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1) 1998 12
1999
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DAMA

Manuel Felipe Olivera
Drako Arturo Reyes
José Miguel Rincén
Jorge Diaz Arrieta
Adriana Hernandez
Raul Méndez Contreras
Alicia Acufia

Fernando Molano

Director, DAMA

Subdirector, DAMA
Subdirector, DAMA
Profesional, DAMA
Profesional, DAMA
Profesional, DAMA
Profesional, DAMA
Technician, DAMA
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Juan Amarillo

4-1
4-1-1
12 30 4 13
1,139 3
3 2
3,000
Magdalena
75
Santa Fe de Bogota
13,000
Tunjuelo 370
1,200
4-1-2
1)
2,600

66 50 79
4
3 1
Cauca
2,600
130,000

14.5

01

Saritre Fucha

1.1
24.3



(2)

3,000

11
10 11
100 130 / 40 60 /

550 1.300

®3)

74

4-2-1

1997
, 770 1997
58 20
95
DAMA
SANTA FE DE BOGOTA”

1993 4,945,448

1985 3,982,941

1973 2,571,548

1964 1,697,311
20

4-2-2

1998 6

12
57

74 70 68
56 48 51

1998 1.7
14 8

1996 “ ATLAS AMBIENTAL DE
1993 5,726,657 1995 6,314,305
1993
5,484,244
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4-3-1

1995

4-1

1998

APEC

GDP

1998

4

1996

10

1995



4-1 GDP

91 | 92 | 93 94 95 96 | 97 98
42 1-18| 32 |04 |52 ]02|-07]| -01
-06|-39|-1.7| 16 [178| 7.7 | 44 | 149
2111948 | 32|10 |-27| 25| -1.0
03 |73|182(19.2| 52 |-05]| 0.2 | -13.2
0426|9161 |52]-03]|30]| -0.1
45141| 71 (106| 45 |47 | 32| -3.0
36 52|40 | 70|60 |45|51| 1.7
21135 |53 |57 |54 |21|21] 02

1998

50
1980 “ 10

20
4- GDP 4-2

4- GDP (Historical)
1980 -1995

(From Forbes February 24, 1997)



4-2 (Historical)
1970 — 1995

3.05

3.0

3.5

(From Forbes February 24, 1997)

GNP 18
70
4-3-2
1997
1998
1998
1999 2 22 1998 GDP 0.2
1931 4
5.7 1.9 0.1 4.8
13 3
5.7
0.2




1999 GDP

1999

US
GDP 6.0
1998 7

15.7

1998
DTF 90

1999

3.6 Dbillion

20

23 25

-4.85
1999
50
1998 20.7

16.8 1983

1998 1,550

6.0

4-2

-12.5
30

1.9
1999
1
15.8%
10
1998 1
DTF
16
1997 1
25

1998

11
1998

1,000



4-2

97/1Q |20 |30 |40 |98/1Q |20 |30 [4Q |99/1 |2
228.0 |215 |177 |168 |158 128 |120 |127 |111 |109
/ NY
GDP
15 US$
4-3
1998 8
6 1999 2
2002 GDP
5.2 15 GDP 4.8




4-3

1995 | 1996e | 1997e 1997/98 | 1998f | 1999f
Latest
period
(mn) 35.81| 36.44| 37.07 37.66| 38.27
Total GDP (US$bn) 80.40| 85.68| 94.44 97.18| 97.73
GDP (%) 5.4 2.1 3.1 4.8| Jan-Mar 2.9 4.2
("000b/d)* 585 628 650| 725|Jan-Mar 790 840
(%, end period) 9.5 11.5 12.0/ 15.8| Jun 15.0 12.5
/ (% of GDP) -2.6 -4.1 -4.6 -1.5(Jan-Mar -4.5 -3.5
(%) 1.2 Jun
(end period, %) 19.5 21.3 17.7] 20.7 Jun 19.0 18.0
90 (ave period, %) 32.3 31.1 24.1] 36.8] Jun 28.0 21.0
(COP/US$, end period) 988 1005 1294 1378 Jul 1530 1770
(FOB, US$bn) 10.22| 10.65| 11.52| 1.72|Jan-Feb 12.2 15.2
(US$bn) 1.83 1.58 2.26| 0.33|Jan- Feb 1.5 2.0
(US cents/lb, ann. Ave.) 141 118 187| 112.1| 27 Jul 115 125
(US$bn) * 1.99 2.55 2.28| 0.19| Jan 1.9 2.8
(FOB, US$hbn) 12.92| 12.78| 14.40| 2.53|Jan- Feb 15.8 17.2
(USS$bn) -2.70 -2.13| -2.88| -0.81|Jan-Feb| -3.60| -2.00
(US$bn) -4.38| -4.82| -5.52 -6.00 -3.8
GDP -5.4 -5.5 -5.8 -6.1 -3.9
(excl. Gold, US$hn) 8.10 9.60 9.51( 9.07| 3-Jul 9.4 10.8
(months) ** 7.0 8.4 7.9 7.1 7.5
(US$hbn) 15.13| 15.94 17.0| 16.77| Jun 18.5 19.5
% 148 150 148 152 128
(%) 25.2 24.8 16.9 17.1 18.0
ok
elf= /
*
*k cif).
k% /

: ANDEAN GROUP August 1998 (IMP. Banco de la Republica de Colombia, DANE,

IDB ,BMI)

4-3-3

DAMA

ACERCAR




1) 50

2)
3)
4)
4-3-4
(1)
1998
Ecopetrol
Prudhoe 1992
Cusiana 25
OPEC
Medellin
(2)
Cerrejon

(3)
D

2)
3)

EL



4)

4-4

Colombia 1992

Cartagena-Mamonal

1995
4-4-1
DAMA 1997
459

1995

1996

1998

SST BOD

Contaminacion Industorial en

1998~
Oarente Antiogueno
100
1,200
3
" 1998 7 DAMA
5x 50x%

39%



29 14 4
88
73 10 86 30
10 20
40
X (50 X
DAMA
4-4 DAMA
4-4 DAMA
1997 1998 DAMA
SST 37 32 800 mg/1
BOD 44 44 1,000 mg/1
COD 45 41 2,000 mg/1
PH 21 24 5 9
53 49 100 mg/1
44 38 2 ml/1 hour
1997 1998
DAMA
4-4-2
1990 1991 JICA
60
10
DAMA 1996 1997 8

30



10 DAMA
NO, co
NO,

4-4-3

DAMA

4-4-4

DAMA
1998 ELDORADO
1999

ATRAS AMBIENTAL DE SANTA FE DE BOGOTA 1997 DAMA

1993

1997
CENSO NACIONAL DE POBLACION Y V DE VIVIENDA 1993

)

1992
1998 4Q
Forbs 1997 2 24
“ " 1999 2 22
1998 4Q 1999 1Q
Investing, Licensing & Trading in COLOMBIA The Economist Intelligence Unit
1999 1

Cleaner Production-Advances and Perspectives, 19950 1998 1998
Follow up and Monitoring of Industrial Sector’s Effluent in Bogota 1998 DAMA

4-12






“ 7 1993
99
1993 11

€y
99

(2
20

1992
12



)

“ The Sustainable Development”

©)

100

300

5-1-2

5-1-1 99

(1)

1994 1753 1995 2150

100

(2)
1) 1995 948 2107

@

(b)2001 1 1 1.7



2) 1995 23 898

3) 1995 11 13 1351

1E-1

4) 1996 005

5) 1997 619

6) 1998 13 045

®3)

1) 1984 1594

SS 500mg/ 100mg/ 10 mg/

2) 1997 1074

3) 1997 10 055

4) 1997 6 6 373

5) 1997 12 30 3102

(4)
1986 2309 1995 605

(5
1997 901 1998 378/98

BOD 46.50 /kg 53.40  /kg



TSS 19.90  /kg  23.60  /kg

5
EAAB
(6)
1967
1968
1970
1971
1973 “
” 23
1974  * ”
1992 1993
99
99 1995 DAMA
4-3 DAMA
DAMA
5-1-3
€Y
5-1
D
1984
1594



pH O,

1993
BOD COD SS

(CAR) 1987
4
5-2  Cundinamarca

BOD SST



5-1

0.01 0.0 — 1.0
N.D 0.2 — 1.0
0.01 0.05 — 15.0
0.05 0.05 — 1.0
0.01 0.05 — 75unit
0.0005 0.002 — 0.002
N.D — — 10
N.D N.D H 6.0/6.5 5.0-9.0
/ 8.5
0.03 — — 0.05
0.01 — — 400
0.002 — — 0.5
0.02 — Coliforms | 50-5,000 20,000
1,2- 0.004 — BOD 1 10 —
(COD) 1 8
1,1,1- 1 — 25 100 —
SS 1 15
1,1,2- 0.006 — 7.5 —
1,1- 0.02 — — 250.0
1,2- 0.04 —
1,3- 0.002 —
0.006 —
0.003 —
0.02 —
0.01 —
0.01 0.01

1993
human & domestic, flora/fauna preservation, agricultural,
livestock, recreational, industrial, transport



5-2 Cundinamarca

Item Class A Class B Class C Class D | In Japan(river)*
BOD4 5 16 30 108 1,2,3,5,8,10
SST 300 300 300 300 25, 25, 25, 50, 100, -

H 6.5~9.0 6.5~9.0 4.5~9.0 4.5~9.0 | 6.5~8.5, 6.0~8.5
0, 6.0 5.0 2.0 75,75,5,5,2,2
Coliform 5,000 5,000 10,000 50, 1,000, 5,000, -,-,-

*6 categories

(2)

5-3
D

1984 1594 * ”
BOD 50
80 5,000ppm
1,000ppm 50ppm 10ppm

50mé/




5-3

0.1 0. 5.8 8.6 5
1 1.0 2 —
0.1 0.5 3 3.0
0.5 0.5 5 —
0.1 0.5 0.2
0.005 |0.02
— N.D 30 80
0.003 | N.D 10 —
1 0.1 10 —
0.3 1.0 15 —
0.1 — 16 —
0.02 1.0 120 —
1,3- 0.02 — COoD 160 —
0.03 — BOD 160 20
80
1,2- 0.04 — SS 200 50
80
1,1,2- 0.06 — Coliform 3.000 —
0.06 — — 1.0
0.1 — — 0.1
0.1 0.5 — 5.0
0.2 — — 2.0
1,1- 0.2 1.0 — 0.5
0.2 —
1,2- 04 —
1,1,1- 3 —
— 0.05
— 1.0
50m?®/




2)

1997 1074 5-5
1074
1594
5-4
UCH 5-4
BOD COD
UCH
5-4
Group 1
Group 2
Group 1 UCH1
UCH1 CAG-CnAG /CnAG
CBOD- CnBOD /CnBOD CSST-CnSST /CnSST
Group 2 UCH?2
UCH2 CT-CnT /CnT + CAG-ChAG /CnAG
CBOD- CnBOD /CnBOD CSST-CnSST /CnSST
C: Cn: DAMA
T: AG: BOD: BOD5 SST: SS
UCH :UCH1 UCH2 -
0 1 72 1 7/ _
0 2.5 1 7/ 1 7/
2.5 5 1 /4 1
5 1 1




5-5 DAMA 1074 1997 10 28

mg/L

As mg/l 0.1

Ba mg/l 5.0

Cd mg/l 0.003

0.1*

mg/I 1.0

Zn mg/l 5.0

mg/I 1.0

Cu mg/l u 0.25

mg/l 0.2

0.05*

0.1

Cr mg/l 0.5

Cr mgl/l 1.0

mg/l 1000

1.0

N.D**

mg/| 2000

mg/l 100

Mn mg/l 0.12

Hg mg/l 0.02

Hg mg/l N.D**

Ni  mg/l 0.2

5.9

Ag mg/l 0.5

Pb mg/l 0.1

Se mg/l 0.1

SS mg/l 2.0

SST mg/l 800

mg/l 1.0

mg/l 1.0

mg/I 1.0

<30

mg/l 0.5

**




(3)
1)

2 31 19 167
1 4
(23 ) BOD COD SS
200 pH
coD
337
5_
50 9
coD kg/
3

19

87

COD

115



5-6

m®/ COD - kg/
400 20
200 400 7 1 4 9 1
10 3 1
100 200 14 1
50 100 30 1
77
BOD 1 1
5
2)
pH COD
pH COD SS 1 BOD
4
pH COD BOD SS 4 3
pH 1 SS COD 1
1 2
1
3)
1980
22 5,000m?
COD
COD




Temp. H BOD COoD SS M.oil /
V.oil, Fat
¢C) (mgll) (mgll) (mgll) (mgfl)
DAMA 30 59 1000 2000 800 100
Japan(min.) 1) —| 5.8 8.6 160 160 200 5/30
To sewage 2) 40 5 9|600(300) — | 600(300) 5/30
Tokyo 3) 40| 5.8 8.6 20/25 20/25 40/50 - /10/10
1) 40| 5.8 8.6 60/90 60/90 | 120/160 -/10/10
(existin 1972) 3)
Italy(target) 30/ 3|55 95 40 160 80 5/10
Portugal 30| 6.0 9.0 40 150 60 15
Belgium 30| 65 9| 15 30 — 60 —
Swiss 30| 6.5 8.5 20 | Local Gow. 20| 20/L.Gow.
Indonesia 35 6 9 20 40 100 1/1
38 6 9 50 100 200 5/10
40 6 9 150 300 400 10/50
45 5 9 300 600 500 20/100
Malaysia 4) 40| 6.0 9.0 20 50 50 0/0
40| 6.0 9.0 50 100 100 10/10
Thailand 5) 9| 20 60 60 | 30/60/15 5
0
Vietnam 40 9 20 50 50 5/0
40 55 9 50 100 100 1/10
45 5 9 100 400 200 5/30
Philippine 3160 90 80 150 90 10
(exist plant)
3165 9.0 50 100 70 5
(new plant)
India 5155 9.0 30 250 100 5
50M3/
BOD SS
1/4 300 300
1/4 600 600
3) 500M% ~/ 0~500M%
4
5) 60M%




(4)

1984 1594
1997 901
1998 372
BOD  46.50 /kg
TSS 19.9 /kg
DAMA 1997
1 DAMA
2
3
4 BOD SST
5
250 / 40
/ BOD 1,000ppm TSS 800ppm 10m*/
600 / 45 /
7
99 42
1984 1594 BOD TSS 80
20 1997 1074 BOD 1000
SST 800mg/i
5-1-1 4 99 85
300 1999
71 /
GM



901

32
5-2
5-2-1
(€H)
223
1995 1998
297
1
2
3
4
5
6

5
DAMA 1998
BOD TSS
10 1558
1995
50
212
15,761



(2)

DAMA
ACERCAR ACERCAR
ACERCAR
117
DAMA
1 ACERCAR
DAMA ACERCAR
18 ACERCAR 1,100
2 FRATI
FRATI
369
DAMA IFI
1999 IFI DAMA 1,800
5-8
100 co-financing
ACERCAR
5-8

1996

1996

DAMA

5

600

31

8,000

50



5-8 FRATI co-finance
Type of Action % max. co-finance
80
100
70
80
50
1996 1999 2 5-9 14
5-9 FRATI co-finance
1
2
3
4
5
6
7
8
9
10 | Waste Interex
11
12
13
14
15
16
3 IFI-DAMA
-1
DAMA 1F1
DAMA FRATI FIDUCIAL IFI
ACERCAR ACOPI
ACERCAR



2 100 1,000
3 8 1998 5
10
DTF 35 5 38 40
IFI DTF 35 1 8 27 34
13 40 27
DAMA DAMA 1999 IFI DAMA
1,800 DAMA IFI
0 5%
1999 18
4) DAMA
DAMA 1999 1,300
13,500 8,000
DAMA 5-10
DAMA FRATI FRATI
FIDUCIAL 7 8
5-10 DAMA
Organization Purpose Budget in1999 Reference

ACERCAR Technical assistance 1,100 million Pesos | Its Operating cost
in 18 months (Design, Adm.)

FRATI Pilot project 8,000 million Pesos | Grant for project

IFI Improvement 1,800 million Pesos | Credit for project

Extra-Budget

Industrial park

1,300 million Pesos

Planning cost




DAMA 1,500
3)
22

1)
(a)
a)

1960

1993 5
b)
1997
385

1965

1,468

10

395

1997

100

8,211



(b)

(c)

(d)

(e)

()

10

1997

(1S014001)

1SO14001

1965

1988



1990
1998

2)
(@)

(b)



5-11 1999
5,000
1 1/2
1,000
5,000 7
1/2
0.5m2 4,000 7
m2 1/2
3,000 7 ° 10
- 1
° 10
3
°
- 1
8.000 15 °
- 1
°
2/3
1999 2 2.9




5-12

1)
18%
o 1/2
o
1/3
( ) | ©
1/3
o 2/5
o 1/3
2)
5-2-2




€Y

&)

€Y)

&)
®

50 m®

@

-24

COD

DAMA

1,000 m®

24



1998

9
200

1ISO14001

5,700
81 2

BOD SS

1,238

650
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@

)
@) 1,000m3/
o
o
o
1
20
5-14 (1972~)
1 3
10




5-2-3

ACERCAR

5-2-4

€Y)

Ecopetrol

DAMA
1998

DAMA

5-2-5

ANDI

DAMA

1997

1995



5-3

5-3-1
1993 99 55
26
100
673 1 DAMA
DAMA
DAMA
DAMA
5-3-2
(1)
1994
Licenses

100

SINA

CAR

1995

Environmental



1994 “ The Social Jump”
Development Plan

1997 8 " National
Policy of Cleaner Production®
1998 3

ACERCAR

)

1998 3

1)

2)

3)

EMPA



4)

I N MO < IO © N~ ©

5)

14000

6)

5-30



7)
1 100
2 25
3
4
5
3)
5-1-3
1074
DAMA
DAMA
(4 ACERCAR
ACERCAR 1996
DAMA
ACERCAR 1

8
2001 1
400
30
DAMA
DAMA
DAMA  ACERCAR

1997

20

1997

10

28

FRATI

IFI-



FRATI IFI-DAMA

ACERCAR -
11
(5)
DAMA ,
1906
1989 1994 8
lyonnaise des Eaux — Degremont (Build)
(Operation) (Transfer) BOT 1997
Bogotana de Aguasy Saneamiento BAS
DAMA
BOT
DAMA
Salitre Fucha Tunnjeliro
5-1
20 27



Stage | Phase Y E A R S
1 3 |4 |5 (6 |7 |8 (9 |10 |11 {12 |13 |14 |15 |16 |17 |18 |19 |20
(1)
(A 1
(E)
(3)
(E)
(1)
(B 2
(E)
(3)
(E)
(1)
(C 3
(E)
(3)

(  EL SALITRE FUCHA ( TUNJUELO () EVALUATION
2)
5-15
5-15
PARAMETER SALITRE FUCHA BASIN | TUNJUELO
BASIN BASIN

BOD, (mg/1) 275 494 270
TSS (ng/1) 356 476 357

(m*/s) 5.7 7.1 3.9

(m*/s) 14.1 17.7 9.6
3)

a) Phase I: Primary Treatment

BDO,
TSS

= 40%
= 60%

b) Phase Il: Secondary Treatment(

BDO,

= 20 mg/l




TSS =30mg/l
BOD 270 500 TSS350 470 mg/l
BOD TSS 40% 60%
2 BOD 20 TSS 30mg/l

5-4

5-16
5-4-1
1)
1)

5-2
1984

2)

(CAR) 1987

11



5-16

1.
1) 1)
2)
(2 1)
2) 1/2
3)
4)
5)
(3 1)
2)
BOD,SS 3) COD
2.
1) 1)
(2 1)
3 1)
4) 1)
3.
(1) (CP) 1)
Windows 2) Windows
2 1) CP
ACERCAR 2) ACERCAR
3) ACERCAR
(2)

1984




1074 DAMA

DAMA BOD 1,000, COD 2,000, SS 800 mg/I
BOD 160, COD 160,
SS 200mg/I
BOD COD
BOD COD 5-17
5-17 BOD COD
BOD CcoD oil Ss
(mg/) (mg/l) (mg/) (mg/1)
DAMA 1,000 2,000 100 800
(50m? 160 160 30 100
)
600 30 600
300 30 300
DAMA 500 1,000 50 400
1.
DAMA




