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Appendix A 

«TAMP PROJUCTiar CAPACITAS 

TABLE A.I. 

PRQDucTiwr cAPAcrrr 

PRODUCT t   Ethylene 

WESTERN EUROPE 

Belgium 
France 
f.R.O. 
Italy 
Netherlands 
Spain 
United Kingdom 
Others 

TOTAL 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
O.D.R. 
Hungary 
Poland 
Romania 
U.S.S.R 
Yugoslavia 

TOTAL 

NORTH AMERICA 

Canada 
U.S.A. 

TOTAL 

10* t/ vear 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

500 4S0 
2 465 22S 
3 780 610 
2 020 505 
2 340 450 

670 325 
1 735 850 
655 (1) 1 450 (2) 

14 165 4 365 

375 250 
305 590 
550 - 
275 - 
140 340 
360 220 
700 (3) 450 
250 100 

2 955 1 950 

670 1 000 
13 780 4 400 

14 450 5 400 

(1) o¿ uikich Í40 in Sundín 

(2) o¿ which 500 in Smdin 
500 in Portugal 
360 in Suitdw 

(3) titAMVCtd {Kom p£a4ttC4 production 
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PRODUCT Ethylene 

LATIN AMERICA 

Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sab-total 

Argent ina 
Brazil 
Mexico 
Others 

TOTAL 

AFRICA 

North Africa 

.Algeria 
Egypt 
Libyan Arab Ja«a\irl|ya 
Noroooo 
Tunisia 

Sub-total 

East and West Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-total 

South .Africa 

Republic of 
South Africa 

TOTAL 

'CM t/vear 

EXISTING 
CAPACITY 

b() 
JO 

5 
150 

235 

SS 
"iO 
435 

1 455 

ADDITIONAL 
CAPACITY 

[start-up before 
1980) 

400 

520 

150 
350 
680 

700 

1 
120 - 

300 
300 

- - 

no 600 

200 400 I 
320 1 000 

_^ 
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PRODUCT I    Ethylene I0J t/vear 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emirates 

Sub-total 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
71e* lu 
Others 

Sab-to tal 

East Asia 

China 
Hon¿ Kong 
Democratici People's 

Republic of Kore« 
Republic of Korea 
Others 
Sub--Coiai 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
Mew Zealand 

TOTAL 

HORLO TOTAL 

EXISTING 
CAPACITY 

ADDITIONAL ! 
CAPACITY ! 

[start-up before j 
1930) 1 

130 

60 

150 
155 

300 

300 

190 

180 
12 

192 

40 

100 
~I40 

ito 

4 510 

5 372 

290 

290 

905 

130 
300 

430 

465 

400 
300 

1   US 

1 600 

4 100 

300 

300 

39 007 19 315 
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TABLE    A.2. 

PRODUCTION   CAPACITY 

PRODUCT :     Propylene 

103 t/year 

WESTERN EUROPE 

Belgium 
France 
F.R.O. 
Italy 
Netherlands 
Spain 
United Kingdom 
Others 

TOTAL 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
O.D.R. 
Hungary 
Poland 
Romania 
U.S.S.R 
Yugoslavia 

TOTAL 

NORTH AMERICA 

Canada 
U.S.A. 

TOTAL 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

230 135 
1 320 110 
2 150 345 
1 200 280 
1 305 200 
305 130 

1 160 425 
350 (1) 600 

8 020 2 225 

!      175 
145 220 
150 - 
150 - 
93 320 

200 120 
510 - 
110 50 

1 533 710 

225 
7 100 2 200 

7 100 2 425 

(1) ob uihick Ito in Sweden 
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PROOUCT Propylene 

10*  t/year 

LATIN AMERICA 

Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sub-total 

Argentina 
Brazil 
Mexico 
Others 

TOTAL 

AFRICA 

North Africa 
Algeria 
Egypt 
Libyan Arab 
Noroooo 
Tunisi» 

Sub-totat 

East and West Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-total 

South Africa 

Republic of 
South Africa 

TOTAL 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1980) 

40 
10 - 

90 170 

140 m 

115 
278 350 
- 130 

418 765 

y» 

| 

150 

- - 

- 150 

• 

- 150          I 
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PRODUCTS    Propyl en* 
toa c/year 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emirates 

Sub-total 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Viet Warn 
Others 

Sub-totcU 

East Asia 

China 
Hong Kong 
Deaooratio People's 

Reputilo of Kore* 
Sepublio of Korea 
Other* 
Sub-to tat 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL 

WORLD TOTAL 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

40 

40 

120 
100 

100 120 

15 

60 
140 

200 

180 
130 

ZJ5 510 

2  800 800 

3 155 1 430 

80 - 

80 - 

20 306 7 70S 
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TABLE   A.3. 

PRODUCTION   CAPACITY 

PRODUCT Butadiene 

WESTERN EUROPE 

Belgium 
France 
Fjt.O. 
Italy 
Netherlands 
Spain 
United Kingdom 
Others 

TOTAL 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
O.DJl. 
Hungary 
Poland 
Romania 
U.S.S.R 
Yugoslavia 

TOTAL 

NORTH AMERICA 

Canada 
U.S.A. 

