditioning & hi
treatment by electrochemical
ion exchange

2,0000 -

15000 ~ m Acid Pretreatment

mTeat1
mTeat2

Conc. (mglkg)

1,000.0

5000 -

00 ~

Heavy Metal

Sanitary

Standard -
(Abu Dhabi) mg/kg-dry solid, ppm

As Cd C Cu Pb Hg Mo Ni se zn Zn:2,270mg/kg

Bl  Unrestricteduse | 20 1, 400 150 300 1| 20 6o, 3 300 — EK Treatment (2weeks)
B2 Controlled use 75| 20| 1,000 1,000 750 | 10 75| 300| 50 2500 — 548mg/Kg
Sewage sludge -1 15 119 | 412 -1 - - 72| - 1,980
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/= Global Frontier Project : Dust Control

Natural Source

Treated Sand Soil MICP Technology
\icrobial Sporosarcina Fibers
Induced p ! Polymers
Calcium Pasteurii
Carbonate

Depth of treated sand : 7~12cm Precipitation

Treated Silt Soil (sand storm)

Bio-Mineralization
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= Global Frontier Project : Advanced Biomass R&D Project

r

- Biomass Project Background
- Facing energy crisis caused by eco-crisis and high oil price result from the global warming

- Under the low carbon green growth paradigm, multilateral effort are need to cope with global

climate change
Carbon cycle economy based on biomass
.

High oil price Wood Brown Field
I,

‘ E Dispose of organic
3 waste water
(NHe*, NO3", POs¥)

Algae  Open Pond Heavy metal
absorbe

Reduction

Energy crisis J
o e -
AR '(Q 1. Biofuels
3\ 2. Commodity
Chemical

Ecophile : Develop concentrated microalgae cultivation

ECOPk{ e
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