BOD 160 mg/l x 50 m*/day = 8 kg/day

COD 160 mg/l x 50 m®/day = 8 kg/day

Oil 80 mg/l x 50 m®day = 4 kg/day

SS 100 mg/l x 50 m®day = 5 kg/day
DAMA

BOD 8 kg/day / 1,000 mg/l = 8 m*/day

COD 8 kg/day / 2,000 mg/l = 4 m®day

Oil 4 kg/day / 100 mg/l = 40 m*/day

SS 5 kg/day / 800 mg/l = 6.3 m®day

m?3/ DAMA
DAMA
DAMA m?/
mé/
mé/
63 %
10 80 %)

Salitre Fucha
BOD 400 mg/l
100 200 mg/I

DAMA

DAMA



BOD 500 COD 1000 SS 400 mg/l

43 %
25 % m¥
40 %
10 m®/
3.
80 30
3)
” 20
DAMA
1997 901 5
10
21
COD
5
5-18
5,351
1,211 4,140(4,140)
226(35) 985(442)




3)
1997

1999

400mé/d 14
3
(400m*/d

901

99

600

COD kg/d 400m?*/d

100 200m%d 30

) 2 400m¥d

30 50

50 100m®%d

20

DAMA
80

kg
40

200

75



BOD SS
BOD SS
901

BOD SS COD

BOD SS COD

F BOD+COD / + SS+ 6x

5-4-2
(1)
1)
IFI
2)
DAMA 1,500
IFlI- DAMA
(2)
5-2-2



(3)

1970 0.01%

ACERCAR

(4)



5-4-3

(1)

1995

“ Sustainable Development”

ACERCAR “

DAMA

(2)
DAMA  ACERCAR

80

Windows”

100

DAMA



ACERCAR

“ Windows”
ACERCAR
5-4-4
5-4-1 5-4-3 5-16 DAMA
DAMA
7
10
DAMA ACERCAR

(1)



(2)

ACERCAR

1)

2)

DAMA ACERCAR
DAMA  ACERCAR
3)
S
4)
DAMA “
FRATI
5)
DAMA

DAMA

DAMA ACERCAR

QC(Quality Control)
ACERCAR

QC



6)
10
DAMA ACERCAR
DAMA

(3)
ACERACR
FRATI

5-2



5-2

o9 -G

1) — e
@) — e
(1) I —_— | —
CAR — — | —
) — —>|—
DAMA  (BOD ) 1/2
(3) > <
“) — >«
1) ACERCAR — 7
ACERCAR —
2) ACERCAR — —
(3) FRATI FRATI
(4)
(5)
ACERCAR — —_—




Cleaner Production-Advances and Perspectives, 1995 1998 (1998)
Follow up and Monitoring of Industrial Sector’s Effluent in Bogota (1998) DAMA

Environmental Legislation in Colombia (1997) DAMA (CD- ROM)
99 (1993) 23 (1974)
1594 (1984)
2309 (1986)
901 (1997)
273 (1997)

1074 (1997)

1558 (1998)
CAR 58 (1987)
Cleaner Production-Advances and Perspectives, 1995 1998 (1998)
“EL SALITRE” Wastewater Treatment Plant BOT
“Rediscount for Micro &Small Company’s Environmental Reconversion in Bogota”

IFI-DAMA brochure
ACERCAR brochure
Cleaner Production Center brochure
FRATI operative regulation of director’'s committee
IFI-DAMA application list studied by ACERCAR in 1999
10






6-1
6-1 (1).(2)
6-1-1
1.
2.
3.
4.
5.
6.
6-1-2

10

6-1

37



6-1 (1)

Observation

Answers for

Inspection of data

Discussion with

of factory Questionnaire & documents factory members
Recognize :
current Outline of factory, production facilities & industrial waste,
condition Block flow diagram, Material balance, Production Management, etc.
Review, scrutiny and Discussion with Collection &
arrangement of data, factory Analysis of waste
information & records members water samples
f Identify ¢
current Problems with production process
problems Problems with industrial waste

i Recommend measures
to correct the

problems

i Identify potentials for

improvement

Select model factories

for detailed factory audit

v

Quick recommendations for
1. Industrial pollution abatement

2.Production process improvement

v

v

(1) Environmental impact
(2) Potential for process improvement

v

Evaluation of detailed factory audit effect

Confirmation of Factories’ willingness to participate

v

v

|| Detailed factory audit ||

v

6-2

|| Follow-up audit




...karmulate. & nrepare

current

Execute detailed

factory audit

Recognize y audit

6-1(2)

|| Detailed factory audit ||

Review & analysis of premises for factory audit;
Formulation of detailed plan for factory audit (measurement,

field investigation, personnel allocation, schedule, etc.);

v

Explanation, discussion & request for cooperation of

Necessary preparation work

detailed factory audit plan with the model company
v

v v

Measurement & Analysis: Field investigation:
Monitoring of operating Drawings, detailed specifications
conditions of facilities; Identifying problems by observing

Collection of records of operating conditions;

measurements and Relevant data, information &
operation records
A 4

Identify problems

requiring

Review, analysis of results of measurement and field investigation:

Identifying problems and judgement on necessity of improvement

! countermeasures

v

Scrutinizing items for improvement and explanation,
confirmation with the factory

v

Assess and
recommend

! countermeasures

Calculation and analysis of the effect of Process Improvement &
End-of-Pipe technology improvement:
Examination and selection of proper countermeasures:

Estimation and prediction of the cost & effect of the improvement

v

Reporting

6-3




6-1-3

@) DAMA

(1)
UNEP

(1)
()
®3)

6-4

QUICK RECOMMENDATIONS (1)



(@)

(b)
(©

(2)

(3)

1)

COD
H
p

2)
3)

4)

6-5



5)

6)

7)

8)

-2
6

6-6




6-2

1997 DAMA 1074
DAMA
6-3
6-3-1
6-1
6-1
No. Name Model Uses
1 | Water Quality Checker | Horiba U-10 Analysis on pH, Conductivity,
Dissolved —Oxygen, Turbidity
And Temperature
2 | Spectrophotometer Shimazu UV-1203 Analysis of ions in water
(CN)
3 | Oil Content Analyzer Horiba OCMA-310 Analysis of oil in water
Horiba SR-300 Solvent recovery for OCMA-
310
4 | COD meter Central Kagaku Analysis of COD¢, in water
HC-507
5 | Electric Balance Shimazu BL-120H Weight measurement of
water samples and reagent
No.1
No.2-5 Corporacion Colombiana de Investigacion

Agropecuaria (Corpoica)

6-7




DAMA

6-3-2

INGENERIA Y LABORATORIO AMBIENTAL LTDA (ILAM)

ILAM 6-2
6-2
. Fats & Oil Soa .
ITEM Textile Refining Pmdufing Plating
Electrical Conductivity o o o o
Turbidity o o o o
Greases & oils o o o o
BOD o o o o
COD o o o o
Suspended Solids o o o o
Total Nitrogen o o
Cyanogen o o
Settable Solids o
Total Chromium o
Zinc o
Copper o
Nickel o
Tin o
Surfactant o
Phenol o
6-4
6-1-3
6-3
6-3

6-8



6-3

1. Materials
Material Specification Unit  Volume | Unit Price Remarks
(Weight) (Pesos)
(1)Concrete block 20x20x40 1 piece 1,160
(2) Cement White cement 1 kg 700
5000psi 1 m3 240,000
(3)Structural Steel
(Channel) 4"x4” m 48,000
(4) Steel Plate Thickness:
4ftx8ft m 50,600 20
(1.22mx2.44m) 40,000 18
(5) Steel Pipe
Diameter 25 mm m 5,500/17,000 | Standard
(C.S/ISUS) 50 mm m 8,800/27,600 | length
100 mm m 18,800/69,800 | (6 )m
(6) Gate Valve(Carbon Steel)
Diameter 25 mm(linch) 1 Unit 32,300 | Bronze
50 mm(2inch) 1 Unit 65,000 | Bronze
100 mm(4inch) 1 Unit 727,000
200 mm(8inch) 1 Unit 1,6000,000
2. Equipment
Equipment Specification Unit Price | Domestic /| Remarks
(Pesos) Import
Motor (Output) 0.75 kw 170,000 | National 3,600 rpm
5.5 kw 498,000 | National 1,800 rpm
11 kw 714,000 | National 1,800 rpm
Pump 50 GPM 210,000 | Domestic 1 1/4x1, 1/3HP
(Centrifugal (190 L/m)
Type) 90 GPM 395,000 | Domestic |1  1/2x1  1/2,
(340 L/m) 2HP
20 m*h 2 kg/cm? 2,386,000 | National 3 HP motor and
SUS 304 for water
Compressor 15 HP 54.3 CF/M 3,485,000 | Domestic No IVA 1.5m*m
10 HP 40.5 CF/M 2,950,000 | Domestic No IVA 1.1m%m
3. Insurance
Type Premium Rate
Construction Insurance 2 % building value
Workmen's Compensation 0.348-8.7%
Equipment Insurance 4% equipment value

6-9







3

Empresas
Tintoreria Asistex
Hilacol
Arabados Informales
Tintoreria el Dodado
Protela
Hilanderias Bogota
Icobordados
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7-1
-1-

1999 10
Enka
(Medellin)

50
50%,
7-1-2

(Barranquilla)

1997 20
100,000

“ El Tempo”
10
"Coltejar” 73,128
"Enka Colombia” 24,487
24,441

40%

(Cali)

20%



OVETT DS L, WTRHERTIA SN D K 92 TeT2, Bz R =27 Ul T
LE-T-,
7-1 [ IHAEDUNFE R DOHERS 273~ H DT, 1997 AE(ITHRIEIID 70% F THEHIAA TN D
Z bbb,

7-1 FIEDIHERHER

12000
10000 .

8000 BN
6000
4000 AN

2000
o 1 1 1 1 1 1 ]

1990 1991 1992 1993 1994 1995 1996 1997
FE

HESE ton/year

7-1-3  HHEOENTS

anETICRIT S AN OHENE BRI 5ke THY ., ZIUTFEREEER 180,000
NATHEYET D, ar BT DRHEOTHE N F — 3K T-1, K T2 1T-THY ThH D,

K711 WHEOEFHINEERE D

Type of fiber Consumption / year ( tons ) Ratio (%)
Cotton 99,000 55.1
Polyester filament 31,200 17.3
Polyester staple 20,600 11.4
Acrylic fiber 10,500 5.8
Nylon 10,000 5.6
Wool 3,400 1.9
Lycra 3,000 1.7
Cellulosic fiber 2,100 1.2
Total 179,800 100




#£7-2 FgRIOEEE"Y

End-use Ratio (%)
Apparel 76. 2
(Woven 45.1)
( Knit 37.1)
Home Furnishing 15.5
(Woven 12.0)
(Knit 3.5)
Industrial 8.3
(Woven 6.9 )
(Knit 1.4)

7-1-4 B5

7-2 BEIOK 7-3 13FaEOMHERL O— GG 2R LD, fils (k- ) 12T
F% & 1993 FFLFI AR & 72> TRV | @H2MRE T 5 DITKE L Tl ADMEINT %
Bz dh b5, 73 UTOWTIE, JEEIICERH S RAZ Eal > TOD A3, Z0ZETHR % 1T
FVOOH D, 5% L ZNHOMEITHS O LB, ERCIIERIRATRD TN D,

B 7-2 WHERLOESME (hR) 7

—
A

0 1 1 1 1 1
1991 1992 1993 1994 1995 1996 1997
FE

B 7-3 WHERROESHE (T3L0) P

8 400 —— it
< 300 ——EA

1991 1992 1993 1994 1995 1996 1997
FE

7-1-5 REMEDARE



7-4 1 IEOT DA RAFEREOHEIS 2 7R LT D, 1996 4FF CIIAERIFIERIHONC & T
%y UL, FEHETIIESH TR, 1997 FELII T2 AFEENME T LTV 5,
X 7-4 AR OEFERHER

860
840
820
800
780
760
740
720

700
1990

—

—~ >
Y S—

10%m2/ %

HEE

1991 1992 1993 1994 1995 1996

a v ETINIEBIT DEEHEDAPE EVEEI IR R TII NN T A LTS, fahc kb &, AR
— X TOREFERIT, 836,000,000 FJ7 A — R T, 194,000,000 F-J5 A — MR ST
WAHA, A E 206,000,000 J5 A — RV OT, IFTEHEAMAZE L WD, T UL,
AN Ty J AEOACFHREMENTSR E DA T D D,

7% 7-3 1R T X i TEOMERAEREE R LTS, ZOERMIRTEIIZ, KT

SN G o & B S IRWD TR & 7p > T g,

K 7-3 NI ZHETEDRTERIAEER (ton/day in 1997) ?

HlMEDTRE k) ) &t R (%)
RY 2571 20,076 6,388 26,964 43.00
b 2,448 13,560 16,008 25.50
T UL 6,556 3,876 8,021 12.85
FA e, FAa AT 720 4,416 5,136 8.27
WY T ATV 1,156 1,560 2,712 4.37
Z OIEHG 480 1,788 2,268 3.62
TET—h 864 180 1,044 1.66
77—l 408 48 456 0.73
aF 30,300 32,316 62,616 100.00

7-1-6 {EMEY T2 X —DOFTRAeX

an BB HHE LEO TR TH Sk - e ORBHNHEREE & APERITR 7-4 \TRT
EBVThD, AFEEITAT VUM 49% % HDTBYARIT XN 39% LR L TW\D, ZDfh
TRV IVEOERSTHBMESER S AEPEREITSR 7-5 (R LTn, ZOHECIIA 24 OB,
AFER L HE L o TND,



1)

136 167 28 331
(10°m?% ) 399 322 90 811
(%) 49 % 39% 12% 100 %
7-5 2
84 89 8 79
(10°m% ) 37 75 12 124
(%) 30 % 60 % 10 % 100 %
7-6 80
250 t/ 60% 200
50t/ 15 27 85% 15% 50t/
53
70
Puente Aranda 70 %
7-6(1) 2)
ton/month ton/month
400 550 1. Protela 4. Textilia
2. Lafayette 5. Colortex
3. Manufacturas Eliot 6. Hilacol 6 3,010
250 1. Textiles Miratex 2. Tintreria Asitex 2 500
120 190 1. Textiles konkord 4. Poltex
2. Hilanderias Bogota 5. Tintreria el Dorado
3. Hilanderias Fotobon 5 775
50 90 1. Tintex 6. Tapisol
2. Textiles Romanos 7. Hilat
3. Hilaturas Sinteticas 8. Textiles Ascot
4. Hilos Aguila 9. Win Lon
5. Swantex 10. Hilacolor 10 235
1. Confection del Oriente 3. Textalia
2. Ganittex Ltda 4. Natesa 4 235
50 ton /month 27 5,100




7-6(2)

30 40 1. Encajes 6. Tintreria Industrial
2. Temecal 7. Richi
3. Cintalast 8. Cermot
4. Jomican 9. Tenitex
5. Texlana 9
10 25 1. Isacryl 11. Nacional de Trenzados
2. Temecal 12. Industrias real
3. Indartes 13. Medias Italianas
4. Fieltoros y Partes 14. Incolmedias
5. Estanpados la Floresta 15. Medias Caron
6. Estanpados Ferraro 16. Donatex
7. Coltehilos 17. Rascheltex
8. Coltinturas 18. Bordicol
9. Cousin de Colombia 19. Profilact
10. Textiles Grancolombia 20. Manufacturas Saxony 20
01 7 1. Industrias Falka 13. Supertex
2. German Alvarez y Cia 14. Terciopelos y Peluches
3. Velamex 15. Hurquer Ltda
4. Novanylon 16. Super Boton
5. Textiles Ultrachic 17. Jaime Camacho
6. Engitex 18. Ramirez Gilberto
7. Tintreria Iris 19. Pascuas Millar
8. Alfitex 20. Icoboradados
9. Creaciones Periquita 21. M.P Bordados
10. Ind Chicco 22. Masias Luz Mery
11. Confectiones GoGo 23. Potes Ana Maria
12. Cootextil 24. Nevatex Lida 24
50 ton /month 53 655
80 5,755
DAMA 7-7
50 t/ 6 50 t/
7-7
(ton/month) (m¥day)
Tintoreria Asitex 250 190 800
Hilacol 430 380 1200
Acabados Informals 35 150
Tintoreria el Dodado 120 20 500
Protela 550 400 1800
Hilanderias Bogota 180 400 160
Icobordados 25 300 100
Konkord 195 70 1200




7-1-7

7-2 76.2%

30%

7-2

7-2-1

(1)

7-5
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90 % 15
7-8
3)
1)
1/25 10
1/10 1/6
Then Air-Flow 1/3
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7-8

23 15

55
Then, Theis ( ) Brazoil Scholl

JAtyc, C-Tex AFGC Hisaka
Roat-Steam, Guston USA. |Itm

Asia-Kingdom Fong's

8

3

6

6

2)

3) CCM

4)

(4)

1)




2)

3)

4)

7-2-2

(1)

7-10

1,500 pesos/m?
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79



7-9

4)

Equipment & Process
For Cleaner Production

Energy
Saving

Water
Saving

Reduction | Environme
of nt for
Pollutant working

Man-
hour
Saving

Improveme
nt of

Quality

Invest
ment

1.High
System

efficiency  washing

o} (¢]

e}

L

2.Low liquor ratio System

e}

3. High pressure & Continuous
Scouring System

4.Continuous raw Material

Feeding System

5.Non-contact Hygrometer &
Thermometer

6.Microwave Dryer

7.High Pressure Dryer

8.High Temperature Steamer

9.Cold Batch Bleaching

10.Cold Pad Batch Dyeing

11.Suction & Scattering
Dehydrator

nlnlnlZZZ vl Z rZ

12.Multi-cnveying Type Dryer

=
>

13.Auto Color Matching
System

(0]

14.Auto dye & Chemical
Weighing System

®
<

15.Auto Concentrate Control
System

16.Caustic Soda Recovery
System

17 .Waste Heat Recovery
System

18.Alkali Dispersion Dyeing

19.Alkali Hydrolysis Dispersion
Dye

20.Multifunction Reactive Dye

21.Recovery & Reuse of PVA

Investment:

(@)

1)

L: Large

M: Middle

S: Small

7-12




(b)

~ S~ Y~~~

~—

2)

— & M < 10

3)

— &N M < 1H O

7-13



4)

(@)

a)

— &N M < 1H O

b)

—PVA

(b)

714



a)

b)

— &N M < 1H O

S s I A (o B (o B

©
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(d)

7-6
50

40

)

1:7

7-16

50

1.5
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7-6

Dyeing Machine Hot Water Tanvk
NS B Raws

Hot Waste Water Hot Water Pump

Cold Waste
Water

< Raw Water
Vertical Plate Type
Axial-Flow ] Heat Exchanger
! Pump
Filter

Cold Waste Water Pit Hot Waste Water Pit



— &N ™M S

1)

15 1.7

1)

2)

3)
4)

2)

3)

(@)

pH

pH

(b)

7-18



(©
7-10

7-10 K
(%) (%)
70~95 5~30
60~70 30~40
VAT 80~95 5~20
90~95 5~10
50~80 20~50
80~93 7~20
95~98 2~5
97~98 2~3
85~95 5~10

(4)
1)

2)

7-19




(5) PVA
pH, SS, BOD, COD

COD
PVA PVA
COD
PVA PVA
COD PVA
COD
PVA PVA
1. 95 100% PVA
2. PVA PVA
3.
4.
7-7  PVA
PVA PVA PVA
PVA PVA
121.0g/m 130 m/min
401l/min  1.6% PVA PVA 0.04 %
PVA 0.63 kg/min
PVA COD 3,000 t/
900 kg/ PVA PVA
1t PVA COD
230 ppm PVA
COD 40ppm

7-20
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7-7 PVA

Desize Washer
Waste Wate PVA

Buffer Tank Coagulant
Solid liquid

—|\ Separater/\

’_IAL L\| W/ Dehydrater
Reaction | r‘ﬂ
Dissolution \\\J' Recovered
’_8_8_‘\5\ oA

PVA Reuse




(6)