TOTAL 

103 t/year 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1980) 

160 
313 _ 
615 160 
280 100 
370 30 
95 68 

300 90 
20 (1) - 

: 153 448 

10 90 
35 60 
80 _ 
40 _ 
85 50 

90 45 

340 24S 

n.a 
2 270 90 

2 270 90 

(1)In fintemi 
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PRODUCT  :      Butadiene 

103 t/year 

LATIN AMERICA 

Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sub-total 

Argentina 
Brazil 
Mexico 
Others 

TOTAL 

AFRICA 

North Africa 

.Algeria 
Egypt 
Libyan Arab Jaraahirijya. 
Moroeoo 
Tunisia 

Sub-to tal 

East and West Africa 

Ivory Coast 
Kenya 
Niger i i 
Others 

Sub-total 

South .Africa 

Republic of 
South Africa 

TOTAL 

20 

20 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

35 
115 
55 

32 
52 
30 

205 114 

49 

49 

49 
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PRODUCT t    Bat adi an« 10' t/year 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1980) 

ASIA 

Middle East Countries 

Iraq 
Isr-iel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 33 
United Arab 

Emirates 

Sub-total 33 

South Asia 

India 36 22 
Iran 30 
Indonesia 
Malaysia _ _ 
Pakistan 
Philippines - 
Singapore - 
Thailand - 
Viet Ru - 

Others 

Sab-to tal 
. 

52             1 

i 
East Asia 

China 12 45 
Hong Kong 
Daaooratio Peoples 

- - 
- - 

R«Publio of Koraa 
Reputalio of Korea 20 70 
Others  .45   J».  
Sub-toteu. 11 275 

 —  ——---——--_____ 

Japan 872 60 

TOTAL 1 018 327 

PACIFIC AREA 

Australia 34 
New Zealand - - 

TOTAL 34               | 

WORLO TOTAL 

I 
6 040 1 273 
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TABLE    A.4. 

PRODUCTION   CAPACITY 

PRODUCT Benzer.á 

WESTERN EUROPE 

Belgium 
France 
FJL.Q. 
Italy 
Netherlands 
Spain 
United Kingdom 
Others 

TOTAL 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
0.0 .R. 
Hungary 
Poland 
Romania 
U.S.S.R 
Yugoslavia 

TOTAL 

NORTH AMERICA 

Canada 
U.S.A. 

TOTAL 

IO3 t/ vear 

ADDITIONAL   1 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

159 
702 170 

1 300 680 
986 620 
915 415 
320 497 

1 400 250 
20(1) - 

5 802 2 632 

122 240 
234 - 
280 - 
80 - 
174 230 
200 - 

2 200 880 
170 180 

3 460 1 530 

400 200 
6 000 100 

6 400 300 

(1) o¿ ujhich 15 in kuitKia. 
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PRODUCT  :      Benzene 

'O* t/year 

LATIN AMERICA 

Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sub-total 

Argentina 
Brazil 
Mexico 
Others 

TOTAL 

AFRICA 

North Africa 

Algeria 
Egypt 
Libyan Arab Jamahirijy» 
Moro ooo 
Tunisia 

Sub-total 

East and West Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-total 

South .Africa 

Republic of 
South Africa 

TOTAL 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

[start-up before 
1980) 

43 

43 

60 
130 
116 

80 
120 
410 

349 610 

1SS 

155 

1S5 
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IO» t/vear 

PROOOCTi B«ni«n« 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
Ihited Arab 
Emirates 

Sub-total 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Virt fu 
Others 

Sub-total 

East Asia 

China 
Hong Kong 
Dwoor&tlo People* a 

Republic of Korea 
Rtpublio of Kore« 
Others 
Sab-totat 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL 

WORLD TOTAL 

EXISTING 
CAPACITY 

69 

ADDITIONAL 
CAPACITY 

[start-up before 
1980! 

120 

69 

100 
-J>JL 

134 

2 550 

2 753 

18 764 

120 

330 

330 

100 

132 

635 

1   217 

6 444 

i 
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TABU! A.% 

PRODUCTION C/PACITY 

PRODUCT  :     P-<ylene 

WESTERN EUROPE 

Belgium 
France 
FJt.a. 
Italy 
Netherlands 
Spain 
Uhited Kingdom 
Others 

TOTAL 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
Q.D.R. 
Hungary 
Poland 
Romania 
U.S.S.R 
Yugoslavia 

TOTAL 

NORTH AMERICA 

Canada 
U.S.A. 

TOTAL 

103 t/ vear 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

114 
308 80 
280 118 
70 - 
25 - 

423 - 
- 94 (1) 

1 220 292 

12 
40 - 
30 - 

54 50 
30 - 

161 - 

327 50 

1 908 1 200 

1 908 1 200 

(1) in PoxJugal 

_a. 
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PRODUCT P-Xylene 

lOJ t/year 
i 

EXISTING 
CAPACITY 

!       ADDITIONAL 
j         CAPACITY 
(start-up before 

1980^ 

1 
1 
1 

i 
LATIN AMERICA | 

Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

- 

17 

Sub-total - n 

Argentina 
Brazil 
Mexico 
Others 

40 

60 
160 
2 20 

TOTAL 100 397 

AFRICA 

North Africa 
i 

Algeria 
Egypt 
Libyan Arab Junhirl 
Noroooo 
Tunisia 

y* 

Sub-total v 1 

tast and West Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-total - 
———— ...   

South Africa 

Republic of 
South Africa 

TOTAL - 
 ( 

Í 
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10» t/year 

PRODUCT!    P-X/lene 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
Uhited Arab 

Emirates 

Sub-total 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
net la« 
Others 

Sub-total 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

; start-up before 
1980) 

r- 

East .Asia 

China 
Hon¿ Kong I 
Dea» orati o People's   ! 

Republic of Korea   | 
R«Publio of Kore» 
Others 
Sab-total 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
Niew Zealand 

TOTAL 

WORLD TOTAL 

17 

74 

14 

24 
100 

1? 124 

17 123 
- - 
- - 

 JL.  
100 
200 

42 425 

636 360 

695 981 

4 250 
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TABLE     A.6. 