7-8

1,500 m¥ 700,000 US$
m?® 1 US$

7-9



XA A

From Dyeing Process

/\I

Waste
\Water
Tank

Booster Pump

7-8

Filter
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top secret
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7-4

7-4

@

-1

7-10

pH
BOD
COD
SS

pH

PVA

BOD

BOD
COD

COD

COD BOD

COD

SS
pH
COD BOD
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oD

©)

pH 7-11
60

COD oD
BOD

60 90

COD



pH

7-11 mg/1
H BOD COD SS
8.4 12.0 62 240 705 2460 885 4800 10 332
3.4 10.8 1 320 132 690 328 5720 15 539
6.6 7.8 4 15 13 90 49 115 25 48
7 7-12
7-12
pH BOD COD SS
C /7))
A 800 34 39 8.3 10.1 49 288 356 25
B 1000 38 48 8.6 9.7 34 540 806 414
C 150 41 54 6.0 11.3 74 342 1137 344
D 400 3B 4 6.4 7.2 30 126 272 7
E 1800 37 38 8.6 10.1 308 510 745 100
F 50 23 40 7.6 8.3 16 99 204 44
G 480 26 30 7.2 7.7 56 270 416 73
/
1 3 4
pH
DAMA DAMA Resolution 1074 concluded
1997
DAMA 30 1
pH DAMA 5 9 pH
308 mg/1
DAMA 100 mg/1
BOD COD DAMA BOD =1,000
COD = 2,000 mg/1 BOD/COD

7-11




SS 4 414

DAMA 1,000 mg/1
7-4-2
DAMA
53.8 % 34.5 % 5.9 %
2.7 % 2.0 % 1.1 %
7-13 16
7-13 Bogota
No. Name of pH Temp Oil SST BOD COD Flow Rate
Company mg/l mg/l mg/l mg/l m®month
1 A* 83/5.1 35/34 85 /39 6289 /71 443 /95 997 /557 79070
2 B* 81/74 29 /27 20 3093 /251 1741/180 3123/1726 6480 +?
3 C 9.1 38 14 75 135 211 31450
4 D 7.3 30 40 60 264 840 25000
5 E* 125/5.9 32/20 38/28 66/28 806/511 | 1895 /956 19924
6 F 11.0 43 4 145 198 1015 17095
7 G* 7.7/13.0 45 /27 87/18 352 /26 525 /191 1614 /659 10701
8 H 8.8 36 49 25 288 356 9953
9 | 9.2 35 39 15 210 300 8125
10 J 10.0 58 496 109 102 233 5806
11 K 5.0 34 17 13 228 415 5088
12 L 6.9 37 30 7 126 272 4977
13 M 74 29 16 36 99 204 2151
14 N* 7.1/8.7 50/30 | 1172/66 28/17 365 /76 517 /216 2099
15 O 74 27 115 1565 294 974 2044
16 pP* 6.5/5.7 16 /15 16 /13 45 /23 548 /32 380 /67 446
DAMA's 6.0 80 30 100 800 1000 2000 -
REGULATION
(from DAMA'’s Data)
(Note) :

1. Companies marked with (*) have 2 or 3 discharge points of waste water and in this case,
data show max./min. of each point and Flow Rate shows total of all points.

2. Flow Rate of one point of B is not shown in DAMA'’s data, but this company is estimated
to discharge considerable amount (more than 50000 m*¥month) of waste water from
other data.



1997 10 1998 11 DAMA

DAMA
BOD COD DAMA DAMA
BOD CoD
7-4-3
20
7-4-4
7-14
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SS BOD COD
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2)

1.
2.
3. COoD,
2)
100% 100
40 COD BOD
BOD MLSS
7-15
7-15 N
BOD MLSS
kg/m/day ( mg/1) (%) ( ) (h)
0.6 1500 — 2000 | 20 — 70 3-7 4 -8
0.2 2000 — 8000 | 50 — 100 12 5
7-12
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€)

)

7-12

D

—x | —Tw — >
| — >
| |
pH6 — 7
pH4 10
30 -40 35
30
45 35 50
( MLSS )
MLSS 2,000
BOD
BOD( 100 : 5:1

10,000
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COD

2)
COD 50

7-16

7-16 pH

6)

BOD COD

PVA

MLSS

BOD COD

PVA

40
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(1)

owf (on the weight of fiber

(@)

Re-processing

reactive dye
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(1)

pH pH

COD,BOD



DAMA Resolution 1074)

@)

pH DAMA
1) pH
co p HCl  H,SO,
pH
pH pH
CO
pH
2)
3) BOD COD
COD
20
CoD 7,800 ppm BOD 610 ppm
DAMA Resolution 1074 H
30 H

DAMA
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DAMA

(1)

DAMA

7-17

BOD COD

DAMA

pH

0.5 2

(@)
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0.5 2 3 4 5

1SO 14000

(Re-processing

1SO 9000
S
(3)
7-19
0.5 2 3 4 5
pH
-6-
7-6-2

1)




(@)

TQC, TPM SENA
ACERCAR DAMA
®3)
4)
FRATI

Technical report from Cidetexco Industria Textil de Colombia

Technical report from Asociacién Nacional de Tecnicos Textiles Guia

para el manejo ambiental de la industria textil de Santafe de Bogota, Agosto

Dr.Diego F, Cancia (1998) Colombia; Un mercado en renovacion total TEXTILES
PANAMERICANOS VOL..58

—~ o~
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190
6,000 m?
2)
commission dye-house
Lycra
3)
7-13
4)
100% 30 %
100% 30 %
20 %
100% 15 %
5 %
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7-13

Superintendente
Director General

Director de

Recursos Humanos

Director de

Director de Director de Director de
Tecnologia Sistema Tesoreria
Director de Director de
Produccion Tejidos Mantenimiento
I | I
Jefe de Jefe de Jefe de
Tefido Acabado Tejido de Algoddn

Supervisor de Tefiido y Acabado

Operadores (tres turnos)

Operadores asistentes
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7-22
JET 16
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Overflow

7-21

JET
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P, PIC

;

7-14

Descrude, Blanqueo Quimico y
Tenido

Corte

=P Circular

Abierto

Tenido por Lotes

Lycra Algodon/Lycra

;

Corte

Descrude, Blanqueo Quimico y
Tenido

—  Circular
Abierto

Tenido por Lotes

Algodon
v —
Descrude, Blanqueo Quimico y
Tenido

=y Terminado

Secado E—)

P  Terminado

Productos

Secado  r—)

- EXxtractor

Tenido por Lotes

=P  Secado

—

Compactador

Productos

—>

Productos




6V -

Acueducto

Tanque de
Agua(1)

Agua de Pozo

¥

7-15

Agua
Residual

Tanque de : Maquina de
Agua(2) I Tenido
> Intercambiador de
Calor
Tanque de <
agua(3)
g Caldera
» Compresor
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Step Feed Material Quantity Temp. Time Waste
water
Scouring Water 1600 L 20 30 min
DEHSCOTEX MC 800 g
SAL COMPLEXAN 1280 g
MP 4800 g
Caustic Soda(48 BE)
(Discharge) 1460 L
Washing Water 1460 L 80 10 min
(Discharge) 1460 L
Neutralization Water 1460 L 30 10 min
Acetic Acid 640 g
(Discharge) 70 30 min 1460 L
Dyeing Water 1460 L
CIBAFLUID C 800¢g
INDOLMAR PW 800 g
DEHACLEAN MIT 800¢g 130
(Heat Up) Acetic Acid 240 g
AMARILLO
SERILENE 4GNLS
9944
NARANJA
CORACRON RC 1050.8 g
AZUL MARINO
CORALRON RNC 241409
(Discharge) 60 1460 L
Washing Water 1460 L 30
(Discharge) 1460 L
Washing Water 1460 L 30
(Discharge) 1460 L
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Step Feed Material Quantity Temp. Time Waste
water
Scouring Water 1600 g 90 20 min
CIBAFLUID C 800¢g
INDOLMAR PW 1600 g
INDOL 20202 800g
DHEACLEAN MIT 1609
Acetic Acid
(Discharge) 60 1340 L
Washing Water 1340 L 80 10 min
(Discharge) 60 1340 L
Neutralization | Water 1340 L 30 10 min
Acetic Acid 640 g
(Discharge) 1340 L
Dyeing Water 1340 L 130 30 min
CIBAFLUID C 1600g
INDOLMAR PW 800g
INDOL 20202 1600g
DHEACLEAN MIT 800g
Acetic Acid 160g
(Dyestuff)
AZUL MARINO CORACRON 890.88 g
NARANSA CORACRON 307.20 g
AMARILLO CORACRON GC 36.869
AMARILLO EVERZOL 3RS 511499
NEGRO REMAZOL B 3978.24g
NARANIA BTE EVAZOL 3R 2995.20¢g
Salt 128¢ 80
Sodium Carbonate 128¢g 60 45 min
Caustic Soda 3.29¢ pH10.8 | 10 min
(Discharge) 1340 L
Washing Water 1340 L 70
(Discharge) 1340 L
Neutralization | Water 1340 L 50 10 min
Acetic Acid
(Discharge) 1340 L
Washing Water 1340 L 80 20 min
CIBAPON R 1600g
(Discharge) 60 1340 L
Washing Water 1340 L 80 20 min
CIBAPON R 1600g
(Discharge) 60 1340 L
Washing Water 1340 L 70 10 min
(Discharge) 1340 L
Washing Water 1340 L 30 10 min
(Discharge 1340 L




(1) Dyeing Process

7-22

No. Type Maker Bath Ratio Kind of Fabric Capacity
1 JET ATYC 1:8 P, P/C
2 JET ATYC 1.8 P, P/C
3 JET ATYC 1:8 P, P/C
4 JET ATYC 1:8 P, P/C
5 JET ATYC 1:8 P, P/C
6 JET ATYC 1:8 P, P/C
7 JET ATYC 1.8 P, P/C
8 JET ATYC 1.8 P, P/C
9 JET ATYC 1:8 P, P/C
10 JET ATYC 1:8 P, P/C
11 JET ATYC 1:8 P, P/C
12 Overflow MCS 1:10 C,C/IL,N
13 Overflow Scholl 1:10
14 Overflow Citex 1:10 N, C
15 Overflow Citex 1:10 N, C
16 Overflow ATYC 1:10
17 Overflow ATYC 1:10
18 Wince BARCA
19 Overflow ATYC 1:10
20 Overflow ATYC 1:10
21 Wince BARCA
22 JET Then 15 C/L, P/IC,N
23 JET Then 15 C/L, P/IC,N
24 JET Then 15 C/L, P/IC,N
25 JET Scholl 1.6 P/C, CIL, C, N/L
26 JET Scholl 1.6 P/C, CIL, C, N/L
27 Overflow Scholl 1.6 P/C, CIL, C, N/L
28 30 | Centrifugal
(Note) C: Cotton, L: Lycra, P: Polyester, N: Nylon
(2) Finishing Process
No. Type Maker Kinds of Fabric Capacity
1 Opening Circular BLNCO P, PIC
2 3 Drying & Heat Set KRANTZ P, P/C
4 Drying & Heat Set MONFORTS P, PIC
5 Extractor SANTEX C,CIL
6 Dryer SANTEX C,CIL
7 Compactor SANTEX C,C/IL
8 Compactor SPEROTTO C,CIL
(3) Utility
No. Type Maker Capacity
1 Steam Boiler DISTRAC 700 HP
2 Steam Boiler DISTRAC 700 HP
3 Oil Heater KONUS KESSEL 1,600,000 kcal
4 Oil Heater KOUNS KESSEL 1,600,000 kcal
1)
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(@)
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10 12

24

40
1
27
1/ 1
1 2 35
Formula Programas
On-the-Job Training -



()
CCS CCM Computer Color Search Computer Color Match
Laboratory Color Kitchen

pH 2

re-processing rate 2 3
(6)

15
@)

pH
pH10
-7-
1)
7-23 COD 2,000
COD 10,000 pH
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No. Kind of Waste Water Color Temp | pH |Cond. | Turb. | Oil COD |SS |Hexan | Quantity
slcm | NHU |mg/l |[mg/l | mg/l | mg/ I/batch

(1) Polyester 100%

1 Scouring Pale Purple 59| 13.2| 7.29 390 | 1320 | 1331 3| 21.0 1460
2 Washing at 80 Cx10min | Pale Purple 60| 12.7| 2.50 282 545 | 2007 1 7.3 1460
3 Neutralization at 30 Cx10 | Transparent 44 7.1 0.61 45 202 474 | 26 0.6 1460
4 Dyeing Brown 59 6.6 0.80 999 156 | 2517 | 158 | 14.0 1460
5 Washing at 30 Cx5min Dark Yellow 38 8.2| 0.30 207 26 245 5 0.7 1460
6 Washing at 30 Cx5min Yellow 35 8.4| 0.30 116 15 79 2 7.5 1460
7 Composite 114 1.72 223 | 181.5 7560
(2) Polyester/Cotton

1 Scouring at 90 Cx30min | Light Yellow 59| 13.2| 6.38 146 | 2070 | 1184 | 40| 33.7 1340
2 Washing at 80 Cx10min | Light Yellow 58| 12.6| 2.15 62 478 39 4 5.1 1340
3 Neutralization at 30 Cx10 | Transparent 45 8.1| 0.68 41 140 545 | 27 4.5 1340
4 Dyeing at 130 C & 60 C | Dark Purple 58| 12.2| 93.90 141 50]11860 | 228 | 11.5 1340
5 Washing at 70 Cx10min | Dark Purple 52| 10.9| 35.50 147 76| 3754 106| 755 1340
6 Neutralization at 50 Cx10 | Dark Purple 55 11.0| 13.60 102 80 771| 55| 80.4 1340
7 Washing at 80 Cx20min | Purple 58| 10.5| 524 117 96 352| 43| 95.6 1340
8 Washing at 80 Cx20min | Transparent 56| 10.2| 2.23 69 71 217 22| 71.3 1340
9 Washing at 70 Cx10min | Transparent 55 9.6| 1.03 31 36 103 1] 36.0 1340
10 Washing at 30 C Transparent 43 8.9| 047 14 22 36 1] 21.9 1340
11 Composite 10.9] 18.5 25 110 13400
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pH CO, pH pH
pH pH
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pH
-7-
1) 1
60
25 50
60 50 t/hr 50t
1)
10,000 US$
100,000
3. 10,000
120,000 US$
2)
50,000 x (50 -25) = 1,250,000 kcal/hr
1,250,000/ 9,600 = 130 I/hr
( 1 litter
=12,800 x 0.75 = 9,600 kcal/l
3. 130 x 0.15=20US$/hr
1 litter 0.15 US$
4., 2 15 kw
15 x 01=15US$/hr
0.1 US$/kwW
5 1

(20—15)US$/hr x 24 hr/day x 300 day/year
= 133,200 US$ / year




(@)

1)

2)

10 80t

50 t/hr

20,000 US$
5,000
5,000

30,000 US$

DAMA

200 t

100 t/hr x 10 m
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8-1

8-1-1
30
10 (Grasco)
(Acegrasas) (Unilever Andina)
90%
8-1
8-1
18 5
9 2
1 1
28 8
1.
2.
3. 50%
4.
5.
6.
1998 10 23
18 1999 3 8
9 2 6

11
8-2



8-2

23&26-10-98, Duquesa S.A Carrera 106 No.23-86
26-02-99,
27-10-98, Acegrasas Autopista Sur No.57-21
29&30-10-98, Conalcebos Carrera 61 No.48-51
12-02-99, Sur
3& 4-11-98, Distriaceites Carrera 1E No0.12-68
15-02-99, Bosa
5&6-11-98, SigraS.A Calle 17 No.68B-88
9,10,17,18,22,
24-02&3,8-03-99,
9&10-11-98, Oleopalma Ltda | Carrera 52A No0.43-37
12-02-99, Sur
11&12-11-98, Aceite Rendidor | Carrera 62 No.32-03
01-03-99, Sur
13-11-98, Quimioil Carrera 14 No0.3-46
15-02-99, Engt
18-11-98, Luis Munoz Carrera 41 No.10A-82
8,11,16,19,23,
25-02&5-03-99,
8-3 60%

8-3

F1| F2 | F3 | F4 | F5 | F6 | F-7 | F-8 | F-9
Rate(%) 80| ? 50 50| 100 30 0 75 33 52
1.
2. F-1 F-9
(1)
8-1 3




(2)

(3)

o o T 9

8-4
8-4
8-5
(m¥ )

F-1 210 1,750
F-2 400 7,200
F-3 3l 280
F-4 40 125
F-5 86 580
F-6 8 70
F-7 7 1
F-8 6 1
F-9 27 100

42 1980




2. 6 400 50

3. 1m?d 7,200m?3/
8-1-2
(1)
1)
1995
8-1
2)
100 1
1 1,000 t 10
8-4-3-(1)
(2)
1)
8-6
370,000
5,000
1996 360,000
(167,000 )
(136,000 )
(59,000 )
1 1 1996
2)
8-7
2,460,000 t

62 1996

31,000 t
21,000 t

1996

269

1997

S7



97%

8-6

1995 1996
364,755.3] 367,581.3
T 208,302.4] 306,339.0
54,166.8] 39,926.8
3,6537.1] _ 7,601.4
2,569.1] 3,231.1
1,654.3]  2.550.5
1,153.2] 1.433.4
330.0 231.1
92.6 60.4
474 26.8
2.0 24.0
0.0 16.2
871.0 0.0
2.029.4] _6,140.6
5,347.5|  4,255.1
5,317.9]  4,255.1
29.6 0
70,000 t
350,000 t
8-7 R,
1994 1995 1996 1997
2,263 2,361 2,357 2,458
65
64 72 65 66
2,198 2,221 2,235 2,327
665 695 674 693
796 801 828 862
25 22 20 19
61 63 59 60
39 38 40 39
110 100 101 101
57 47 43 54
354 369 386 392
330
92 92 95 92
168
70 82 90 68




8 9
1997 2,450,000 t
(1,360,000 t)
(420,000 t)
(670,000t)
1 1 1980 38g 1997 509
5 4%
1980  38.1g/
1993  46.9g/
1995  48.2g/
1997  50.0g/
8-2
8-2-1
(1)
8-1 3 (
) 8-8 81 83 3
8-8
USA USA
1)
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FW=Frost Water
e ExtractionDistillation |
(CW-=Chilled Watter
Pamoil Steam—Pd‘mKalmloiI
N — - -
1L — Neutralization ~ [Soda
Bleaching
(Saponificatior)
[ Alration | T
Cw ] [ HW HV\;[
T i fion Weshing |
i IS —Silica
—— Silica— — i l_ -
Frectioning Sow oo v
s Beeching Bleaching
- Lcw
Okein CWEL )| Stearin festerization
o _>fauy acid color,odq
Lcw
Qil mix
Additive &watter rrix.
(additive is lecithin as
emulisifier for margarir)
| Y
v Margarire | HpO30%
(iuic (icpic ol =




8-2

Raw material

Animal meat

v

Mil |

V¥V v Water

Steam injection 4” Pre-heating tankl

Steam —Pp¢ Heati%g tank

Super-decanter

V¥V v Water

90% v 10%
Fatty oil Solid
Water—why
Heating|g¢——— Steam
tank Dryer Steam
| Centrifuge |
¢ l A 4
Crude Ol Water & Solid Packing
(0.3 1.0%-H20) (1%-Oil)
¢ Discharge l
Sell for industrial use & cooking Sell
* f Protein
Animal food
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Steam
pressurized
by Air — H20
Sulfuric acid — NaOH
tank — I— Alcohol
| Clay(0.5Hr)
Raw materials L Neutralizer |1st: Neutralization
tank
mixing 2nd: Washing by
decantation water & alcohol
\ 4 3rd:drying Alcohol
| 4th:distillation tank
Waste of
sulfuric acid
Press-Filter |_
QOil Waste
Storage tank
tank v
Waste
Clay
max.1%-oil By-product
€Y
1
(b)
2 13 ”



2)

8-4
8-4
I g > > e
i |
[ I+ [ [ el
I 5 t
L ¥ > >
(a) (deguming)
( )
(70 85 ) 1 3%
8-4
(b) (de-acidification)
1980
(physical refining)
(©) (bleaching)
0.1 2%
90 120 10 15 (

8-10



(d) (de-odorizing)

200 270 2 5mmHg

3 6%
(e) (wintering winterization)
3)
(hydrogenation)
(fractionation) (esterification)
(a) C )
8kg/cm? 120 220
(hardened oil)
1
(b) (fractionation)
1
(dry fractionation) (solvent fractionation)
(detergent fractionation)
(2)

8-11



1970

1kg 10 20

(3)

8-12



8-2-2

(1)
2)
(desmet) (lurgi) (rotocel)
(continuous solvent extraction) 20
(de-guming)

(refining) (bleaching)
(wintering) (de-odorization)

( )(miscella) (defatted meal)

8-13



(protein de-naturation)

(supercritical gas extraction)

(ultra-filtration membrane)

8-14



(3)

88%

5% 90%

(11%

18% )

(  46%

40%
16%

4) 21

5
56%
42% 16%
20 30%
)
37% )

8-15

6%
30%

3 4%

13%

70%



8-2-3

(1)

(2)

(3)

8-3

8-3-1

(1)

-16



(2)

8-3-2

(1)
8-3-1-(1)

(2)
8-3-1-(2)

-17



3)
8-4
8-4-1
1
1
( 85 )

8-5

waste | Storage Clarifier Coaguration Aeration| (1) Filter
.