PRODUCTION   CAPACITY 

PROOUCT  :    O-Xylene 

WESTERN EUROPE 

Belgium 
France 
P.R.O. 
Italy 
Netherlands 
Spain 
United Kingdom 
Others 

TOTAL 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
O.D.R. 
Hungary 
Poland 
Romania 
U.S.S.R 
Yugoslavia 

TOTAL 

NORTH AMERICA 

Canada 
U.S.A. 

TOTAL 

10J t/year 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

140 
270 65 
220 - 
55 - 
23 80 

140 - 
- 30 (1) 

848 175 

24 
24 30 
10 - 
15 - 
10 - 
44 - 
140 660 
18 - 

285 690 

27 
576 - 

603 - 

(1)  ¿n Portugal 
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PROOUCT :      O-Xylene 

10* t/year 

LATIN AMERICA 

.Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sub-total 

Argentina 
Brazil 
Mexico 
Others 

TOTAL 

AFRICA 

>4orth Africa 
Algeria 
Egypt 
Libyan Arab Jaaahirl|y& 
Noroooo 
Tunisi» 

Sub-total 

East and West .Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-total 

South .Africa 

Republic of 
South Africa 

TOTAL 

1 
ADDITIONAL 

EXISTING CAPACITY 
CAPACITY (start-up before 

1980) 

8 
- 

1 - 

20 
30 80 
17 55 

75 135 

i 

3» 

I 

I i 
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10* t/year 

ODUOTi    O-Xylen« ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emirates 

Sab-total — - 

South Asia 

India - 21 
Iran - 20 
Indonesia - 
Malaysia - 
Pakistan 
Philippines " 
Singapore 
Thailand " 
Viet HUM 
Others 

Sab-total I" f                   4Ì 
, JL   

East Asia 

China - - 

Hong Kong 
Dwnoratio People* • 

" 

Reputalio of Kore« - 
Reputali o of Kore« - 60 
Otheri 
Sub-to tax 60 

Japan 315 

TOTAL 315 101 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL - - 

WORLD TOTAL 2 126 

1 

1  101 
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TABLE     A.7. 

PRODUCTION   CAPACITY 

PRODUCT :     Methanol 

TO8 t/vear 

ADDITIONAL 
EXISTING CAMCITY 
CAPACITY (sta;t-up before   I 

1930) 

WESTERN EUROPE 

Belgium 
France 385 
F.R.Q. 1 610 
Italy 460 
Netherlands 410 330 
Spain 200 
United Kingdom 695 _ 
Others 160  (1) - 

TOTAL 3 920 330 

EASTERN EUROPE 

Bulgaria 23 100 
Czechoslovakia ISO 
O.D.R. 260 . 
Hungary - 70 
Poland 160 
Romania 220 
U.S.S.R 1  700 1 650 
Yugoslavia - 180 

TOTAL 2 513 2 000 

NORTH AMERICA 

Canada 
U.S.A. 

420 
4 204 

420 
930 

TOTAL 4 624 1 350 

(1) o{ which 70 in KuAtAia 
60 in Noway 
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PRODUCT  :       Methanol 

IO J t/vear 

LATIN AMERICA 

Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sub-total 

Argentina 
Brazil 
Mexico 
Others 

TOTAL 

AFRICA 

North Africa 

.Algeria 
Egypt 

EXISTING 
CAPACITY 

ADDITIONAL 
OPACITY 

(start-up before 
1980) 

264 

110 

Ubyui Arato Janahixijya 
Morocoo 
Tunisia 

Sub-totai 

East and West Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-total 

South Africa 

Republic of 
South Africa 

TOTAL 

110 

17 

127 

- - 

34 80 
58 60 

172 150 

 ——i 
290 

330 

330 

330 



- 21 - 

PRODUCTi Methanol 10» t/year 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emi rates 

Sub-total 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Viet Wain 

Others 

Sub-total 

East .Asia 

China 
Hong Kong 
0«M>oratio Paopla*a 

Reputilo of Korea 
R«Publio of Koraa 
Othara 
Sab-to tax 

Japan 

TOTAL 

EXISTING 
CAPACITY 

54 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL 

WORLD TOTAL 

54 

33 

33 

150 

ADDITIONAL 
CAPACITY 

[start-up before 
1980 ; 

44 
540 

SS4 

100 
- _ 
- - 

390 
 45 

- 

5S5 100 

1   164 300 

1  836 984 

33 - 

1                   33                | 

13 317 5 284 
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TABLE    A.8. 

PRODUCTION   CAPACITY 

PRODUCT  :     Ethylene Oxide 

03 t/vear 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

WESTERN EUROPE 

Belgium 310 100 
France 270 
F.R.O. 410 170 
Italy 140 160 
Netherlands 310 
Spain 20 80 
United Kingdom 225 _ 
Others 45   (1) 40   (2) 

TOTAL 1   730 550 

EASTERN EUROPE 

Bulgaria 12 40 
Czechoslovakia 24 40 
a.s.1. 100 100 
Hungarv - - 
Poland 30 60 
Romania 52 _ 
U.S.S.R 60 400 
Yugoslavia 24 40 

TOTAL 302 680 

NORTH AMERICA 

Canada 115 
U.S.A. 2 335 235 

TOTAL 2 450 235 

(1)  oí uihich « <0 in Sundín 

(2)    in Swede1/ i 
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PRODUCT i    Ethylene Oxide 103 t/year 

LATIN AMERICA 

.Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sub-total 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

Argentina 
Brazil 
Mexico 
Others 

TOTAL 

AFRICA 

North Africa 
•Algeria 
Egypt 
Libyan Arab Jaaahiriiy» 

Morocco n 

Tunisia 

Sab-total 

East and West Africa 
Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-total 

- 

20 
35 40               1 
50 100 

- 

65 160 

South Africa 

Republic of 
South Africa 

TOTAL 
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PRQDöCTi    Ethyl an« Oxid« 10» t/year 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emirates 

Sub-total 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Viet Wan 
Others 

Sab-total 

East .Asia 

China 
Hong Kong 
Denooratio People* • 

Republic of Korea 
Republio of Korea 
Others 
Sab-total 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL 

WORLD TOTAL 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

- 

55 

55 

12 

I— 12 - 

35 

- 

- 35 

490 150 

502 240 

15 

15 - 

5 064 1 865 
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TABLE     A.9. 