Iwater r-> Tank —> Tank —> Tank
I e

>

Floataion

]

Tank

®

Traps

8-9

8-18




8-9

17=

()
( 1 ) ILAM

DAMA 1
8-10

1) BOD( )
3 BOD 19,200 106,000
mg/l
2 BOD

8-19



BOD 270 12,000 mg/l
( 8—6&7 )
BOD 4 DAMA
2 1,000 m¥/ BOD
400 mg/l COD SS DAMA
8-10
Flow | Temp. pH Conductivity | Turbidity Oil BOD COD DO SS T-SS
mé/M - M S/cm - mg/liter | mg/liter | mg/liter | mg/liter | mg/liter | mg/liter
F-1 1,750 25.0| 7.05 1,800 400 457.6 450 908 0.30 298 1,435
16 42.3 282 308 5.30 22 1,487
0.07 t/M| 0.49 t/M| 0.54 t/M 0.04 t/M
F-2 5,000 29.0| 6.93 2,450 1,800 2,177 1,620 7,050 0.40 1,530 4,420
15 31.6 380 415 2.70 23 2,155
0.16 /M| 1.9 t/M| 2.08 t/M 0.12 t/‘M
F-3 375 26.9] 6.82 2,400 20,000 167,000| 63,500 88,130 3.80( 167,000 181,800
630 4,300 12,000/ 13,830 0.00 4,300 2,660
0.16 t/M| 0.45 /M| 0.52 /M 0.16 t/M
F-4 125 6.3 385 240 242.9 690 820 1.10 182 844
210 375.2 360 532 1.50 778 1,348
0.05 t/M| 0.05 t/M| 0.07 t/M 0.1t/M
F-5 650 24.0| 9.36 1,820
730 9,670 2,010( 11,300 2.40 690 3,560
6.29 t/M| 1.31 t/M| 7.35 t/M 0.45 t/M
F-6 70 6.8 370
80 97.3 270 321 0.00 240 443
0.01 t/M| 0.02 /M| 0.02 t/M 0.02 t/M
F-7 25 18.6| 6.81 550
840( 58,700 9,800 12,340 0.90( 19,400| 39,520
1.47 /M| 0.25 /M| 0.31 t/M 0.49 t/M
F-8
F-9 100 25.3| 5.17 7,100 34,000| 25,390| 106,000 144,000 0.00( 85,250| 115,000
1,600 1,960 2,910 3,930 1.59 2,620 4,234
0.2 M| 0.29 /M| 0.39 /M 0.26 t/'M
DAMA <30[ 5 9 100 1,000 2,000 2 800
100%| 87.5% 37.5% 50% 50% 0% 12.5%

*1. blanked item was not analyzed and/or not measured

*2. upper: in, lower: out of treatment system
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DAMA

8-6 BOD & COD 8-7 BOD & WASTE WATER
16000 14000
14000 12000
12000 o 10000
T 10000 g
= S, 8000
£ 8000 £
§ 5000 8 6000
4000 m 4000
2000 2000
0o 2000 4000 6000 8000 10000 12000 14000 0o 1,000 2,000 3,000 4,000 5,000 6,000
BOD (mglliter) WASTE WATER (m3/M)
2) CcoD( )
COoD BOD 15 1 BOD COoD
COD 310 13,830 mg/l 4
DAMA
1
BOD COoD
3)
, 265 109,150 mg/l
b, :8,400 25,390 mg/l
30 58,700 mg/l
3 DAMA
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4) SS( )

SS BOD COD SS
BOD,COD
SS 20 19,400 mg/l 1 DAMA
5) pH
30 pH 59
6) ( 9 )
8-11 9 ( )
(ton/ )
BOD 0.60
CcoD 1.41
1.05
SS 0.20
8-4-2
DAMA
8-12
( 8-13
8-13
Flow |Concentration| Impact
m3M mg/l ton/M
Flow 1,448 - -
COD - 712 1.0
BOD - 334 0.5
SS - 59 0.1
OlL - 390 0.6

*1, Impact = (Flow) x (Concentration)

8-22



8-12

Company Main Raw Material Water Waste Water Quality
No. Vegetable| Animal | Mineral | Consumption| COD BOD SS Oil Flow
m*/M | mg-02/1[mg-02/1] mg/I mg/l [ mé/™m
1 15,438 (84) (10) (<0.5) (49.5)](5,722)
2 6,677 (502) (454) (0.5 (110)](1,348)
3 5,842 415 380 23 31.6] 7,200
4 1,738] 11,300 2,010 690 9,670 580
5 581 308 282 22 42.3] 1,750
6 532 360 778 3752] 125
7 341 321 270 240 97.3 70
8 309] (10,512)| (8,153) (590)] (4,286)
9 277] 13,830] 12,000 4,300 280
10 199 3,930 2,910 2,620 1960] 100
11 152
12 129
13 125
14 1191 (2,267)] (1,396) (4 (49)] (196)
15 62
16 46
17 43 1
18 39
19 30
20 24
21 19
22 17
23 13
24 11
25 6
27 4
27 3] 12340 9,800] 19,400] 58,700 1
28 2
Total 18 9 1 1,194 712 334 59 390] 1,448
1.0ton/M]0.5ton/M|0.1ton/M|0.6ton/M

*1, This table is arranged, based on consumed water volume.

*2, Waste Water Quality is coming from the data of (DAMA) and the Team.

*3, :l : Visited Companies.

*4, Average: Weighted average

1/5

1962

1967

100t/

8-23

581

1 000
1972

100t/

213

10t/



35%

5
1995 100 31
t 10 21 t
8-14 1967 1972 1995
8-14
>100t/ >50t/ >10t/ >1t/
t/ t/
1967 34 25 106 416 581 3 219 806
1972 39 23 64 87 213 4 478 1 092
1995 100 6 450 1754
(2)
1970
1)
2)
3)

8-24
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8-15

(
500m3[ <500m3] 500m3[ <500m3] 500m3] <500m3] 500m3[ <500m3] 500m3[ <500m3
30 60 20 25 20 25 60 90 20 25 160
30 60 20 25 60 90 20 25 160
60 120 40 50 40 50 120 160 40 50 200
n- 5 5 5 5 5 5 5 5 5 5 5
n- 30 30 5 5 10 10 10 10 30 30 30
5 5 1 1 5 5 5 5 5 5 5
3 3 1 1 3 3 3 3 3 3 3
5 5 5 5 5 5 5 5 5 5 5
/cm3
(3)
BOD COD SS
1t 30 35m? 80%
15% 5%
BOD COD
2 000mg/l 1t BOD 5.4kg COD  3.2kg 4.4kg
BOD
1,745,000 t/ x5.4kg/t=9,423t—BOD/
BOD 20mg/l

9,423t/ x(20/2,000)=94.23t—BOD/
94t

(4)

1968 “ PCB

BOD

PCB
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()

8-8 8-16
8-16 (350m? )
(%)

H 2 12 58 8.6 58 8.6 - 7.0 5.8 8.6
BOD(mg/l) 4.400 95 25| 994 30 40
CoD(mg/l) 4,000 174 25| 994 30 40

(ma/h 500 5 5] 99.0 60 80
(mg/l) 300 10 4] 987 20 :
8-8
134m3/ U
vy
96m3/
84n3/
74.3m3 344m3  1,300m3 153m3 2553 33 31n3
i
- ko
2.5t/ ( 80%)
1975 186 30
18 234
1984 237m°/
45 im?® 520 520




8-5

8-5-1
(1)
1
1)
a.
b.
c.
2)
a.
3)
a.
b.
4)
a.
(2)
1)
2)

-27




3) 5S

4) ss

5)

6)

7)

(3)
1)

2)

8-5-2

DAMA

DAMA

BOD COD
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8-6

8-6-1
8-5
8-6-2
(1)
8-10
10m?
1/5
8-17
8-17
(@)
m/ 10
<30 <30
- 5-9 5-9
mg/ | 100 30
mg/1 1,000 300
mg/1 2,000 600
mg/1 800 240
(2)
1) 1st

8-29
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8-9 1st

—>
> A 4 >
P
>
2) 2nd
1st
8-10 2nd
|
—
BN t
L .
3) 3rd
8-11 3rd
—_
b l
—>
g P L
—H e
L .
)
1)

8-30




e.

f.
2)

a.

b.
3)

a.

b.

c.

d.

8-6-3

8-6-2 DAMA

DAMA
1)
a.
b.
c.
d.
2)
a.
b
3)
a.
b
4)
5)

ACERCAR
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DANE.Fabricacion de produtos alimenticios(1995 & 1996)

DANE.Produccion y Ventas(1995)
DAMA.Sector de Refinamiento de Grasas y Aceites
46 4 (1997)
Vol .29 No.5(1987)
24 11 (1975)

(98.5)

(98.12)
(98.12)

(80.11)
(97.4)
21
('98.8)
(1976)
(1989)

8-32
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8-7 -1 -1

8-7-1
1957
8-18
100%
8-18
Pattern
%

From Extraction 20.5

From Chemical refining 0.9

Edible oil 15.7

Margarine 43.6

Industrial use 19.3

Total 100.0

8-18

1999
8-7-2

8-12

8-33



8-12

Raw Extraction Cake Drying Sell for
- > >
Material Animal food
+ i—|
Sell as Distillation Clay
Crude oil Neutralization
V Deodorization
Raw Oil storage Bleaching‘ Storage Refining il ' Sell
Material Storage in bottle
NaOH Citric acid A T i NaOH & HG— Additives
1 \ 4 : A A 4 f
Soy bean Hydrogenation Fraction Margarine
oil
Sell Sell
Raw Material in box
8-7-3
(¢
8-13 2,150 ¥/
200m/  (9.3%) 380m/  (17.7%) 1,550m/
(72.1%) 20m/  (0.9%)
8-13
Acueducto Domestico > Alcantarillado
2,150m’/M 200m°/M publico
200m/M
—p Proceso | 380m’/M
T.Refrigeracion-1 :160m”/M|-» ATM
Preparacion 3m/Mf——Pp»
Centrifuga L 2 Mp——— P ) Alcantarillado
Margarina :135m° /M- Mercado publico
T.Refrigeracion-2 : 40m’ /M ATM 580m°/M
Caldela P ATM(1,200m°/M)
1,550m° /M L sc—»p
355m‘/M
1,750m’/M
| Lavado | g
20m’/M

1,200m/ (55.8%)

8-34




200m/  (9.3%)

(2)

8-19
8-19
Unit Unit Cost
Consumption{ COP/kg
Electricity KWH/T 189.5 26.4
Water M3/T 3.05 6.4
Palm oil T/T 1.03
Palm Kernel |T/T 2.17
Soy bean oil |T/T 1.05
Animal oil T/T 1.03
8-7-4
11
8-14 8-20
8-20
Sampling| Sampling| Flow | Temp.| pH| Conductivity| Turbidity| Oil | BOD| COD| DO | SS | T-SS
Points Date |m*m M S/lcm - mg/l | mg/l | mg/l | mg/l| mg/l| mg/l
1 03-03-99 12.8 22,000 [136,7001320,000424,000 6.0 60,300
2 11.2 6,000 [100,000(175,000§231,000 4.0 53,400
3 10.9 1,900 [136,0001580,000(765,000 0.0 75,500
4 7.9 12,000 3,586] 55,000} 79,000 1.1 5,070
5 11.4 3,400 2,860] 16,000} 23,200 0.0 1,210
05-11-98 539 23.2] 101 2,380 850] 1,288] 2,100] 3,090 1.2] 1,143] 3,380
601 241 9.36 1,820 730] 9,670 2,010] 11,300 2.4 690] 3,560
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8-14

Chemical Refining Area

| Reactor-2 |

}l Centrjfuge-l'—}l Centrifuge-ZI—}I Centrifuge-3 I—}P roduct Oil

W.Water

storage tank

W.Water

storage tank

|React0r—1|
2.
8-7-5
1
(1)
1.
b.
2.
a.
b.
3.
a.
b.

8 -36

Final oil trap Public Sewage



d.
4,
a.
b.
(2)
25m3/
BOD 55,000mg/l COD BOD 1.5 4,000mg/l
1.5
1 2 3 COD
(3,090 23,200)
1 8-21
COD 3,000mg/l
DAMA
8-21
Unit In Out
Flow m °/D 25 25
pH - 8-12 5-9
B OD m g/l 5,000 1,000
COD 8,000 2,000
N-Hexane 3,000 100
SS 2,000 800
Chem.1 Chem.3 SS
3.
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1/3 17
1/2 1/3
3/4

8-15

3m

8-7-6

(1)

8-38



8-15

Intermediate Tank
with weir(0.1m?)

Chem.3 Tank
(0.5m3x0.1KW)
Chem.2 Tank(0.5m°) Chem.1 Tank
(0.5m?®)

I 0.2K 0.015KW 0.01pKW
(W'Y
Q) —
Buffer

Tank(15m>xC.S)

— Mixing Tank

[Chem .1 Poly Aluminium Chloride ¥ p— (0.43m*x0.1K W)
:Chem.Z;Caustic Soda Solution I
ﬁhem.S;Cationic Polymer  —

Floatation Tank(2m®)
Scum Tank(0.5m?%)

Sludge Tank 1_ - _£

Recycle
— Pump
(1.5KW)
Pressure
) Tank , y \
Air (0.09m~)

Air Compressor(0.2KW)

To — |
Sewage
Aeration Tank
(50m?)
8-16
17,600
[« >

Pressure Tank

7500
1
i
i
I
]
i
i
i
i
i
1
i

Scum Tank

Sludge Tank

Aeration Tank Buffer Tank

Chem. Ténks

8 -39



(2)

1US$=120Yens=1,500COP

8-22
8-22
Name Material |Specification Cost

Equipme uUss$
Tank Buffer tank PE 2.65m® x3.5mH=15m">

Intermediate tank C.S 0.4m® x0.8mH=0.1m>

Mixing tank 0.6mx0.6mx1.5mH=0.43m>

Floatation tank 1.2m® x2.0mH=2m"

Scum Tank 0.9m® x1.0mH=0.5m>

Pressure tank 0.4m® x1.5mH=0.09m>

Sludge tank PE 2.3m® x2.9mH=10m">

Chem.1 tank 0.9m® x1.0mH=0.5m>

Chem.2 tank 0.9m® x1.0mH=0.5m>

Chem.3 tank 0.9m® x1.0mH=0.5m"
Aeration tank Concrete [3.7mx3.7mx4.8mH=50m">
Pump to Buffer tank FC 0.02m°/minx8mx0.25KW

from Buffer tank 0.05m°/minx8mx0.4KW

from Scum tank 0.05m°/minx8mx0.4KW

from Floatation tank 0.05m°/minx8mx0.4KW

recycle pump 1.3m°/Hx45mx1.5KW

from Chem.1 tank FRP 0.071/minx5kg/cm?“x0.015KW

from Chem.2 tank 0.071/minx15kg/cm?*x0.015KW

from Chem.3 tank PVC 0.31/minx10kg/cm?x0.2KW

from Aeration tank FC 0.17m°/Mx10mx0.25KW

from Aeration tank 1m*/Hx10mx0.75KW
Agitator for Mixing tank SUS 88rpmx0.1KW

for Chem.3 tank 197rpmx0.1KW

for Aeration tank C.S 1,500rpmx2.2KW
Compressor  |for pressurized air FC 251/minx5kg/cm?x0.2KW
Piping PVvC 13Ax20m
& Valve SGP 25Ax10m

PVvC 40Ax40m
PVvC 50Ax50m
Total 8,600




(3)

8-23
8-23
N o. Cost
Uuss
Tank 11
Pump 10
Agitator 3
Piping 4
Structure
Installation
Inst. & Elect.
Board
Construction
Total 21,300

1US$=120Yens=1,500COP

(4)
8-21 450,000 COP(BOD SS )
1 71 COP
8-24
1%
1
8-24
8-24
mg/1 US$ Y) Us$

Chem.1 kg 2,000| 0.375 13,920 5,220
Chenm.2 200] 0.375 1,392 522
Chem.3 2 7.5 13.9 104
KWH 0.1 17,522 1,752
m* 30 1,102 33,060
1,420
42,078

15

1USD=120Yens=1,500C0P



8-8 -2 -2
8-8-1
1961 10
8-25
8-25
Pattern
%
From decanter 12.2
Industrial use 87.8
Total 100.0
33%
8-8-2
8-17
8-17
Raw- Mill Pre-heating ‘ Heating Super Cake ?ell for
Material tank tank de-canter animal food
Heating
tank
v
Centrifuge Crl.Jde . Sell
oil in lorry
P Waste water




8-8-3

148m* (80.9%)

Public Sewage

(1)
8-18 183m?/
35m¥ (19.1%)
8-18
Raw Material
22m*M i
City Water > Process P
183m°M —» (SC: 16m* My—————Pp»]
Dryer — to ATM(24m°/M)
—» (sC: 20m* My——p»
R | 3
Boiler — to ATM(80m~/M)
Dome3$tic >
34m°/M
(2)
8-26
8-26
Unit Unit Cost
Consumptionfcop/kg
Electricity| KWH/T 48.7 7.2
Water  |m¥T 0.957| 3.7
Meat T/IT 1.507| 527.3

100m*/M




8-8-4

8-19 8-27
8-19
Raw Super Centrifuge Trap Final Public
e —> —> > >
Material decanter Trap Sewage
A
-Wet cake
> >D
Testing Facility
8-27
Sampling| Sampling| Flow | Temp.| pH| Conductivity| Turbidity| Moisture| Oil | BOD|COD| DO | SS | T-SS
Points Date |m*M - M s/lcm - % mg/l | mg/l | mg/l | mg/l| mg/l| mg/l
1| 19-02-99 9.9
2 66.5
3 6.8
4 6.0 6,590| 59,500| 87,000 35,367
18-11-98 415 51.4] 6.57 11,000 34,000 25,390}106,000[144,000 0]85,250[115,000
5| 19-02-99 2,200] 37,000 49,500 9,233
18-11-98 285] 6.14 2,000 1,600 1,960] 2,910] 3,930 13| 2,620 4,234
6] 19-02-99 103,400 3,900 69,500 12,020
18-11-98 25.3] 5.17 7,100 82 84.6] 1,500| 4,040 1.59] 286| 5,764
19-02-99 16,000
11,600
8-8-5
1



(1)

(2)

4m?/
BOD 100,000mg/l COD BOD 1.5 25,000mg/l

DAMA



8-8-6

(1)

8-20

SS

COD BOD
SS COD BOD
8-28

Unit In Out
Flow m °/D 6 6
pH - 6-7 5-9
BOD m g/l 3,000} 1,000
coD 4,000] 2,000
N-Hexane 2,000 100
SS 2,700 800

3m



)