PRODUCTION   CAPACITY 

PRODUCT  :    Vinyl  chloride 

WESTERN CUROPE 

Belgium 
France 
F.E.O. 
Italy 
Netherlands 
Spain 
Uhi ted Kingdom 
Others 

TOTAL 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
O.DJÌ. 
Hungary 
Poland 
Romania 
U.S.S.R 
Yugoslavia 

TOTAL 

NORTH AMERICA 

Canada 
U.S.A. 

TOTAL 

103 t/year 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

540 270 
850 800 

1 250 730 
960 230 
300 450 
220 410 
550 - 
190 450 

4 860 3 340 

18 150 
200 - 
60 200 
33 160 

- 205 
244 - 
600 270 
40 100 

1 195 1 085 

60 300 
3 040 n.a 

3 100 300 

li 

1 

.-_»• 
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PROOUCT :  Vinyl chloride 

103 t/year 

LATIN AMERICA 

Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sub-total 

Argentina 
Brazil 
Mexico 
Others 

TOTAL 

AFRICA 

North Africa 

Algeria 
Egypt 
Libyan Arab Jamahirijya 
Nb rocco 
Tunisia 

Sub-total 

East and West Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-to tal 

South .Africa 

Republic of 
South Africa 

TOTAL 

• 1 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

15 
29 

" 9 

56 

53 56 

36 
178 
90 

130 
110 
200 

357 4% 

Lya 

40 

- 40 

- - 

42 |     190 

42 230 
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PRODUCT t    Vinyl Chlorid« 10» t/year 

! ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1980) 

ASIA 

Middle East Countries 

Iraq 
1 

60              1 
30 Israel 

Kuwait 
14 

Lebanon 
Qatar 
Saudi Arabia 
Turkey 55 105 
United Arab 

Emirates 

Sub-total 69 Í95 

South Asia 

India 80 
Iran 60 150 
Indonesia 15 24 
Malaysia - 
Pakistan 6 
Philippines 10 
Singapore - 
Thailand 20 _ 
Viet Ham - _ 
Others - 

Sub-to tal M 174 

East .Asia 

China 
Hong Kong 
Démocratie People« a . 

Republio of Korea 
Retjublic of Korea 60 150 
Others 106 240 
Sub-total 166 390 

Japan 2 290 n.a 

TOTAL 2  716 7S9 

PACIFIC AREA 

Australia 47 
New Zealand - 

" 
TOTAL 

" -            "I 
WORLD TOTAL 12 317 

—1 
i 

6 210 
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TABLE    A. 10. 

PRODUCTION   CAPACITY 

PRODUCT :     Styrene 

WESTERN EUROPE 

Belgium 
France 
FJÍ.Q. 
Italy 
Netherlands 
Spain 
United Kingdom 
Others 

TOTAL 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
0.0 JR. 
Hungary 
Poland 
Romania 
U.S.S.R 
Yugoslavia 

TOTAL 

NORTH AMERICA 

Canada 
U.S.A. 

TOTAL 

IO1 t /vear 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

275 
345 145 

1 080 _ 
460 300 
500 500 
80 340 

480 
- 

2 945 1 560 

20 
50 - 

40 
- 

40 35 
- 300 (1) 
14 - 

164 335 

190 260 
3 390 700 

3 580 960 

(1) including existing capacity 
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PRODUCT Styrène 

10* t/vear 

í 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

LATIN AMERICA 
1 
i 

Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sub-total - - 

Argentina 
Brazil 
Mexico 
Others 

50 
60 
40 

25 
160 
100 

TOTAL 150 285 

AFRICA 

North Africa i 
i 

.Algeria 
Egypt 
Libyan Arab J amah M 
Morocco 
Tunisia 

y 

Sab-totat - - 

East and West Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-total - - 

South .Africa 

Republic of 
South Africa 18 - 

TOTAL 18 
I 
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PRODUCTi    Styrène 10* t/year 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

start-up before 
19301 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emirates 

Sub-total 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Viet Nun 
Others 

Sub-to tal 

East .Asia 

China 
Hong Kong 
Deaooratio People's 

Republic of Korea 
Republic of Korea 
Others 
Sub-totat 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL 

WORLD TOTAL 

100 

TOO 

60 

60 

1 535 - 

1 690 160 

30 100 

30 100 

8 S77 3 400 

_Ä- 
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TABLE A.n. 

PRODUCTION CAPACITY 

PRODUCT Caprolactam 

IO3 t/ycar 

WESTERN EUROPE 

Belgium 
France 
rjLO. 
Italy 
Netherlands 
Spain 
United Kingdom 
Others 

TOTAL 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
0.0 Jl. 
Hungary 
Poland 
Romania 
U.S.S.R 
Yugoslavia 

TOTAL 

NORTH AMERICA 

Canada 
U.S.A. 

TOTAL 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

200 30 

200 
175 80 
160 - 
20 5 
30 75 
15 (1) - 

800 190 

15 15 
32 - 
60 - 
27 - 
70 - 
35 - 
180 - 

- 

419 15 

60 
430 60 

430 120 
———  

(1) ¿n Suiitzttland 
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PRODUCTI    Caprolaotaa 103 t/vear 

LATIN AMERICA 

Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sub-total 

Argentina 
Brazil 
Mexico 
Others 

TOTAL 

AFRICA 

North Africa 

.Algeria 
Egypt 
Libyan Arab Jaaabiritya 
Morocco 
Tunisia 

Sub-total 

East and West Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-total 

South .Africa 

Republic of 
South Africa 

TOTAL 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1980) 

34 
- 

- - 

34 - 

60 
- 35 

40 - 

74 95 

F» 

- 

- - 

1 

^% 
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PRODUCT i    Caprolactaa 103 t/year 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emirates 

Sab-total 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Viet IM 
Others 

Sub-total 

East Asia 

China 
Hong Kons 
Deaooretio People*« 

Republio of Korea. 
Republio of Korea 
Othere 
Sub-total 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL 

WORLD TOTAL 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

20 
100 i 

10 

50 

«0 

460 

560 

2 283 

100 

30 

.JO. 

to 

180 

600 
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TABLE   A.12. 

PRODUCTION   CAPACITY 

PROOUCT :    Acrylonitrile 

WESTERN EUROPE 

Belgium 
France 
rjt.a. 
Italy 
Netherlands 
Spain 
United Kingdom 
Others 

TOTAL 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
CJ.D.R. 
Hungary 
Poland 
Romania 
U.S.S.R 
Yugoslavia 

TOTAL 

NORTH AMERICA 

Canada 
U.S.A. 

TOTAL 

IP3 t/year 

EXISTING 
CAPACITY 

130 
370 
235 
120 
40 
190 
25 

1 110 

70 

20 

10 
45 
125 

5 

275 

20 
725 

"74T 

ADDITIONAL 
CAPACITY 

(start-up before 
1930) 

45 

140 

245 
320 
75 

825 

50 
175 
10 

235 

240 

240 

- •*- 
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PRODUCT Acryloni true 

10 i t/year 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

LATIN AMERICA 

.Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sub-total - - 

Argentina 
Brazil 
Mexico 
Others 

24 50 

TOTAL 24 50 

AFRICA   

North Africa 
.Algeria 
Egypt 
Libyan Arab Jamahiri 
Morocco 
Tunisia 

r* 

i 

Sab-total - - 

East and West Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-total - - 

South .Africa 

Republic of 
South Africa 

TOTAL - 
 1 
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PRODWJTi    Aorjrlonitrile 10« t/year 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
Uhited Arab 

Emirates 

Sub-total 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Viet Vaa 
Others 

Sub-total 

East Asia 

China 
Hong Kong 
Democratic People's 

Republic of Korea 
Republic of Korea 
Others 
Sub-total 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

[start-up before 
1980) 

Japan 

TOTAL 

PACIFIC AREA 

.Australia 
New Zealand 

TOTAL 

M0RL0 TOTAL 

10 50 
- 24 
- - 

26 
66 66 

102 140 

675 50 

777 190 

-^ 
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TABLE     A.13. 

PRODUCTION   CAPAC ITY 

PRODUCT D M T 

WESTERN EUROPE 

Belgium 
France 
P.R.O. 
Italy 
Netherlands 
Spain 
United Kingdom 
Others 

TOTAL 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
Q.D.R. 
Hungary 
Poland 
Romania 
U.S.S.R 
Yugoslavia 

TOTAL 

NORTH AMERICA 

Canada 
U.S.A. 

TOTAL 

103 t/vear 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

65 
120 - 
500 120 
75 140 

330 10S 
90 10 
40 

1 220 375 

24 
18 - 
45 - 

84 70 
64 _ 
432 

- 

667 70 

1 923 740 

1 923 740 

•*- 
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PROOUCT DMT 

IO3 t/year 

1 ADDITIONAL 
1 EXISTING CAPACITY 

CAPACITY (start-up before 
1980) 

LATIN AMERICA 

.Andean Group 
Countries 

Bolivia - - 
Chile - 
Colombia - 25 
Ecuador - 
Peru - 
Venezuela 

Sub-total - ~"    25 

Argentina 14 14 
Brazil - 60 
Mexico 135 135 
Others - 

TOTAL 149 234 

AFRICA 

North Africa 

Algeria - - 

Egypt 
» 

25 
Ubjan Arab Janahiri 
Morocco - 
Tunisia 

Sub-total - 25 

East and West .Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-total - 

South .Africa 

Republic of Í 
South Africa - - 

TOTAL - 25 

-•*• 
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PRODUCT!    SUT 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emirates 

Sub-total 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Vi* «M 

Others 

Sab-to tal 

East Asia 

China 
Hong Kong 
Deaooratio People* a 

Repablio of Korea 
Rfjjublio of Korea 
Other« 

Sub-total 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL 

WORLD TOTAL 

10» t/year 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

24 

60 

60 

90 

24 90 

25 

.3L. 
77 

740 

841 

88 

220 
100 

40$ 

S58 

4 800 2 002 

___^. 
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TABLE     A.T*. 

PRODUCTION   CAPACITY 

PRODUCT T  P A 

IP1 t/year 

WESTERN EUROPE 

Belgium 
France 
FJt.0. 
Italy 
Netherlands 
Spain 
United Kingdom 
Others 

TOTAL 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
Q.D.R. 
Hungary 
Poland 
Romania 
U.S.S.R 
Yugoslavia 

TOTAL 

NORTH AMERICA 

Canada 
U.S.A. 