8-29
8-29
Name Material Specification Cost
US$
Tank Buffer tank PE 1.6m® x2.0mH=3m"
Intermediate tank C.S 0.4m® x0.8mH=0.1m">
Mixing tank 0.5mx0.5mx1.5mH=0.25m"
Sedimentation tank 1.2m® x2.0mH=2m"
Sludge tank PE 1.8mad x2.4mH=5m">
Chem.1 tank 0.9m® x1.0mH=0.5m>
Chem.2 tank 0.4m® x0.8mH=0.1m>
Chem.3 tank 0.9m® x1.0mH=0.5m>
Pump  [to Buffer tank C.S 0.02m*/minx8mx0.25KW
from Buffer tank 0.02m*/minx8mx0.25KW
from Sedimentation tank 0.15m°/minx6mx0.4KW
from Chem.1 tank FRP 0.071/minx5kg/cm?x0.015KW
from Chem.2 tank 0.011/minx15kg/cm?x0.015KW
from Chem.3 tank PVvC 0.31/minx10kg/cm?x0.2KW
Agitator |for Mixing tank SuUs 88rpmx0.1KW
for Chem.3 tank 197rpmx0.1KW
Piping PVvC 40AX50m
& Valve 13Ax20m
Total 4,300
1US$=120Yens=1,500COP
(3)
8-30
8-30
N o Cost
UsSs
Tank 8
Pump 6
Agitator 2
Piping 2
Structure
Installation
Inst. & Elect.
Board
Construction
Total 13,800
1US$=120Yens=1,500COP
(4)
8-27 75,000 COP(BOD SS



1 71 COP

1%
1
8-31
8-31
mg/1 US$ (/Y) | (uss$/Y)
Chem.1 kg 2,000] 0.375 2,400 900
Chem.2 200] 0.375 240 90
Chem.3 2 7.5 2.4 18
KWH 0.1 773 77
m3 30 232 6,960
920
8,965
15
1USD=120Yens=1,500COP
8-20
=|intermediate Tank(0.1m?)
Chem.3 Tank with weir
(0.5m?* x 0.1kw)
Chem.2 Tank(0.1m?)
Chem.1 Tarlk( 0.5m°)
0.2kw 0.035kw  0.0[L5Kw
A AZ
= =
Q) ~(Qo-25kw
0.25kw Buffer .
Tank(3m® x PE)
e = N
|Chem.1 ; Poly Ferric Sulfate I O Mixing Tank
|Chem.2 ; Caustic Soda Solution | (0.25m* x 0.1kw)
IChem.3 ; Anionic Polymer |
il |
Treated
Water —
v
Q _
Sedimentation Sludge tank(5m®)
tank(2m®)



8-21

Sludge Chem.3 Chem.1 Chem.2
tanlf tank tank tank

Intermediate Mixing

N
—

5,000

Buffer tank Sedimentation
tank —
6,500 >|
| A
el ] °
o
1 o
|| N
)\ /( il







Empresas
Detergentes S.A.
Azul K 5. A
Arjona Litda
Rioka
Jaboneria Beno
Industria de Jabones Aga Ltda
Jaboneria Lava
Laboratorios Sudamericanos Ltda
Macecofar Ltda
Asesquim Ltda

[
cmmqmmmmmHg

Colombia, Santa fe de Bogota:
=1 U KAV e




9-1

9-1-1
20
1940 “Colgate Palmolive” 1943
“Inextra Industries S.A.” 1948
1957 Asociacion Nacional de
Jaboneros 30
1975 Asociacion Nacional de Jabones y Productores

de Detergentes: ANALJA

Departmento Administativo Nacional de Estadistica: DANE
1996 87 DANE
Asociacion Nacional de Industrias: ANDI

Inextra
Unilever Andina Colgate Palmolive
“Azul K” 1940 , “ Industrias Elefante la
Llave” 1948 1940 35
DANE 35 ANALJA
ANALJA
9-1



9-1

Production Capacity (t/month)

Product
30 30-100 100-1,000 1,000 Total
Soap 28 3 2 2 35
Detergent Q) 0 0 Q) (2)
Cleaner uncertain 0 0 0 uncertain
Total 3 2 2
Note: numbers in brackets are included in Soap
35 100 t/
100
9-2 10
10 9-1 9-2 S-1 S-2
Unilever Andina S.A.
90%
9-2
Production
No. Factory Name Product Amount
(t/month)
S-1 Detergentes S.A. soap, detergent 3300, 3300
S-2 Azul K S.A. soap 800
S-3 | Arjona Ltda soap 13
S-4 Rioka soap 200
S-5 Jaboneria Reno soap 60
S-6 Industria de Jabones Aga Ltda soap 40
S-7 Jaboneria Lava soap, detergent 50, 30
S-8 Laboratorios Sudamericanos Ltda cleaner 30
S-9 Macecofar Ltda cleaner 7
S-10 | Asesquim Ltda cleaner 20
9-1-2
9-3 1996 87
13,387 36.44 0.04
81




ANDI

1974 10.6% 1995 12.2%
2%
9-3
Number of Establishment 87
People Employed 13,387
Sales of Product made in the Establishment  (million pesos) 1,087,457
Cost Raw Materials (million pesos) 420,552
Labor Cost (million pesos) 63,789
(DANE, 1996)
9-4 1996
30 24
9-4 (1996 )
Category Classification Bogota (A) National (B) A/B
(t) (1) (%)
Soap Laundry Bar Soap 61,273 194,110 31.6
Laundry Powder Soap 20 130 15.4
Laundry Liquid Soap 1,038 1,230 84.8
Industrial Soap 849 2,789 30.4
Toilet Soap 1,080 18,980 5.7
Flake Soap 14 81 17.3
Sub-total 64,274 217,320 29.6
Detergent Powder Detergent 28,640 138,467 20.7
Liquid detergent 5,332 44,557 12.0
Solid Detergent 16,290 29,311 55.6
Sub-total 50,262 212,335 23.7
Total 114,536 429,655 26.7
(DANE — ENCUESTA ANUAL MANUFACTURERA)
9-1-1
-5 -1 1989 1996
1996



-5 ( t)
1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996
SOAP
Laundry Bar Soap 133,223| 150,334 181,834| 160,095 171,026| 163,672| 188,064 194,110
Laundry Powder Soap 86 74 83 72 54 62 58 130
Laundry Liquid Soap 666 688 900 813 776 858 1,324 1,230
Industrial Soap 1,227 1,403 1,391 695 2,054 1,644 1,269 2,789
Toilet Soap 12,391 26,010, 16,138 22,220/ 20,530/ 24,410/ 22,616/ 18,980
Medicinal Soap 199 221 297 207 160 104 567 508
Flake Soap 648 539 3 3 6 7 2 81
SUB-TOTAL 148,440 179,269 200,646| 184,105| 194,606/ 190,757| 213,900 217,828
DETERGENT
Powder Detergent 97,320| 90,069| 88,979 84,495 91,172 92,952| 132,968| 138,467
Liquid Detergent 23,988 16,222 18,717 22,324, 22948 34543 38,041 44557
Solid Detergent 43,446 31,541 33,794| 48,730/ 45330/ 50,022| 27,973 29311
SUB-TOTAL 164,754| 137,832 141,490 155,549| 159,450| 177,517| 198,982 212,335
TOTAL 313,194| 317,101 342,136| 339,654| 354,056| 368,274 412,882| 430,163
9-1
0O SOAP LIDETERGENT
250,000
200,000
t/ 150,000
ear
Yol 100,000 11
50,000 |
1989 1990 1991 1992 1993 1994 1995 1996
89 % 9 %
1996 65 %
.0 kg/ 5.8 kg/ 11.8kg/
1970
9-6 1989 1996




1990

ANALJA
9-6
ANNUAL GROWTH RATE (%)
1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 |Average

SOAP
Laundry Bar Soap 13 21 -12 7 -4 15 3 6
Laundry Powder Soap -14 12 -13 -25 15 -6 124 13
Laundry Liquid Soap 3 31 -10 -5 11 54 -7 11
Industrial Soap 14 -1 -50 196 -20 -23 120 34
Toilet Soap 110 -38 38 -8 19 -7 -16 14
Medicinal Soap 11 34 -30 -23 -35 445 -10 56
Flake Soap -17 -99 0 100 17 -71/ 3950 554

SUB TOTAL 21 12 -8 6 -2 12 2 6
DETERGENT
Powder Detergent -7 -1 -5 8 2 43 4 6
Liquid Detergent -32 15 19 3 51 10 17 12
Solid Detergent -27 7 44 -7 10 -44 5 -2

SUB TOTAL -16 3 10 3 11 12 7 4
TOTAL 1 8 -1 4 4 12 4 5
ANALJA 5%

1998
1997
1998
9-1-2
9-7 9-2
1870 20
1910
1950
1959 38 t




9-7 1000 t
1960 1965 1970 1975 1980 1985 1990 1995 1997
SOAP
Toilet 84 98 8 109 110 111 96 88
Laundry 71 36 35 65 49 34 26 24
Industrial 12 20 29 37 45
Others 12 6 8 10 11
Sub-total 347 171 151 122 198 184 183 169 168
Detergent
Powder 415 475 606 623 592 546
Liquid 189 299 362 371 | 428 382
Sub-total 86| 334| 626 01| 775| 968| 994| 1020 920
TOTAL 433 505 777 713 973 1,152 1177 1,189 1,097
g_
@ Soap O Detergent
1200
1000 -
800
1000t 600f

4001
2007

1%60 1965 1970 1975 1980 1985 1990 1995 1997

1959

1980

1930

1963




1960 1985

100
1975 1980
9-8 AIS (Association Internationale de la
D’etergence)
80 9-8
9-8 1991
9-1-3
1996
9-8 1990
Nation Consumption Consumption
(1) Per Capita (kg)
Germany 1,731,216 274
United Kingdom 1,651,700 28.4
France 1,485,553 26.3
Spain 1,395,485 34.6
Italy 1,330,900 23.1
Belgium 346,417 33.9
Holland 325,142 21.8
Turkey 324,668 5.7
Portugal 261,903 25.0
Greece 238,100 23.5
Austria 171,243 22.4
Switzerland 170,261 25.2
Denmark 122,062 23.7
Sweden 108,890 12.7
Finland 76,446 15.3
Norway 66,790 15.7
Ireland 53,685 15.1
Japan (in 1991) 1,833,772 14.8
Colombia (in 1996) 430,163 11.8
(AIS )
700 t



9-2

9-2-1

(1)

Azul K S.A.:1946
Unilever Andina S.A.: 1942
Detergentes:1964

N o g bk

90



1)

Detergentes Unilever Andina Azul K
9-3
9-3 (1)
: Animal Fats i prrsre i ———— grn———
Vegetable Ol i Additives i Fragrance i
- ] Water 1 p -
Saponification Salting > Mixing Extruding
f T Separation T
Sodium Hydroxide Salt i ! Cuttings {€| Cutting
A ....... AC|d Treatment | = e H

v

Alkali Treatment

v

Filtration

v

............. i

Packing

Evaporation

| Distillation




9-9 1997

1974 65% 1994 55.8%

9-9 (%)
Colombia Japan
1974 1985 1991 1994 | (1997)
Raw materials 65.0 62.1 56.5 55.8 47.7
Remuneration costs 8.0 6.6 5.3 11.7 22.4
Energy purchase cost 0.3 0.9 0.8 0.9 -
Total industrial costs 2.7 4.8 3.2 4.4 8.8
Sales tax 0.0 4.4 5.0 1.3 -
Depreciation 15 0.6 0.6 0.8 3.4
Total general expenses 8.5 12.6 15.1 17.0 10.1
(ANDI: Industria de Productos de Aseo y Cosmeticos
10 )
2)
9-4 9-5
9-4



9-4 (2)

i Animal Fats ESodium Hydroxideg
i Vegetable Oil | i Additives

AEEEsEEEEEEsEEEEEEsEEEEEEEEEEN .

Water, Steam

Fats Washing | > Saponification > Molding > Cutting > Packing

v t SO 7

| wasTe waTer | } Cuttings < : pPRODUCT

1.

2.

3.

9-5
9-4
9-3
9-4



9-5 (3)

PORAtty Acid P e e
{ Vegetable Ol i i sat | | Additives i Additives
¢ ¢ > ¢ ] > Vacuum > ¢
Saponification Salting Mixing Process Extruding
| Sodium Hydroxide | | WASTE WATER | ! cuttings j€— Cutting
 WeterSteam ‘
: PRODUCT i* | Packing
3)
9-6 9-5
30 20
9-6
Fatty acid
RN Mixing —{ Reaction — Maturing —» Drying
Sodium hydroxide ¢
Soap Base

9-3



(2)

9-10

9-10
CONVENTIONAL HIGH
With Non- DENSITY | LIQUID
Phosphate | Phosphate
SURFACTANT | LAS, AOS 15-20 17 - 25 30 - 40 10-15
AS, SOAP 2-3 2-3 3-5 0-2
AES - 2-5 2-5 10-15
AE - - - 20 - 30
BUILDER Na,O nSiO, 5-15 10- 20 15-25 -
Na,CO,
Phosphate 14 - 20 - - -
Zeolite A - 15-22 15-25 -
Na,SO, 40 40 30 -
ADDITIVES |CMC 05-1 05-1 05-1 -
Citric Acid - - 0-7 2-5
Enzyme - 0-0.5 05-15 05-1
HUMIDITY 5-10 5-7 5-7 40 - 50
Anionic Cationic Nonionic
Bionic
1. LAS
2. AOS
3. AS
4.
5. AES




AE

LAS
(STTP) TSPP
20 30
40 60
1960
1)
9-7
(LAS)
9-7
Sulfur Air Dodecil benzene Additives Hot Air

o ¢¢ i ................ : g s :

Converting — Sulfonation — Neutralization —» Formulation —®{ Drying

: PRODUCT i%—| Packing




LAS

Detergentes S.A.

2)

9-11 9-9 1997
20
54.3% 33.7%
1974 1994
5% 13.9%
9-11 (%)
Colombia Japan
1974 1985 1991 1994 (1996)
Raw materials 54.3 53.8 394 33.7 47.7
Remuneration costs 11.1 8.2 8.2 5.8 22.4
Energy purchase cost 0.2 0.4 0.5 0.6 -
Total industrial costs 1.4 2.1 2.0 1.0 8.8
Sales tax 0.0 4.4 4.7 1.5 -
Depreciation 0.7 0.3 1.0 1.3 3.1
Total general expenses 25.2 19.1 22.1 334 10.1
LAS
9-12




9-12

Category Name Structure
Anionic | Soap R-COONa
LAS (Linear Alkylbenzen Sulfonate) ROSO3Na
AOS (a Olefin Sulfonate) RCH=CHSO;Na
AS (Fatty Alcohol Sulfonate) R-OSO;Na
AES (Polyoxyethylen Alkyl Ether Sulfate) R-O(CH,CH,0),SO;Na
Nonionic | AE (Polyoxyethylen Alkyl Ether) R-O(CH,CH,0) H
9-12
1. LAS
linear
2. (AE) Cp
3. AES AE
4. o - AOS «a -
5 AS
LAS
9-6

300 500 ppm SO,

SO,
SO,
S0,



Sulfonator

9-8

Wet
Absorber

.

Electrical

Water

Dust Collector
)

l Oxidation
L Recycle to the Column
Neutralization

Process

9-9

Process

(CMC)

250 300
100 p



9-9

L/\A
s NS
Electrical
Q> Dust Collector
yclon Wet Dust
Collector |
£ A\ Recycle to the
Process
Spray Water
Dryer
Fine Particle
20
1.
1980
2. 1979
3. 1987
bulk density 0.35+ 0.05
+ 0.05
60
1/4
(3)
9-10

0.75



Water
......... ¢ Base
Hardness R :
—® Mixing —® Botting —®| Labeling — prODUCT :
Removal T
Additives
9-2-2
1.
9-2
200 t/
2.



9-3

9-3-1

(1)

9-4



(2)

(3)

(4)

1SO-9002

(5)

1998

9-3-2

INVIMA



9-4

9-4-1

(1)
9-13

9-2



9-13

(t/ )

Dangerous Harmless
Factory Name Waste Waste

S-1 Detergentes S.A. 0 30
S-2 Azul K S.A. 0

S-3 Arjona Ltda 0 0
S-4 Rioka 0 0
S-5 Jaboneria Reno 0 4
S-6 Industria de Jabones Aga Ltda 0 0
S-7 Jaboneria Lava 0 0
S-8 Laboratorios Sudamericanos Ltda 0 0
S-9 Macecofar Ltda 0 0
S-10 | Asesquim Ltda 0 0

(2)
1.
2.

9-11 9-12

9-11

|| Waste water ||

v

(1)

Fat Trap

—» Water Tank — Neutralization —¥®» Flocculation

v

v

|| Discharge

Activated Carbon Treatment |4— Sedimentation




9-12

|| Waste water ||

(2)

Fat Trap |—p| Water Tank |—| Neutralization
Coagulation/Flocculation 4>|| Sludge ||
Aeration
Clarification 4>|| Sludge ||
|| Discharge
(3)
10
Unilever Andina 9-14
9-14
Factory | Amount | Temp. pH BOD COoD Oil SST | SAAM
No. | (m*month) | ( ) (mg/l) | (mg/l) | (mg/l) | (mg/l) | (mg/l)
S-1 2,400 22.8 6.07 945 1435 4.4 51 -
S-2 1,000 25.6 7.67 4850 6300 415 503 7.8
S-3 5 194 7.36 310 364 25.7 - 3.75
S-4 80 18.0 7.9 1170 1980 644 518 -
S-5 30 16.8 9.34 2400 3850 451 435
S-6 0 - - - - - - -
S-7 15 17.7 12.7 | 18600 | 24800 208 5600 | 543.8
S-8 0.4 16.7 9.11 3960 | 18100 | 2187 672 2266
S-9 3.5 18.0 6.80 23 960 5 7 21.23
S-10 1 - - - - - - -
Unilever 1,600 22.3 6.68 385 678 11 157
DAMA STANDARD 30 5-9 1000 2000 100 800 0.5




9-14
S-7
S-1 1997 DAMA
(4)
DAMA
1)
BOD COD SS
9-15
9-15
BOD COD Oil SS
(mg/l) (mg/l) (mg/l) (mg/l)
DAMA 1,000 2,000 100 800
Japan | (General Standard) 160 160 30 100
(to rivers in urban area) 20 20 10 40
(Sewerage Law) 600 - 30 600
DAMA
DAMA
DAMA




BOD 1,000 mg/l —» 500 mg/l 160 mg/l
COoD 2,000 mg/l - 1,000 mg/l 160 mg/l
100 mg/l - 50 mg/l 30 mg/l
SS 800 mg/l - 400 mg/I 100 mg/l
2)
9-14 SAAM DAMA
9-16
9-16
Nation Applied to Year Substance Standard
(mg/l)
Wastewater
DAMA Industrial wastewater 1997 MBAS 0.5
Belgium | Surface water 1976 Detergent 3
Italy into Watercourses 1976 Surfactant 2
into Municipal sewer Surfactant 4
Indonesia | into Category 1988 MBAS 0.2
into Category MBAS 5
into Category MBAS 10
into Category MBAS 20
Drinking water
U.S.A Drinking water 1961 ABS 0.5
EU Al 1991 Surfactant 0.2
A2 Surfactant 0.2
A3 Surfactant 0.5
Japan Drinking water 1992 Anionic surfactant 0.2
Belgium | Surface water 1994 Nonionic Surfactant 0.5

Note 1. Category : suitable for drinking without treatment

Category : suitable for drinking with proper treatment
Category : suitable for Fishery, livestock
Category : suitable for Agriculture, industry and hydroelectric

power generation
Al: Simple treatment and disinfection
A2: Normal treatment and disinfection
A3: Intensive treatment, extensive treatment and disinfection

Note 2:




(ABS)

1961 ABS 0.5ppm
1978 0.5 mg/l 1992 0.2 mg/l
EU
(Directive on Drinking Water; 16 June 1975) Al,A2
A3
2 mg/l 4 mg/l
0.2 mg/l
5 mg/l
20 mg/l
DAMA 0.5 mg/l
0.2-
0.3mg/l
10mg/I
3)
DAMA 1997
1074 1984
1594
DAMA
50m?
9-14 S-1 S-2 80m?/