TOTAL 

EXISTING 
CAPACITY 

105 
50 

120 

30 
210 

515 

45 

45 

890 

890 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

30 

30 

454 

454 

-•*- 
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PRODUCT  :    T P A 

103 t/year 

LATIN AMERICA 

Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sub-total 

Argentina 
Brazil 
Mexico 
Others 

TOTAL 

AFRICA 

North Africa 

Algeria 
Egypt 
Llbym Arab Juahirijj» 
Morocco 
Tunisia 

Sub-total 

East and West Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-to tat 

South Africa 

Republic of 
South Africa 

TOTAL 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

45 
135 

- 

55 

55 180 

n 

  

- - 
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PRQDUCTi   T P A 10» t/year 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emirates 

Sub-total 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Vl«t lam 
Others 

Sub-total 

East Asia 

China 
Hong Kong 
Denooratio People*« 

Republio of Kore« 
Republic of Korea 
Other« 
Sub-total 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL 

WORLD TOTAL 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

100 

.159. 
2S0 

750 470 

750 720 

2 255 1 384 

i*^ 
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TABLE   A.15. 

PRODUCTION   CAPACITY 

PRODUCT  :   Adipic Acid 

10* t/year 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1980) 

WESTERN EUROPE 

Belgiu« 30 
France 320 100 
PJt.0. 200 100 
Italy 40 60 
Netherlands - - 
Spain - - 
Uhited Kingdom 250 50 
Others - - 

TOTAL 840 310 

EASTERN EUROPE 

Bulgaria - 
Czechoslovakia - 
0.0 JR. - 
Hungary - 
Poland - 
Romania 6 
U.S.S.R 3 
Yugoslavia n.a 

TOTAL 9 - 

NORTH AMERICA 

Canada 80 
U.S.A. 715 200 

TOTAL 795 200 
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PRODUCT Adipic Acid 

103 t/vear 

LATIN AMERICA 

Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sab-total 

Argentina 
Brazil 
Mexico 
Others 

TOTAL 

AFRICA 

North Africa 

Algeria 
Egypt 
Ubyan Arab 
Morocco 
Tunisia 

Sub-total 

East and West Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-to tat 

South Africa 

Republic of 
South Africa 

TOTAL 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1980) 

32 

- 

- 

32 

n 

    

- " 1 

! 
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PRODUCTj    Adipie Acid 10* t/year 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Enirates 

Sub-total 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thalland 
Viri IH 
Others 

Sub-total 

East Asia 

China 
Hong Kong 
Dcaooratio P*opl*** 

Republic of Kor«» 
Rapublio of Kor** 
Other* 
Sab-totax 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL 

WORIO TOTAL 

EXISTING 
CAPACITY 

AOOITIONAL 
CAPACITY 

(start-up before 
1980) 

! 

55 

30 

55 

30 55 

- - 

1 706 55 
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TABLE    A.16. 

PRODUCTION   CAPACITY 

PROOUCT :   Hexamathylene Diamine 

TO3 t/vear 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

WESTERN EUROPE 

Belgium 4 
France 100 102 
7*R.O. 36 
Italy 15 _ 
Netherlands 
Spain . 
United Kingdom 100 
Others - - 

TOTAL 255 102 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
0.0 Jl. 
Hungary 
Poland 
Romania 
U.S.S.R n.a 
Yugoslavia 

TOTAL - - 

NORTH AMERICA 

Canada 20 
U.S.A. 450 

TOTAL 470 1 



- 47 - 

PRODUCT j    Hexaaethylana DiMdn« 103 t/year 

LATIN AMERICA 

Andean Group 
Countries 

3olivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sub-total 

Argentina 
Brazil 
Mexico 
Others 

TOTAL 

AFRICA 

North Africa 

Algeria 
Egypt 
Libyan Arab 
Morocco 
Tunisia 

Sub-total 

East and West Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-totai 

South Africa 

Rtfpublie of 
South Africa 

TOTAL 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

  

12 

12 - 

J» 

  

- - 

__^ 
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PRODUCTt   Henaetbjlen« Di«dn« 
10* t/year 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1980) 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emirates 

Sub-total - - 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Viet Ru 
Others 

Sub-to tat - 

East Asia 

China 22 
Hong Kong 
Deaooratlo People*« 

Republio of lore* 
Republic of Korea 
Other« 
Sab-to tat - 22 

Japan 5 

TOTAL S 22 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL - - 

«ORLO TOTAL 742 124 

J^ 
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TABLE    A.17. 

PRODUCTION   CAPACITY 

PRODUCT :   Low-density Polyethylene 

WESTERN EUROPE 

Belgium 
France 
fJt.Q. 
Italy 
Netherlands 
Spain 
lid ted Kingdom 
Others 

TOTAL 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
QJUU 
Hungary 
Poland 
Romania 
U.S.S.R 
Yugoslavia 

TOTAL 

NORTH AMERICA 

Canada 
U.S.A. 

TOTAL 

(1) ol wktch 160 in Smdtn 
140 in Finland 
100 in Aaitxia 

(2) o¿ uìkich 130 in AUMVUO. 
100 in Noiuay 
100 in Poitugat 

103 t /year 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

430 240 
910 170 

1 020 60 
755 40 
595 100 
240 130 
470 180 
500(1) 430(2) 

4 920 1 350 

50 50 
70 30 
50 - 
25 - 
65 100 
70 80 

360 270 
35 95 

725 675 

260 230 
3 46S 580 

3 725 810 
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PRODUCT :     Low-density Polyethylene 

103 t/year 

LATIN AMERICA 

.Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sub-total 

Argentina 
Brazil 
Mexico 
Others 

TOTAL 

AFRICA 

North Africa 
.Algeria 
Egypt 
Libyan Arab JaaaMrijya. 

Morocco 
Tunisia 

Sab-total 

East and West Africa 

Ivor/ Coast 
Kenya 
Nigeria 
Others 

Sub-total 

South .Africa 

Republic of 
South Africa 

TOTAL 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

30 
25 

50 

_ 

50 

105 

75 
170 
90 

SO 

SS 
200 
80 

440 385 

y» 

50     j 

SO 

70 

70 50 
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PRODUCT i    Low-4ensity Polyethylene 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emirates 

Sub-total 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Viet Ian 
Others 

Sub-to tal 

East .Asia 

China 
Hog Kong 
ßemooratio People*• 

Republics of Korea 
Republio of Korea 
Other« 
Sab-totcU. 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL 

WORLD TOTAL 

10« t/year 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

30 
60 
60 

25 150 

— 
55 270 

50 80 
100 

S 

- 

I " 55 ito 

 ~l 

60 240 

- 25 

50 100 
 Ja.     160 

245 525 

1 300 105 

1 655 1 080 

100 100 

100 100 

11 635 4 450 

- ^.— 
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TABLE   A.18. 

PRODUCTION   CAPACITY 

PRODUCT :    High-density Polyethylene 

WESTERN EUROPE 

Belgium 
Franc« 
FJt.O. 
Italy 
Netherlands 
Spain 
United Kingdom 
Others 

TOTAL 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
O J) JR. 
Hungary 
Poland 
Romania 
U.S.S.R 
Yugoslavia 

TOTAL 

NORTH AMERICA 

Canada 
U.S.A. 

TOTAL 

10* t/year 

EXISTING 
CAPACITY 

200 

(1) o¿ uthlch 60 ¿n Sweden 

(2) o< uikich 60 ¿n Sweden 
50 ¿n Portugal 
40 ¿n Howay 

ADDITIONAL 
CAPACITY 

(start-up before 
1930) 

240 
975 40 
300 20 
80 - 
90 100 
80 90 
90(1) 180 (2) 

2 055 430 

10 
70 - 
20 10 

40 
60 400 
50 50 

250 460 

85 150 
1 490 680 

1 575 830 
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PRODUCT!    Hltf»-den»ity tx>ly*thyl«n« 103 t/year 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

LATIN AMERICA 

Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sub-total 

Argentina 
Brazil 
Mexico 
Others 

TOTAL 

AFRICA 

North Africa 

.Algeria 
Egypt 
Libyen Arab JaMhirijmi 
Morocco 
Tunisia 

Sab-total 

East and West Africa 
Ivory Coast 
Kenya 
Nigeria 
Others 

30 

30 

20 
105 
100 

225 

Sub-to tal 

South Africa 

Republic of 
South Africa 

TOTAL 

50 

50 
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PRQOTOTt    RiaVdenaity Polyethylen« 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emirates 

Sab-total 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Ti* laa 
Others 

Sub-total 

East Asia 

China 
Hong Kons 
D—Baratío People*• 

Republics of Korea 
R«Publio of Korea 
Other« 
Sub-to tat 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL 

WORLD TOTAL 

10» t/year 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before | 
1980) 

30 

40 

  
n 

30 
60 

30       ,      60 

63C 

3S 

105 

 35.  
165 

185 

660 480 

70 10 

70 10 

4 690 2 435 

__^ 
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TABLE     A.19. 

PRODUCTION   CAPACITY 

PROOUCT  :    P V C 

WESTERN EUROPE 

Belgium 
France 
FJl.O. 
Italy 
Netherlands 
Spain 
Uhi ted Kingdom 
Others 

TOTAL 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
O.D.R. 
Hungary 
Poland 
Romania 
U.S.S.R 
Yugoslavia 

TOTAL 

NORTH AMERICA 

Canada 
U.S.A. 

TOTAL 

10J t/ vear 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

250 230 
785 625 

1 335 40 
905 495 
280 210 
258 425 
575 195 
330 (1) - 

4 718 2 220 

135 120 
229 - 
120 100 
30 120 

220 195 
77 140 

600 250 
100 40 

1 511 965 

100 180 
3 135 80 

3 235 260 

(1) o¿ uàich 10 in Auitxia 
10 in Notimy 
60 in Sundín 
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PROOUCT :  P V C 

103 t/year 

LATIN AMERICA 

.Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sab-total 

Argentina 
Brazil 
Mexico 
Others 

TOTAL 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

AFRICA 

North Africa 

Algeria 
Egypt 
Libyan Arab JMabiri|ya 
Morocco 
Tunisia 

Sub-total 

East and West Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sab-total 

South .Africa 

Republic of 
South Africa 

TOTAL 

40 

40 

140 

200 
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FRODöCTt P ? C 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emirates 

Sab-total 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Viet Warn 
Others 

Sub-to tut 

East Asia 

China 
Hong Kong 

RepuBlio of Korea 
Republic of Korea 
Others 
Sub-total 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL 

WORLD TOTAL 

10» t/year 

EXISTING 
CAPACITY 

A00ITIONAL         ! 
CAPACITY          1 

(start-up before 
1980) 

25 
60 
30 

52 100 

77 190 

80 
60 
12 

10 

5 
29 
10 
20 

- 

- 

216                                    10 

50 
140 

190 - 

1 833 600 

2 316 800 

47 

47 - 

12 200.5 4 794.5 
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TABLE     A.20. 

PRODUCTION   CAPACITY 

PRODUCT :    Polypropylene 

WESTERN EUROPE 

Belgiua» 
Franc* 
F .H.a. 
Italy 
Netherlands 
Spain 
Uhi ted Kingdom 
Others 

TOTAL 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
Q.D.R. 
Hungary 
Poland 
Romania 
U.S.S.R 
Yugoslavia 

TOTAL 

NORTH AMERICA 

Canada 
U.S.A. 