2.7m?%

50m?3/
BOD 160mg/l x 50m% = 8kg/ (2.9 t/year)
COD 160mg/l x 50m% = 8kg/ (2.9 t/year)
30mg/l x 50m% = 1.5kg/ (0.55 t/year)
SS 100mg/l x 50m® = 5kg/ (1.8 t/year)
DAMA
BOD 8kg/ + 1,000mg/l = 8m¥ (240 m% )
COD 8kg/ + 2,000mgl = 4m¥ (120 m¥ )
15kg/ + 100mg/l = 15m¥ (450 m% )
SS 5kg/ + 800mg/l = 6.3m¥ (188 m*¥ )
DAMA 4 m® 120 m®
9-14
S-1 S-2
9-14
9-17 S-1 Unilever Andina
DAMA
9-17
Factory BOD COD Oil SST SAAM
No. (t/year) (t/year) (t/year) (t/year) (t/year)
S-1 27.22 41.33 0.13 0.47
S-2 58.20 75.60 4.98 6.04 0.09
S-3 0.02 0.02 0.00 0.00
S-4 1.10 1.90 0.61 0.50
S-5 0.86 1.39 0.16 0.16
S-6 0 0 0 0 0
S-7 3.35 4.46 0.04 1.01 0.10
S-8 0.02 0.09 0.01 0.00 0.01
S-9 0.00 0.04 0.00 0.00
S-10
Unilever 7.39 13.02 0.21 3.01
Total 98.16 137.85 7.14 12.19 0.2




(5)

500 t/

9-4-2
(1)
1987 COD SST
1.43 0.08 t/
1.3 0.4 Contaminacion Industrial en Colombia, p.102; 1992:
DNP-PNUD
9-16 COD 10
Unilever Andina 139t/ 0.38t/ 95
1987 COD
1987 1/4 S-1
S-2 1999
COD
6300 mg/l DAMA 2000 mg/l
COD 0.14 t/ 42% 1987
86%
(2)
9-18 BOD COD
ThOD Theoretical Oxygen Demand
BOD ThOD

BOD/ThOD 70%



40 70% 40%
LAS-Na
ABS-Na
9-18 BOD COD
ThOD BOD, BOD4/ThOD COD COD/ThOD
(9/9) (9/9) (%) (9/9) (%)
Soap 2.7 1.7 63
ABS-Na 2.35 0.52 22
LAS-Na 2.35 0.90 39
AOS-Na 2.12 1.69 74
AS-Na 2.12 1.61 76
Glycerin 1.22 0.752 62 1.18 97
1. LAS-Na 20% 1996
50,262 x 0.2 = 10,052 t
2. 10%
9-2 S-6 S-7
1996
64,274 x 0.1 — (40 + 50) x 12 = 6,427 — 1,080 5,300 t
3. 5%
5,300 x 0.05 =265t
4,
BOD 9-19
9-19 BOD (1996 )
Amount BOD,
(t) (9/9) (Uyear) (t/day)
Soap 64,274 1.7 109,000 299
LAS-Na in Detergent 10,052 0.9 9,000 25
Glycerin in Soap 265 0.75 200 0.54
BOD 118,000t/ 9-17

98 t/




BOD 200 t/

BOD
(3)
9-13
9-13
PP .
- CONSUMER ;
FACTORIES [ e i :
| ] |
DETERGENT | i  SOAP
| HE |
; 50,000 t/year : 64,000 t/year ;
i ----------------------------------------------------------------- - GLYCERIN i
. 265 t/year |
| |
INDUSTRIAL DOMESTIC WASTEWATER
WASTEWATER
v BOD v v v
100 tlyear 9,000 109,000 200
0.1% 7.6 % 92.1 % 0.2 %
9-4-3
(1)



(2)

1960 ABS
ABS

ABS ABS

ABS
LAS
9-2-1 (3)

9-14
21, 338 (1972))
TOC
MBAS

o - AOS
AS

AES ABS

LAS ABS

1957
1965 LAS
1966
1970 85 %



Residual Percentage (%)

9-14

- -0 - - Based on TOC Analysis —e— Based on MBAS Analysis
100f 100K -
LAS
50+ 50 .
' Soap RN 0. . .. o
02 5 10 ° 20 30
100
- O~ C@ e
° P 2 )
50 ABS
0 10 20 30
100
501" AES
0. g,
.
o
0 10 20 ° 30
Days
ABS
LAS ABS LAS
ABS
1970
1980 100
9-33



9-5

9-5-1

(1)
9-3-1 (1)

(2)

50

(3)

-34

9-3

9-5



(4)

1)

2)

(5)
9-3-2

1)

2)

QUICK RECOMMENDATIONS (1)

ANDI



(6)

1)

2)

9-5-2

(1)

BOD COD

SS

COD
9-11

DAMA
9-12

BOD



9-4-1 (4)
DAMA
CoD DAMA
CcoD
CoD
45 %
(4)
(2)
1

9-5-3

(1)

m?/
BOD 500 mg/l COD 1,000 mg/I

BOD COD
2,000 mg/l 1,000 mg/l
28.8 t/ 12 t/ 13.0 t/
62t/ 1987 12%
9-4-1
4 m?¥
1,000 t/
750 t/
700 Pesos/kg
9-9
9-20



(2)
1)
(@)

(b)

(©

2)
(@)

(b)

(©)

9-20

1,000pesos
100 525,000
46 241,500
43.7 229,425
1.6 8,453
150 pesos/kWh 0.7 3623
52 273,000
7 %/
30 %/
X /
4,000,000pesos/
750 kg/h
150,000,000 pesos
55 kW: 5,940,000 pesos/
20 %
750 X 0.2=150t/
250 t/

50-70

40,000,000 pesos
5.5 kW: 271,000 pesos/




250 t/
(3)
9-21
9-21 1,000 pesos)
20 % 250 t/ 250 t/
105,000 175,000 175,000
54,240 87,100 396 81,028
37,500 37,500 -2,000 -2,000
(10,500) (10,500) (2,800) (2,800)
(22,500) (22,500) (6,000) (6,000)
(4,500) (4,500) (1,200) (1,200)
(-12,000) (-12,000)
13,260 50,400 1,604 95,972
6.3 2.5 9.1 0.4
2.5
0.4
9-6
9-6-1
1. 94




2. 95 %
3. DAMA
(1)
1)
(a)
9-5-1 (1)
(b)
1999 DAMA
(c)
2)
(a)
DAMA
9-22
9-22
BOD COD oil SS
(mg/l) (mg/l) (mg/l) (mg/l)
Near Future 500 1,000 50 400
Final Goal 160 160 30 100
(2)
1)
(a)
9-5-2 (2)




(b)

2)
(@)

9-5-1 (2)

(b)

9-5-1 (4)

9-6-2

(1)

(2)

®3)

-41

DAMA

1999



DAMA ACERCAR

ACERCAR
FRATI
ACERCAR
ACERCAR FRATI

ACERCAR 1999

DAMA ACERCAR
1999
ACERCAR
(3)
ACERCAR
DAMA ACERCAR
ACERCAR

1) ANARJA (1992). Estudio del Sector
2) DANE. Encuesta Anual Manufacturera 1996



3)

4)

5) ANDI. Industria de Productos de Aseo y Cosmeticos

6)

7) 1975 Vol.24 No.11, 777

8)

9) DNP-PNUD (1992). Contaminacién Industrial en Colombia
10) (1972). 21, 338

11) Vol. 17 No.8 p.51 (1976)

12) 1993

(



9-7 -1 -1
9-7-1
ANARJA
no
2
3
P
5 L
6) 9-15
9-15
General Manager | 17
I Secretary
Administration Production Finance Sales
Manager Manager Manager Manager
(5) | (62) | 4) (7
Plant Director Laboratory Accounting Salesmen
|
Boiler Molding Saponification Cutting and Packaging
7) 80
8) 6,400 m?
9) 9-16
25 m 73 m 3/4



Gy -

O
— 3 O00

Oficina

NSESENN

T —0O
99999899850 =

Caldera
Tanque de lavado
__________________ , Tanque de agua
Areade Q ______

Recibo de i i
1 ] S R Aceite | b
Primer Piso © Q """ anque de

Lo =

N S Area de Corte y Empaque Saponlflca0|0n
o =2

Oficina S ma
o S Cuarto
- @ T
< é Cuarto de D D D D D D D Seggdo
= Secadol
L < | [ [moldes || [
k 73,000 ]




10)

(80%)
11) 1998
2,316 t
1,837

12)

1.

2.

3.

4,
9-7-2
(1)

9-17
30 %
(2)
9-23
1999
9-23
Unit Capacity Cycle Time Operation
Fats Washing 8 t/batch 2 days/week
Saponification 20 t/batch 2-3 day/batch 4 days/week

Molding
Cutting

2 molds/batch 1 week/batch




Ly -6

Tanque
de agua
Elevado

9-17

50%
NaOH

i

7/

A

»Uso Domestico

Tanque de
Saponificacion

v

|_> Caldera

Carbon

Tanque Subterraneo
de Agua

Tanue de \AAAA
Lavado
38%
NaOH
Camion L E‘@
Cisterna
\j
=4 aTanquede
T_anque de agua Residual
acido Grasos
\

g U Yoy

Filtro )

® Sistema de |

Descarga

® Cuarto de Secado

. HH S8,
Jabon en Jabon Bola
Barra



(3)

9-24
9-24
Raw Material Consumption (kg/batch)
1. A 6,137
2. B 990
3. C 790
4. D 3,800
5. E 100
6. F 70
7. G 5,690
(4)
9-18
4,100 m?/ 50 % 1,920 m¥/
960 m?¥
9-18
A:
! B+C:

1,600 t/year

rreereeeseessneens ¢ : ¢ ¢ . 2,300 t/year

AWashing | »|  Soap Producing | 5. PRODUCT

2 A  rroouer |

+ Solid
TSRS N _ Steam 100 psi Fat trap Waste
: Tap Water: __, Boiler
i 4,100 m’/year ¢
CHR ; Waste Water
Coal 960 milyear
150 t/year



(5)

9-7-3

(1)
1)

2)

3)

(2)

(3)

(4)

9-7-4

- 49



9-7-2

9-7-4
(1)
55

(2)
DAMA 1998
9-25 No.1 No.2

9-25
Date Oct.28 ‘98 Feb.15 ‘99 DAMA
Point Unit No.1 No.2 No.1 No.2 Standard
Temperature 43.9 18.0 25.8 26.0 <30
PH - 4.8 7.9 5.2 5.9 5-9
Turbidity - 460 170 300 280
Conductivity M S/cm 1,999 5,860 7,240 9,030
D.O mg/L-0O, 2.9 0.4 0.5 0.5
BOD mg/L-O, 3,180 1,170 5,900 3,120 1,000
COD mg/L-O, 8,600 1,980 18,970 5,140 2,000
Qil mg/L 1,099 644 878 695 100
SST mg/L 688 518 1,030 495 800
Detergents mg/L 9.1 12.3 0.5




9-7-5

(1)

1)

(2)

1)

9-5-3

50 -100
40,000,000 pesos

DAMA



9-8-1

1)
2)
3)
4)
5)
6)

1960

1992

9-19

Manager (1)

Administrative Assistant

Technical Director

Secretary

7)
8)
9)

Accounting

Production

(2) (22)

Sales

33

(5)

9-20

1)



€5-6

9-20

29,000

14,000

-
No.4
Tanque No.2 No.3
Tanque Tanque
No.5 Tanque
No.7
v5 Tanque No.1
-3 Tanque
o 3 anque
Zu
T | - | -
- nnannail
Oficina Area de anque
Moldeado Almacenament
o de Carbon @
No.2 e Tanque
Elevador
o
Parqueadero | 3
No.2 Tanque de =
Tanque de Tanque de Almacenamiento ¢}
Sapofinicacion Saponificacion

de agua




10)

11) 1998
9-26
1993 1996 1997 1998
Production Ton 700 540 580 600
Sales million pesos 192 308 357 392
9-8-2
(1)
9-21
2 5mds
200 |
15
cuatro-canal
(2) Batch
5 t/batch

: 1.5 day/batch

15




GG -6

9-21

I
b
f

Tanques de ¢+
p
|

Grasas i
I v
I

50% NaOH Il
Tanque ,“1
o

v
*

|V

® Sistemade
Deacargue

Cardera

(a [

Carbon
Tanque de Agua

A

a Sistema de
Trampa de Grasas
en 3 Etapas

Tanque de
Saponificacion N Y |
o v
Area de
M e —— Moldes
v 7
= Area de %
Moldes
¢ | ] :
| |
| | : | ||:|:|:|
Cortadora mE=
Jabon en

Barra



(3)
9-22

26.8 t/month » Fats Storage

200 kg
100 kg)
170 kg

11 t/month

Tank

! i

Cut

' E

Cutting & Packing

80 HP

i RN Boiler
: 10.4 t/month i1

: Tap Water |

135 H

m3/month

f

I Tank

Clean up water

3.6 t/month

> Fat trap

Molding & Cooling |

off tips ¢ I

I | |
Saponification - . |RES|DUE ||
Tank :

4 t/month

Ash " Waste Water

" 30 m®/month




(4)

9-8-3

(1)

(2)

(3)

rw bR

1999

1999

ICONTEC (Colombian Institute of Standard)

anhydrous soap

as NaOH

SS



(4)

2.
9-8-4
(1)
1) 55
4t/
2) :361U
(2)
9-23 No.1 No.2
1992
9-23
Prmrmrm e ]
; Drainage Washing Water ;
N ;
| |
: Ditch :
| |
I'No.1 Point* I No.2 Point
| |
. 3 St Fatt Fat t Fatt . Outside Box
; age Fattrap | | Fattrap at trap p
|
; / \ 30 m*month
L Washing Water including rain water J

1998

1997 11 12



SS 6,786 mg/l

BOD 2,250 mg/l

CoD 4,839 mg/l

Oil 6,248 mg/l

Sulfurs 14 mgl/l

Phenols 12 mg/l

9-27

9-27

Date Nov.04 ‘98 Feb.25 ‘99 DAMA
Point Unit No.1 No.2 No.1 No.2 Standard
Temperature <30
PH - 6.5 9.3 4.7 9.6 5-9
Turbidity - 260 320 600 340
Conductivity U m/cm? | 10,360 1,469 18,000 400
D.O mg/L-0O, 0 0 1.1 6.4
BOD mg/L-0O, 1,380 2,400 14,400 555 1,000
COD mg/L-0O, 1,750 3,850 52,000 668 2,000
Qil mg/L 483 451 38,350 232 100
S.S.T mg/L 900 435 14,680 122 800
Detergents mg/L 0.41 0.72 0.5
Phenols mg/L 0.23 0.03 0.2
9-8-5
(1)
1)

DAMA




(2)

1)

9-5-3
750 kg/h
150,000,000 pesos
2)
9-5-3
50 - 100
2. 40,000,000 pesos
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Empresas
CHALLENGER
GUTEMBERTO
GALVANOTECNICA
INDUSTRIA ELECTROQUIMICA
RELEC
COLOMBIANA de ANODIZADOS
ANODIZADOS
IMEGA
MECROTEC

e o A\ SR
“Colombia, Santa fe de Bogota: ™
el U RA S T R




10

10-1

10-1-1

(1)

Chamber of Commerce
200 8,000
200
400
DAMA 1074 1997 DAMA
1999 3 DAMA 4
10-1
10-1
10-1
150
3
150 200
5 1
30 2
10 2
30 2
400 10
10-1

10-1




10-2

10-2

DAMA  10-2
(2)
10-2
DAMA EAAB
1998 8
DAMA 10-3

10-2



10-3

(3)

400

10-3

500 400 1
399 300 3
299 200 2 1
199 100 7 2
99 50 1 1
49 10 4 2
9 5 1
4 0 (380) 4
400 10
10-3 3,000m?
400
10-4
DAMA
10-5

10-3



v-01

10-4(1)

Visiting Date No.1'98 OCT 23-26 No.2 '98 OCT 27-28 No0.3'98 OCT 29-30 No.4 '98 NOV 3-4 No.5 '98 NOV 5-6
Company RELEC ANODIZADOS COLOMBIANA DE MECROTEC IMEGA
INDUSTRIALES ANODIZADOS
Employees 15 16 22 10 7/(Plating.5)
Product (Plated) Automobile parts Anodizing Anodizing Hard Cr. Zn plating

- Brake covers

for Al-profiles

for Al-profiles

for Molds, Shafts,

Supporting parts

- Bolts & nuts Rollers for electricity poles
Production 1,000 t/y 400 tly 100 tly 360 tly
Main Equipment Plating 19 Baths 12 Baths Electrolytic Tank
Cu, Ni, Cr, Zn | (10m? each) (4m? each) with exhaust Zn dipping bath
(Cd) (Ag)11 | 3 power generators gas treatment
mainly (80% by own (Designed by them) (9,4m?3)
Zn — Bath type generator)
- Barrel type
Control Level Preparation yard: Control level: Bad
Production Well controlled Atmosphere: Atmosphere: Well controlled Well controlled
Quality Bad very Bad
Water Treatment Nothing Under construction Nothing pH control, Under study
Discharged Water 170m3M 60m%M 120m3/M Sedimentation 40m°/M
Solid residues discharged 30kg/M, other use discharged 20m3*M discharged
Exhaust gas Duct for Cr.Plating Nothing Nothing Recovery of Cr. Nothing

Treatment

Treatment facility

General Comment

Managerial morale
is high

Eng. capability is
high

Improvement of
atmosphere is
necessary

Eng. Capability is
high

ISO 9000: in 2000

Well controlled
1SO 9000: in 2000
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10-4(2)

Visiting Date No0.6 '98 NOV 9-10 | No0.7'98 NOV 11-12 No.8 '98 NOV 13 No.9 '98 NOV 18 No.10 '98 NOV 20
Company GUTEMBERTO INDUSTRIA ACERO CHALLENGER |GALVANOTECNICA
ELECTROQUIMICA| ESTRUCTURAL
SmplIeERs 280 23 80(Plating 7) 98%2:?‘3”6% 5) 7(Operator 3)
Product (Plated) Automobile parts Steel structure Refrigerator Screws
Bolts & nuts - Bumpers for building Audio Bolts & Nuts
- Mufflers Office furniture
Bicycle parts
Production 5,600 tly 3,000 — 11,000 tly
Main Equipment No plating Plating Zn dipping bath Fabricator Plating
equipment. Cu, Ni, Cr. (7m? bath) Zn plating: Cu-Ni-Cr
Only manufacturing | (Decorative Cr '98 End. Stop Zn plating: bath type
and Fabrication plating) barrel type
Control Level Well controlled
Production Well controlled Highest control ISO 9001 & 2 (in '94)|  Well controlled controlled
Quality Level
Water Treatment Neutralization Under study Recycle system Neutralization Simple treatment
Discharged Water 270m3/M 200m3/M no waste water 600 - 800m®*M 250m°/M
Solid residues Stock - Disposal discharged Filter press 0.5m%M 150kg/M
Exhaust gas Nothing Ventilation Exhaust gas Exhaust gas
Treatment equipment. treatment treatment
General Comment | No Plating Operation, Quality: | Well controlled ISO | Recirculation water | Sample of simple
equipment. Best 1SO 9000: in | 14000:in 2000 '99, 1SO 9,000: in waste water
2000 2000 treatment
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10-5

Visiting Date February 16, 1999 February 18, 1999 February 19, 1999 February 23, 1999
Company A B C MAZDEL
Employees 140 (Galvano : 10) 340 400 (Galvano : 30) 45 (Galvano : 12)

Product ® Cargo for supermarket | ® Steel pipe:1/2-4*“ ® Steel pipe:1/4 -4 * ® Plastic Emblem

Production (year)

® Shell for Refrigerator
® Toys (car) for children

® Roof Sheet
® Plastic
Basket/backet

5,300ton / month

® Steel structure
® Galvanized pipe

Plastic nameplate
® Cu — Ni — Cr plating on
plastic

Main Equipment

Plating

® Cutting of wire & tubes
® Welding

® Cu, Ni, Cr, plating

® Electrostatic painting
® Assembling

® Shearing of coil
® Piping by ERW

® Hot dip Zn plating

® Colgating
® Forming for structure

® Slitter.

® Bending machine 5
lines.

® Forming machine

® Hot dip Zn plating

® Threading machine

Piping by ERW.

® ABS mold injection:
160 tons max.

® Mold Making

® Painting

® Cu, Ni, Cr plating
on plastic ABS

® Designed system by
computer

Water Treatment
Facility

® No treatment

® No treatment

® Discharge waste
water from 10
points to public.

® No treatment : 3 waste
water tanks
underground.

® Planning of water
treatment facility:
(24 million pesos.)
By the end of 2000.

Discharged Water | ® 4 — 5m®day ® 50m®/day ® 2000m*/month ® 5m?/day
(m*/day)
Laboratory Nothing Chemical analysis for steel| Mechanical testing only Equipment for test.

Remarkable points

1. Location is in industrial
zone (1.2km?)

2. Plating lines are nicely
arranged.

1.1S0O 9002 in 1999

2. High Technology

3. No concerns about
waste water.

1.1SO 9002 in 1999

2.1S0 14000 next step.

3. Waste material
recuperation is its first
concern.

1. QS-9000 applying.

2. Plastic plating
technology from Spain.

3.0nly 1 plastic plating
company in Bogota.




10-1-2
DAMA
ACERCAR

ACERCAR

DNP-PNUD 1992

CN

DAMA

DNP-PNUD 1992/Contaminacion Industrial en Colombia
1,200m?/ 36,000m?®/
52ton/ 1,600ton/
10
DAMA
DAMA
CN
DAMA

DAMA

10-1-3

30%

16

10-7



3.
10
10-6 10-6
10-6
Visited Company Waste water Treatment facility Future plan
(plating process) (m3/M) on operation
CHALLENGER Neutralization Water recycling
(painting) 700 Coagulation
Sedimentation
GUTEMBERTO 270 Qil separator
(Descaling) Neutralization
GALVANOTECNICA 250 CN - Oxidation
(Cu, Ni, Zn, Cr) pH control
INDUSTRIA Under study
ELECTROQUIMICA 200
(Cu, Ni, Zn, Cr)
RELEC 170 Under study
(Cu, Ni, Zn, Cr)
COLOMBIANA de
ANODIZADOS 120
(anodizing)
ANODIZADOS 60 Test operation Improvement
(anodizing) (Water recycling) study
IMEGA 40 Under study
(Zn dipping)
MECROTEC 20 Cr — recuperation Improvement
(Hard Cr) Water recycling
ACERO Neutralization
ESTRUCTURAL 0(?) Water recycling
(Zn dipping)
DAMA

CN

10-8




10-2

10-2-1

(1)
1)
10-1

2)
@)

(b) CN

(©

(d)

10
CN
Cu
Non-CN

10-1

CN

CN

10-9

10-1

RELEC

1998

Ni—-Cr



0
TN



(2)
1)
10-2
10-2 No.1

10-2

2)

(3)
1)
10-3

10-11



10-3

e
2)
(@
m
m
6.5mx 0.7mx 1.5m
m
mx m
10-3
20

(b)
(c) 10-3

10-12



(4)

1)

2)

10-4

1999

10-4

ACERCAR

(5)

1)

10-5

10-4

10-13

1999 5




10-5

10-5

2)

10-5
H,SO,
NaOH

10-2-2

1) )

10-14



(6)

1)

(a)

10-7

10-15



10-7

LSl

10-6

" N ™o < W

10-16



94%

4%
10-6
20um
300 | 40f 60[ 87
. 32 75
200 | oF a2 .
60
— 20f 25
x 10°100 [ 50[
@
10f
1|.o (I> 1.Io 2I.o 3I.o 4!0
psi
(b)
10-8
99.7% IC
0.1 8%
2u m
Iy m 05um

10-17



10-8

(©

Hv100 150

10-9

10-18




10-9

40 80y m
15 25pu m
1
10y m 1 10
g m
5 10y m
2)
(a)
10-10
74 m
0.1 0.3y
m
60 150
OA 3,000
20y m 20y m

10-19




10-10

0.1
20 30p m
300
500
(b)
a)
5 13%
10-11
10-12

10-20




10-11

Ni:90 92% P:8 10%

7.9 400 7.8
890
60p Q/cm/cm? 400 1/3
13x 10 ®cm/cm
0.0105 0.0135cal/cm sec
650
+ 10%
;500 550Hv 400 :800 1,000Hv
10-12
b)
400 700 500 600
Hv1,160

10-21




(7
1)

ABS
(a)
a)
ABS A)
ABS
1. 309/l
540ml/I
65
2. 3509/
200ml/I
b)

(B)

20%

20g/1

30g/1

10 - 22

(S)

60

ABS

65

60



35

35

35

(b)

%

%

%

1 409/l
1 40mi/l
25 35

0.1 0.3¢g/l
1 3ml/l
30 40

0.1 0.3g/l
10 20g/I
200 250ml/
30 40



b)

pH

(©)

pH

25

37

%

30

40

20 25g/l

8 12ml/l
5 129/l
20
20g/1
59/l
10g/I
59/l
8 9
20g/1
30qg/I
15g/1
59/l
5 10%

10-24
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2)

3)

4)

30V

10u

OA
1,000 10,000

10y m

10-25



5)

10-2-3

(1)

PVD
50y m
10
...NaOH
...HCI H,SO,
...HCl H,SO,

10 - 26

HNO,

...H,S0,



(2)

pH 5 9
pH
pHO.6 pH11

10-7

10-7

10 - 27
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(5)

pH

10-29

pH



10-3

10-3-1

(1)

(2)

1)

2)

1SO14000

10-1

400

200 300m?

10 ISO9000 1999
ISO9001 9002

10-2-3

10-30

2000

10



3)

10-3-2

10-4

10-4-1

1)

(1)

10-31

pH



ton/

DAMA

10
DAMA
(2)
COD BOD SS
1) —
(@) 10-13
10-13 (2) mg/I
Visited Waste water . T.
company (mIM) pH CN Cu | Ni | Zn Cr Al
A 170 33-1.2 415 |2.32 |0.72| 73.6 |15.8| -
133
1.7 - 110.8-[75-]10.9 -
B 200 2.4-6.3 - -
3.1 6.1 |99 | 5.7 162
C 250 5.5 73 1.4 (16.9| 56.5 (68.1| -
DAMA standard 5-9 1.0 [0.25]10.2| 5.0 |1.0]| -
10-32



(b)
10-13

a) pH
pH 5 9
b) CN CN
C CN 73mg/l
c) (Cu, Ni, Zn, T. Cr) DAMA standard
d) DAMA standard
CN 40 Cu 15 Ni 180 Zn 10 T.Cr
80
2 1
2) —
T.Cr

10 - 33



3)

€) 10-14
10-14 (2) mg/l
Visited Waste water . T.
company (MIM) pH CN Cu | Ni | Zn Cr Al
D 120 1.96 1.08 - - - - 1402
E 60 2.4 0.97 | 0.05(0.91 110 1.85| -
DAMA standard 5-9 1.0 |025|0.2| 50 |10]| -
(b)
10-14
a)
CN
Al 402mg/I
b) pH pH2
pH5 9 pH
300mg/I
c)
1999
Al
4)
10-15

10-34




10-15 3) mg/l
Visited Waste3water oH CN cu Ni 7n |1 crl Al
company (m>/M)
0.48 -|0.45 -| 68 - |0.85 -
i 40 18-34 057054 | 74 |1.05|
G Nearly 0 (?) (No sampling)
DAMA standard 5-9 1.0 |025|/ 02| 50| 10| -
G
a) Zn
F
Zn
Zn
b)
G F 1999 5
5)
10-16
10-16 4) mg/I
Visited Wastegwater oH CN Cu Ni on 1T crl Al
company (m>/M)
H 700 6.8-6.9 0 |<0.04(0.18|6.13 |<0.06| -
| 270 6.1 0 |<0.04(<0.06(1.19 [<0.05| -
DAMA standard 5-9 1.0 | 025 | 0.2 | 5.0 ]| 1.0 -

10-35




10-4-2

DAMA
DAMA
1)
10
IN - TAKE
IN-TAKE
IN-TAKE
10-3 3,000m?/
3,000m?/
10-3
10,000m?/
(2)
300 10-1
3,000m?/ 10-17

10 - 36



10-17

10-17
(Kg/M)
gl - 3,000m%/M 10,000m/M
CN : 40 120 400
Cu:4 12 40
Ni : 40 120 400
Zn : 50 150 500
T.Cr:80 240 800
10-17
(a)
(b)
© CN CN
CN DAMA
CN
10-4-3
10-9

10 - 37




10-9 DEVELOPMENT OF PLATING INDUSTRIES

COMPANY BILION¥
EMPLOYEE
45,000 3,000 300
PLATING
40,000 COMPANIES
35,000
2,000 // / 200
30,000 < /, ) GNP
25,000 ,’I /
/
1,000 7 V4 100
20,000 / /"
/
|P'”"T “/"
«——‘“/
1945 50 55 60 65 70 75 80 85 90 1995
1955
1963 1964
(1)
1)
a) 1963
b) 1969 10

10 - 38



2)

1968 (

49
252
142

3)
1975

4)
1955

1985 1987

10-10

10 -39



10-10 ENVIROMENTAL PROBLEMS

. PAPER COMPANY PULP SOLUTION FLOW OUT
I CN PLATING SOLUTION FLOW OUT
I CN GAS GENERATION
Cd PROBLEM : ITAIITAI SHICKNESS |
. Cr+6 PROBLEMS
SOLVENT VAPOR !

PLATING / GNP
COMPANY /’ BILLION
¥
/\\ o

- // — ~~_

.—_././.l/-
1945 1955 1965 1975 1985 1995
(2)
1958
1967 1970
1974 3900 89 3490

1)

1968

10-40



2)
1971

®3)

© g > w NP

1971

23

1973
36

30

1974

COD

10-41



10-5

10-4-1

(1)

1) CN

2)

3)

(2)

CN

CN

CN

CN

10-42

CN

CN



N

3.
4.
5,
6.
7.
8.
9.
10.
11.
12.
13,
14.
15.

(3)

1) Q/R(1)

1
1, 5S
2,
3,
4.
Q/R(1)
2
QR(1)
Q/R(1) 10-18

10 - 43
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10-18(1) Visited Companies for Follow-up (2nd Stage)

Visited Date

February 12, 1999

February 12, 1999

February 19, 1999

February 19, 1999

Company

MECROTEC

COLOMBIANA
ANODIZADOS

GUTEMBERTO

IMEGA

1. Executed contents
for Q. R.

Acomplishment of 3 S.

Improvement on 3 S.
(Preparation Yard)
(Product Yard)

3 S. in Coil yard &
Disposal yard: very good

Operator’s corridor:
Strongly binded.

2. Contents Fuel Oil Under construction of
(Under Study) - collection pit:
for Q. R. LPG ® Oil separation1 - 3
(April '99) ® Pit volume up
(completion in the
middle of March '99)
3. Further 1. Improvement of sand Water recycling system 1. Same as above Water recycling system in
improvement blast chamber. under construction 2. Installation plan of the |preparation phase.

2. Improvement of water
recycling.
(Two ion exchanger)

filter press after
neutralization (August
1999)

(End of March ‘99)
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10-18(2) Visited Companies for Follow-up (2nd Stage)

Visited Date February 23, 1999 February 25, 1999 February 25, 1999 February 25, 1999
Company INDUSTRIAL ACERAL CHALLENGER GALVANOTECNIA
ELECTROQUIMICA ESTRUCTURAL

1. Executed contents
for Q. R.

Inprovement of
venturalion (natural)

Water recycling
system completion :
Jan’'99 - June ‘99

Plating system : No
operation
December ‘98

2. Contents Advanced water
(Under Study) treatment facility.
for Q. R. (Automatic control)

3. Further 1. Filling system. Water recycling
improvement (standards and system is now being

instruction)
2. Removal of CN
bath.

planned.

SELLING

Representative: Margarita Colina
1979: Purchasing of this company.
1995: Installation of water treatment
facility underground.

1st tank: 2m?®

2nd tank: 3m?®

3rd tank: 5m?

4th tank: 5m®
Construction cost: 20 million pesos.
Observation of DAMA's guide.
December '98, stopped business due
to loans & not competitive product
price.




10-5-2

(1)

10
CHALLENGER
CHALLENGER
GUTEMBERTO GALVANOTECNICA COD,BOD
SS
GUTEMBERTO
10-4-1
Cr Ni, Cu 90
DAMA
50 °3
pH
pH
(2)
10 5
pH
pH
CN Cr
10-11

10 - 46



Cr

10-11

Cr
10-12

10 - 47




10-12

10-13
10-13
—
l >
, 6

10-13




30-50

3 10-14

10

10-14

4

10 -49




10-6

10-6-1
DAMA
2 DAMA ACERCAR
ASOMMETAL FEDEMETAL
2 SEMINAR
(1)
1) DAMA
5
1.
2.
3.
4,
5.
5 1998 7 12
DAMA
Pre—study
Pre—study
2) ACERCAR
Asociation
ACERCAR
Pre—
study ACERCAR DAMA
ACERCAR

10-50



3) ASOMMETAL

ACERCAR ASOMMETAL

ASOMMETAL 1989
70 ASOMMETAL 1992

DAMA

4) FEDEMETAL
FEDEMETAL

FEDEMETAL Seminar
FEDEMETAL

Pre—study

(2)

Pre-study DAMA

(3)
10-4-3

10-51



30

1)
1977
11
14 () 20,000m?
400
2)
10-19 14
10-19
A
B Cu,Ni
C Ag,Sn
D Au,Cu,Ni,Cr
E Cu,Ni,Cr,Zn
F Cu,Ni,Cr,Au Ni Cr
G
H
|
J Cu, Ag
K Cu, Ni, Cr, Zn, Sn Ni
L
M
N
L
M

10 -52




3)
10-20

10-20

1945
1969
1971
1976
1976
1976
1977
1977

0 N © 0 -

4,150,000,000

4)

10

120m?

(b) —

(d)

10 - 53



(e)
()

5)
10-15

P wnN PR

11

10-4-3(2)

10-54

13



10-15

pH

|||||||||||||||||||||||||||||||||||||

10-55




(4)
DAMA

1)
Chamber of Commerce
2)
Hospital

3)

Location, Time schedule

10-6-2

DAMA ACERCAR
ASOMMETAL

(1)
(@) DAMA
1.

Chamber of Commerce

2. DAMA

DAMA

Rehabilitation Center

Top priority
PR
Incentive
FEDEMETAL
DAMA

10 - 56



DAMA
DAMA
4, DAMA
INCENTIVE
5.
(b)
1. DAMA
2.
3.
1) Non CN
2)
3)
4.

(2) Promotion plan
10-21 Promotion plan (DAMA's action)
10-22 Promotion plan (Company’s action)
Plan

Short term Medium term Long term 10
10-6-1 10-21

50m?®/day 30m®/day
DAMA

10 - 57
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10-21 Promotion Plan For Reduction Of Industrial Pollution

*Time limit
DAMA's action Short Term Medium Term Long Term
1. Promotion of Registration 1. To Chamber of Commerce
2. To DAMA
Plating Companies
CN - Plating Classification of companies
Cu — Ni — Cr —plating Inside
Others Outside
Prohibition of plating production
by non registered
Companies
2. Setting-up Regulation on water consumption (Waste water volume)
1) More than 50m3/day or Related companies action (A) (B)
1000m3¥month. Every 3 month Allocation of responsible person on
Report on waste water volume & waste water.
*
Chemical composition
2) More than 30m?day or
600m3/month.
(A) * (B) *
3) Less than 30m®/day or
600m3/month.
(A) (B) *

3. Setting-up of penalty regulation for violation of DAMA standards

1) More than 50m3/day or
1000m3/month.

2) More than 30m?®day or
600m3/month.

3) Less than 30m®/day or
600m3/month.

©

Suspension or

production

Prohibition of plating




65 -0T

DAMA'’s action

Short Term

Medium Term

Long Term

4. Setting up Incentive Regulation

(1) DAMA's certification

(2) Incentive regulation for the
companies with DAMA's
certification

In case of satisfying the DAMA standards
at the company. (Less than 30 m®day or
600 m*/month)

DAMA should discuss with related
authorities

5. Industrial park for Plating industries / metallic industries

(1) Study & Research:
Contract of consultant
(2) Promotion

(3) Evaluation:
Contract of consultant

(4) Design & execution:
Contract of consultant

(5) Modification or duplication of
industrial parks

Selection of Locations
Condition of moving
incentive conditions

| P.R. for only registered companies |

Selection of participating
Companies.

Note

Priority:

1. Companies in residential area.
2. Companies in high technical level.

» INDUSTRIAL PARK |

i

INDUSTRIAL PARK
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10-22 Promotion Plan For Reduction Of Industrial Pollution

*Time limit

Company’s action

Short Term

Medium Term

Long Term

1. For registration of Plating companies

CN - Plating
Cu - Ni —Cr - plating
Others

Registration
1. To Chamber of Commerce
2. To DAMA

2. For Regulation of Water consumpti

(1) More than 50m®day or

on (waste water volume)

Study of discharge water system

1000m3/month.
(2) More than 50m?®day or Operator education and training
600m3/month. *
(3) Less than 30m®/day or Recording of discharge water volumes
600m*/month. and chemical composition
3. For penalty regulation for violaiton of DAMA standards
(1) More than 50m?®day or Installation of water treatment
1000m3/month. facility
(2) More than 50m®/day or : s
600m>3/month. e
(3) Less than 30m®day or | Study for installation of Water treatment facility
600m*/month. v "

| Installation of water treatment facility

4. For Incentive regulation.

(1) DAMA's certification.

(2) Incentive regulation.

| Certification

v

| Benefit

5. For Industrial Park

v
PLATING ASSOCIATION )=>l_v

Participation in INDUSTRIAL PARK

*




JIS
1SO14001
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10-7

1998 10 12
10-23

2. 10-23

10 - 62

10
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10-23 EVALUATION FOR SELECTION

General plating Anodizing | Picling Hot
dipping
Evaluated items Allotment | P-1 | P-2 | P-3 | P-4 | P5|P6|P7]|P8]| P9 |P-10
Anticipated (1) Current load to Environment
Effect of (1) process waste water 30 30 | 20 | 20 0 10 5 5 5 20 | 10
Improvement (2) poisonous waste 10 10/ 5| s o|ls]| 5| o]o]|5]s
(3) general waste 5 5 | 5 | 5 o5 |5 0|05 ]s
Sub-total 40 40 | 30 | 30 0 20 | 15 5 5 30 | 20
(2) universality of problem 20 20 | 10 5 10 | 20 | 20 | 10 | 10 | 10 | 10
Total (1) 60 60 | 40 | 35 | 10 | 40 | 35 | 15 | 15 | 40 | 30
Availability of | (1) Technical availability
Improvement 1) Improvement of operation 15 15 | 10 | 10 0 15 | 15 0 0 5 0
2) Re-use and recycle of resources of
waste materials 15 15 | 15 | 15 0 15 | 10 0 0 15 0
3) application of new process 5 5 5 5 0 5 5 0 0 5 0
Sub-total 20 20 | 20 | 20 0 20 | 20 0 0 20 0
(2) Company posture
1) collaboration 10 10 | 10 | 10 | 10 5 10 | 10 | 10 | 10 5
2) intention 10 10 | 10 0 10 5 10 5 5 10 0
Total (2) 40 40 | 40 | 40 | 20 | 30 | 40 | 15 | 15 | 40 5
Total (1+2) 100 100 80 | 75 | 30 | 70 | 75 | 30 | 30 | 80 | 35




10-8 - -1
10-8-1
1)
1) 10-24
(OWNER)
Q/R(1) 5S f
’ 10-1
2) 10-16 Layout
10-2
3) 10-24
10-17
2. 10-18
10-24
1.
2.
3.
4,
6. 15
2000 30
7. 500m? 300m?
8. 1.
2.
9. 10%
11. 1.Ni-Cr 250tonly
tonly 2.Zn-
Static type 480tonly
Barrel type 480tonly
1998 10 23 26
1999 2 10 3 12

10 - 64




10-1

10-16 Layout
20m.
A< >
®IEI® © ®
R < [R]
B Basket (R]
ZnB1 C Ni-P
B2 Zn -P
B3
B4 -N
[R]
EC
Waste water pit
> [R]
Cd-R
25m. i
A: Degreasin
Product R: Ringin ] g
y N: Neutralization
EC: Electrolitic Cleaning
C: Chromating
D: Drying
B: Barrel
ontrol Collection
oom Pit
L[ ]
Preparation Stockyard
v
v

10-65



(1) Ni

i ¥

(3) Zn (Static Bath)
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(2)
1998

10-17

120

100 A

80 -

60

20

1995 1996 1997 1998 1999
(Estimated)

O sales Amount H Total Cost

10-18

100%

80% - 40 39 50

60% A

61
40 % 46 60 50

20% -

) ) @) (19)
0%

(22)

1995 1996 1997 1998 1999
(Estimated)

() Labor costs/Fixed cost O Fixed Costs O Variable Costs

0.2%
1999
14

20 30%

30 40%
50 60%

10 - 68




60%

10-17

10-8-2
1)

10-19

arrel e

1 Zn PlatinggtatiC Bathg Chromating

2 Ni Plating Cr Plating
1)

10-19

Electric Degreasing

Electric Degreasing

2) Zn Plating, Chromating

Barrel Plating Non-CN
Static Bath Non-CN
Barrel Plating
Barrel Plating
Barrel Barrel
CN
Non-CN
CN Non-CN

10 - 69



3) Ni Plating, Cr Plating
(@ CuPlating (CN )

Ni Plating
Cu
Cu
Cu CN
Zn Plating (Barrel)
Non-CN

(b) Cr Plating

10-70

Non-CN

Cu

CN



10-19 Process Flow

Alkaline Decreasing

v v

Rinsing

v

Electric Decreasing

v

Rinsing

v v

Neutralization

v v
Rinsing
g v )
Zn Plating Zn Plating Ni Plating
(Barrel) (PH 12) (Static Bath) (PH 4,5) PH (4,5)
2 v
Rinsing Rinsing Rinsing
v v
Rinsing Cr. Plating
Barrel ---- Basket (PH 1.5)
v v
Rinsing Rinsing
_________________________________ _v A 4
Chromating
v v
Rinsing
___________________________________ I
v v
Drying Drying
(Centrifugal Dryer) (Hot water)

(2)
10-20

EAAB

10-71




1)

2)

10-20 1800m3/y 150m3/M
5m?/
15
5m?/
10-16 Layout
10-21
10-20
(m3/year)
2000 |
2000 | ‘\‘\‘/‘
1000 |
n
190K 190A 1997 1908

10-72




10-21

Ni Cr m3/day
Zn
(Static Bath) m3/day
Chromating
Zn
(Barrel) m*/day
Chromating
| m3/day

(3) Chemicals
10-22 Chemicals

10-22 Chemicals

ALKALINE DEGREASING

800

700
600
500

400
300
200
100

CONSUMPTION

1995 199 1997 1998
YEAR

Zn Alkaline Consumption

2000 4
1800 -
1600 -
1400 -
1200
1000
800 A
600 -
400 A
200 1

CONSUMPTION

1995 199 1997 1998
YEAR

—@— NaCN = [l =NaOH === Zn(CN)2 == Anodes Zn === Bright(liters)

10-73




(4)

CN
CN
Cr

A WDN P

Zn

Zn
Ni-Cr

10-8-3

(1)

Chromating

10-16 Layout

(Barrel)

Static Bath  -Chromating

Neutralization

10-8-4

10-74



15

(2)
Chemicals
Chemicals
20
(3)
1)
(@
Owner

(b) Cr

Cr Cr*¢

1)
(1)

2)

Chemicals

1999 20 EAAB

1074/97 DAMA Standard

10-75

RESOLUSION



EAAB
(4)

1

2 EAAB
10-8-4
(1)

BOD, COD SS Oil

10-23

DAMA

CN, Cr*8, Zn, Ni

10-76

EAAB

pH

CN

Cr*

Zn,Ni

pH



1 Zn Static Bath & Barrel -Chromating

----1998 10 23
2 Zn Static Bath -Chromating
---- 1999 11
3 Ni-Cr Zn Barrel  -Chromating
---- 1999 17
10-23
1 1998 10
2 CN 1999 11 CN
CN
3
1 CN DAMA 10 40 10 40mg/l
2 TCr DAMA 15 15mg/|
3 Zn DAMA 15 10 70mgl/l
4 Ni DAMA 15 mg/l
5m?/
10-21
(2)
Ni-Cr CN Cu
1998 Cu 10-8-
2(1)
CN CN

10-77



10-23 Analysis Data by Operation Pattern

60 -

40 ~

20 ~

<Operation

Pattern>

1998 Oct.23
Zn static Bath

Zn Barrel

Chromating

1999 Feb. 11 1999 Feb. 17
Zn static Bath Ni - Cr plating
Zn Barrel
Chromating Chromating

<CN> mg/l

17

<T.Cr> mg/l
9.44

6.38

3.75

<Ni>mg/l /

10-78




10-8-5

(1)

1.Cd
2.CN (Cu ) 1998
CN (Cu ) Ni-Cr Cu Ni

()

1)
10-24
() cd
1) cd (0.6md)
2) Cd (2.2mx 2.6m 5.5m?

Step up Plan
Step up Plan

10-25 Step up Plan
3. 1st Step Plan CN-Treatment Zn (Barrel)

Storage tank
10-25 Improvement Plan

10-26

10-25 Step-up Plan Batchwise

10-79



25m.

10-26 Step-up Plan

Step
10-24
20m.
®®® © ® Cr-P
[R] I [R]
[]step1
B - Basket [R]
ZnBl C Ni-P
B2 7n - P []step2
B3
B4 s [’ O s
EC
Waste water pit
> [R]
(Cd-P)
C ]
A: Degreasing
Product R: Rinsin
yar'a N: Neutrdization
EC: Electrolitic Cleaning
C: Chromating
D: Drying
B: Barrel
Gentral Collection
oom Pit ]
Preparation Stockyard
v
10-25 Step-up Plan
Basic Idea

1. Isolation of each process (CN, Cr*®, others)
2. Installation of storage tanks

----- Discharged water including rinsing water and dropping water from
each process, is stocked in the

orage tank.

----- Batch-wise treatment faci

3. Installation of treatment facil it?{t
ity.

1% st lan :

SN E

CN-Tr

(1-2m?)
(2m’)

Isolation of barrel plating and rinsing for CN-process
Storage tank
Reaction tank
Piping from CN zone pit to storage tank.
Pump

Covers between each tank

Treatment operation :

Total 1 hour : TRAINING STAGE

2" step plan : C*-Treatment

1. Isolation of Cr-plating and chromating processes

2. Piping and pump

step plan :

Total Treatment

1. Additiona storage tank.
2. Piping and pump.
3. Filter press

Installation of walls and pits.

10 -80



IMPROVEMENT PLAN, CN-TREATMENT FACILITY

Alkaline Degreasing Improvement Area
1%, Stage
A 4
Rinsing |
v
Neutralization |
v
Rinsing
A 4
Zn Plating (Barrel) ...<cover>
Zn Plating (Barrel) ...<cover>
Zn Plating (Barrel) ...<cover>
Zn Plating (Barrel)
<CN Treatment >
— Facility
Rinsng
A 4
Rinsing
Barrel - Basket
Rinsing ST .
<WALL> —
PN
x
v
Drying Discharge

10-81




10-26 Batchwise Treatment Method of Metal Plating Waste Water
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(3)

1. Wall

2.
10-25 Step-up Plan
1st Step CN Treatment
2000
2nd Step Cr*® Treatment
2000

3rd Step 2001

10 - 83



10-8-6

10-25 Step-up Plan

(1)

10-26
10-26
(PESO)

1st step

1.CN
( ) 1,500,000 800,000

Cd
3
2. Strage tank (1 2m?) 1,000,000 200,000
3. Treatment tank (2m?%)

(ORP,pH ) 15,000,000 9,700,000
4. Piping 800,000 500,000
5. Pump (2) 300,000 300,000
6. Cover (PVQC) 200,000 200,000
| 18,800,000 11,700,000

2nd step

+6
1.Cr 1,500,000 800,000
2. Piping 900,000 600,000
3. Pump (1) 300,000 300,000
2,700,000 1,700,000

3rd step

3

1. Storage tank (2m°) 1,000,000 800,000
2. Piping 900,000 600,000
3. Pump (2) 300,000 300,000
4. Filter press 450,000 450,000
| 2,650,000 2,150,000
24,150,000 15,550,000

10 - 84




()

Chemicals

Chemicals 10-27
10-27
Chemicals (PESO) (PESO)
1.CN
NacClO 640Kg 1900 1,216,000
2.Cr*
NaHSO, 880Kg 1600 1,128,000
3.
NaOH 500Kg 1970 1,485,000
H,SO, 200Kg 1560 1,112,000
Coagulant 1001 1800 1,180,000
2,021,000
3)
DAMA Penalty
1)
CN
10-21 4m3/day
2mé/day
... 2mé/dayx 25day/Mx 12M = 600m?3/y
... 600m?yx 3007Es°/m?* = 180,000"E5%/
2)
5m3/day
3) Penalty
DAMA Penalty:71million pesos per day in 1999 DAMA
Penalty
Penalty

10 -85



+ = 26,171,000 PESO ( 10-26, 27 )

Penalty 71,000,000PESO
Penalty
Penalty
@ 1999 20 (EAAB)
340,310PESO  Penalty
EAAB Penalty
340,3107°x 6 = 2,041,860/
(b) Penalty
5%
6
250,000Y%x 5% 0.05 = 1,400,0007°/
(4)
10 /10 +
(A) (B) +
Penalty 10-28
10-28
(PESO)
2,415,000 + 2,021,000 = 4,436,000
(A)
1,555,000 + 2,021,000 = 3,576,000
®) 180,000 + 2,041,860 + 1,400,000 = 3,621,860
A/B 1.22 ( 0.99)
A/B 1.22 0.99
DAMA

10 - 86



10-9 -2 -2
10-9-1
1)
1) 10-29
(OWNER) ACERCAR
1997 EL TIEMPO( No.1 )
2) Layout (6.5mx 0.7mx 1.5m( ) 14
Process flow
10-3
(2)
1999 1998
600ton 60% 360ton
10-29
.
2
3.
4,
5 |
6. 16
2000 20
7. 850m? 850m?
8.
6m*-
19. No.1 No.3 4
100.
11. 14 tanks 10 14m?®tank
3tanks
100ton/month
Power generator 80% total consumption
1998 10 27 10 28
1999 15 12
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(3)

10 -89



10-9-2

(1)

10-27
(14)
8.5m
(2)
()
10-30
10-30
H,SO, 10 20%
Aldm?
10 25V
15 25
20 50min

10-90

(2ton)



10-27 Process Flow Sheet

<Operation Pattern>

DEGREASING
\ 4

(NaOH) preparation

DEGREASING

Spare | area

v

RINSING
| 2

NEUTRALZATION

k|
RINSING
¥

560 ton/y
1 Shift

(H.SO,)

ANODIZING

v

ANODIZING

A 2

ANODIZING

Usually
2 Tanks Operation

(30-40 minutes)

(H.SO,)

Spare

2
RINSING
\ 4

RINSING

v

COLORING
v

RINSING
v

Waiting
_ section
Electrical Chemical

Packing

Waiting | area

RINSING
v

section | 560 tonly

DEGREASING

v
SEALING
X

1Shift
Heavy
greased material

Spare Space

(NaOH)

SEALING

(3)
10-28
(1999 )

(10-9-4)
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(4) Chemicals

10-31
Chemicals
10-31 Chemicals ( )
NaOH 0.6 ton
H,SO, 4.0 ton
SnSO, 0.2 ton
Inhibitor 100Kg
Slabilizen 300Kg
10-28 PRODUCTION & WATER CONSUMPTION
700, | Production (Ton/y)
600
500+
Estimated
4001 LT 360 Tonly
300" i
2001 i
100" i
35001 | Water _ i
3000 E:rgg}%mptlon i
25001 i
20001 :
1500+ ]
10001 i
508' ----------- 240m?ly
1996 1997 1998 | 1999 E
No recycling > A ol !
system Recycling system i
4,2mftn L, >0,6m¥tn :

10-92




()
1)

1.2m
3S
2)
10-9-3
(1)
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16

()

pH

)
1)
(a)5S

Chemicals

5S
58S

Q/R(1)
(b)

Q/R(1)
2)

1999

10-94

pH

Q/R(2)

Recommend



(4)

pH

10-9-4
Al
pH
Al Al(OH), Al,(SO,),
AR H,SO,
1999
1)
10-29 Refreshment of Anodizing Solution
1)
25¢/1
1/3 3m?
2) 1/3
Neutralization
3) Neutralization TREATMENT TANK

TREATMENT TANK

4) TREATMENT TANK
NaOH

10-95



Coagulant o 10-4 )

TANK TANK
CHARCOAL FILTER ... ( 10-5 )
TANK FILTER PRESS

5) CHARCOAL FILTER

Inhibitor o 10-6
6) CHARCOAL FILTER
9m?® 10-29 Vv,
V,;=9m3x 1/3=3m? 3m?3
12m?/
10-30

10 - 96



10-29 REFRESHMENT OF ANODIZING SOLUTION

NEUTRALIZATION

V1

"T—>| ANODIZING

WATER
(H2504) RECYCLING
TREATMENT

TANK CHARCOAL

o *1 —>  FILTER

*2

V3

--—-FRESH WATER V2
(Industrial Water)

V1=Vyr=Vj3

1 . (9m?3)
V; == *TANK'S *
1573 VOLUME 2weeks)
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10-4 TREATMENT TANK

bl el et Bl i

10-5 TANK
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10-30 WATER

DEGREASING | (NaOH)

RINSING
NEUTRALIZATION| (H2S04)

A

A

«—| RINSING

ANODIZING | (H2S04)

— RINSING ¢

COLORING
— RINSING

TREATMENT
TASK .| CHARCOAL

A

*1 »  FILTER
“““ 16 m3/day
2 (2m3/h) (8hrs)
FILTER | J *1- NaOH
PR¢ESS *2: Coagulant
*3 *3: Pressed sludge
10-31
Sampling point
TREATMENT TANK (*3) (*4)
TANK Turbidity 16531
pH (*4)  Charcoal filter(*5) pH  pH

pH

10-99



10-31 Sampling Points and Analysis Data

*-

D: Degreasing

R: Rinsing

N: Neutralization
AN: Anodizing

T:  Treatment TANK
C: C.Filter
Sampling point

*

AN

.
*
3
*

t o

Sampling
Point

121
10

8 o}
6 --

pH

4 - H

Conductivity

Turbidity

Temperature

Sampling
Data

.............

_____________

______________

'
.............

...............

..............

______________

______________

..............

...............

...............

_______________

_______________

...............

..............

..............

______________

______________

..............

.................

.................

_________________

.................

...................

...................

___________________

___________________

81

52

' 15,5°;

| 16i5° |

' 16,0°!

910 11

910 11

910 11

1999 February 16

'98  '99
Oct. Feb.
8 9

(2)

Sampling point 5

10

pH

-31

10 - 100

Sampling point 6

Charcoal filter

10-32

Sampling point 5




10-32

Sampling -
point Turbidity PH Al(mg/?)
Charcoal filter
(1999 ) (*5) 34 4.3 110
(*6) 130 25 213
1998 10 5.6 2.4
pH
10-33
10-33
Recycling
system pH
4.2m3/ ton 24
—_— 50ton/M: 210mé/M '
0.6m?%/ ton 25
E— 50ton/M: 30mé/M )
* 30m3/M 5 6
*
1/7
pH
10-9-5
(1)
1999
10-9-4(2) 1/7
pH
pH2 3

10-101




2
1) Tank

6m 1.5m
Tank
pH
Tank
1. Tank PVC
2
2) Sludge
Sludge
3) pH
pH
pH
10-9-6
10-9-5
(1)
10-34
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10-34

(PESO)
1. TREATMENT TANK (1) 23,500,000 18,800,000
2. CHARCOAL TANK (1) 1,000,000 800,000
3. FILTER PRESS (1) 450,000 450,000
4. Pump (2) 600,000 600,000
5. PVC Pipe 800,000 800,000
6. 3,000,000 150,000
| 29,350,000 21,600,000
1. PVC Cover 800,000 400,000
2. DRYER 500,000 500,000
* 3. CHARCOAL TANK
(Spare) 1,000,000 800,000
* 4. Agitator
(*ANODIZADOS ) 500,000 500,000
| 2,800,000 2,200,000
32,150,000 23,800,000
(2)
TREATMENT TANK Chemicals CHARCOAL FILTER
CHARCOAL 10-35
1,000ton
10-35
(PESO)
1. NaOH 300 kg 970 P/kg 291,000
2. Coagulant 200 | 800 P/I 160,000
3. Charcoal (general) 500 kg 300 P/kg 150,000
4. Activated Charcoal 500 kg 480 P/kg 240,000
841,000

®3)

1,000ton

Filter Press Sludge

... 4.2m%/tonx 1,000ton = 4,200m?
... 0.6m®/tonx 1,000ton = 600m?

10 - 103




(4,200 600)m3x 300°E°/m? = 1,080,0007F=°

(4)

= 239,0007E5°/
24 15,000,000PESO 10

Chemicals

up
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11

111

11-1

11-1-1

(1)

1)
1984

2)

(2)
1)

2)

(3)
1)
1984

2)

11 -



(4) AMA

1)

2)

(5)
1)

2)

(6)
1)

2)

(7
1)

2)

COD

75

20

DAMA

11-2

DAMA

BOD 500, COD 1000 SS 400 mg/I



11-1

()

b 1) 0
) © 1.
3) 5S o
(2) o 5
2)
1) 180 Mpesos | o @)
3) CN Cr 2) o
ACERCAR
BOD COD SS 8; pH 30 Mpesos Z
2. DAMA L
2. ACERCAR QC 5S
1) o
3. FRATI
2 o A
®3) 32 Mpesos | o 3)
(1) (4) o
1)
2) (1) °
(2) o
3) 3) 150 Mpesos | o
(4) 40 Mpesos | o
(5) o
4)
(1) o
2 ) 0
(3) CN o (1)
@ @) o
1) (5) CN Cr® 16 Mpesos | o
(6) o
2)
(1) (1)
1) 1
2 2) DAMA
(2) DAMA
1) DAMA @
BOD COD 1)
2)
2)
3)

11-3




11-1-2

(1)

1)

2)

(2)
1)

2)

(3)
1)

2)

DAMA

ACERCAR

1,500

11 -



(4)
1)

2)

11-1-3

(1)
1)

2)

‘ Sustainable Development”

(2) Windows

1)
ACERCAR “ Windows”
2)
Windows
(3)
1)
DAMA
2)

11-6



ACERCAR

ACERCAR
11-2
11-2-1
(1)
BOD COD SS DAMA
DAMA
(2)
1
S
2)
(3)
1)
(4)
1

11-7



11-2-2

BOD

27 %

(1)
1)

2)

3)
pH

(2)
1)

2)

1ISO 9000

(3)
1)

SS

pH
COD

Re-processing

11-8



2)

3)

11-2-3

1ISO 14000

BOD COD SS

DAMA

650 m®/

(1)
1)

2)

3)

(2)
1)

(3)
1)

11-9



2)

11-2-4

DAMA

(1)
1)

2)

(2)
1)

2)

3)

(3)
1)

11-10

DAMA

80 m¥/

1%



11-2-5

(1)

(2)
1)

2)

3)

(@)
(b)

@)
(b)
(©)
(d)

11-11

3,000 m¥/



4)

(3)
1)

2)

(4)
1)

11-3

11-2

pH

(@)
(b) Cr

DAMA

pH

11-12



DAMA

(1)

(2)
ACERCAR

1)

DAMA ACERCAR

DAMA ACERCAR
2)
QC(Quality Control)

ACERCAR QC
3)
DAMA “
FRATI

11-13

ACERCAR
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