TOTAL 

101 t/year 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

370 
100 295 
184 320 
210 185 

70 130 
28 190 

270 190 
30 - 

892 1 6 40 

15 40 
110 30 

40 
30 - 
15 - 
30 100 

200 210 

70 90 
1  360 630 

1  430 720 
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PRQDUCTi    Polypropylen« 103 t/year 

LATIN AMERICA 

.Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sub-total 

Argentina 
Brazil 
Mexico 
Others 

TOTAL 

AFRICA 

North Africa 

Algeria 
Egypt 
Libyen Arab JiathJrljye, 
Morocco 
Tunisia 

Sub-total 

East and Wèst Africa 
Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-total 

South Africa 

Republic of 
South Africa 

TOTAL 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

- 

30 
100 
54 

- 184 

7» 

J 

22 50 

22 50 
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PRQLüCTi    Polypropylen« 10» t/year 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emirates 

Sub-to tal 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Tiet lea 
Others 

Sub-to tai 

East Asia 

China 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

50 

20 

60 

110 

30 
100 

r 20 -t— 
130 

Hong Kons 
"«»oratio PeopH 

Republic of ¿ore« 
D—o oratio People« • 

Republio of Korea 
Othera 
Sub-total 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
Ntw Zealand 

TOTAL 

WOULD TOTAL 

30 

~~30~ 

960 

1 010 

115 

95 

"Ì1Ì" 

280 

735 

28 

28 

25 

IT 

3 582 3 S64 
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TABLE   A.21. 

PRODUCTION  CAPACITY 

PRODUCT :    Polystyrene 

10* t/year 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

WESTERN EUROPE 

Belgium 265 80 
France 500 125 
rjt.o. 827 200 Italy 480 165 
Netherlands 265 65 Spain 112.5 10 
United Kingdom 334 20 
Others 48 10 

TOTAL 2 831.5 675 

EASTERN EUROPE 

Bulgaria 12 
Czechoslovakia 42 
0.0 Jt. 50 
Hungary- 
Poland 50 10 
Romania 10 
U.S.S.R 280 300 
Yugoslavia 40 

TOTAL 484 310 

NORTH AMERICA 

Canada 110 35 
U.S.A. 2 190 266 

TOTAL 2 300 301 
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QDUOTi   PoljTBtyr«»!« 103 t/year 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

LATIN AMERICA 

Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

5 
16 

40 

7 

36 

Sub-total 61 43 
  

Argentina 
Brazil 
Mexico 
Others 

56 
97 
44 

45 
16 

TOTAL 258 104 

AFRICA 

North Africa 

Algeria 
Egypt 
Libyan Arab Juwhirl r* 
Tunisia 

Sub-total - - 

East and West Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-to tal - - 

South Africa 

Republic of 
South Africa 7 - 

TOTAL 7 - 

- ^ 
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PRODOCTi    Polyrtyren« 10» t/year 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emirates 

Sub-total 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Viet 1T«M 
Others 

Sub-total 

East .Asia 

China 
Hong Kong 
Deaooratlo People*a 

R«publio of Kore* 
Repoblio of Kor«a 
Other« 
Sub-Cotat 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL 

WORLD TOTAL 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

16 

15 

45 

10 

3/ 

62 

7 

13 

L.     ~  

55 

17 

IS 

i 
i 

il 32 

6 
68 - 

3 • 

 X  
Jó 4 

900 37 

1 099 128 

55 
- 

55 - 

7 0345 1 518 
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TABLE    A.22. 

PRODUCTION   CAPACITY 

PRODUCT  :    Styrene Butadiene Rubber 

1Q3 t/year 

WESTERN EUROPE 

Belgium 
France 
F .H.a. 
Italy 
Netherlands 
Spain 
United Kingdom 
Others 

TOTAL 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
Q.D.R. 
Hungary 
Poland 
Romania 
U.S.S.R 
Yugoslavia 

TOTAL 

NORTH AMERICA 

Canada 
U.S.A. 

TOTAL 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

55 35 
278 - 
310 - 
292 55 
165 - 
94 66 

317 10 

1 511 166 

17 10 
50 30 
100 - 

60 - 
100 - 
750 - 
20 - 

1 097 40 

190 
1 884 

2 074 - 
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PBQDUCTi Styrvn« Butadiw« Rubber 103 t/year 

LATIN AMERICA 

Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sub-total 

Argentina 
Brazil 
Mexico 
Others 

TOTAL 

AFRICA 

North Africa 

Algeria 
Egypt 
Libyan Arab Jaaahirifr» 
Morocco 
Tunisia 

Sub-total 

East and West Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-total 

South .Africa 

Republic of 
South Africa 

TOTAL 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

20 

20 

55 
172 

84 
10 

321 30 

m 

  

- - 

30 

30 . 
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FRÛOTOTt    Styrène Butadleaa Butter 10» t/year 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emirates 

Sub-total 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Viet lea 
Others 

Sab-to tat 

East Asia 

China 
Hong Kong 
Deaooratio People*• 

Republio of Korea 
Republio of Korea 
Others 

Sab-totem 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL 

WORLD TOTAL 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

32 20 

ZO 32 
to

 
1   1   1   1   1   1   1   1   1 

1 

30      1 

23 

25 
100 50 

14S 

649 

50 

V.S 

859 195 

50 - 

50 - 

6 152 431 
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TA8LE     A.23. 

PRODUCTION   CAPACITY 

PRODUCT  :    Polyoutadiene 

IP1 t/year 

WESTERN EUROPE 

Belgium 
France 
FJI.O. 
Italy 
Netherlands 
Spain 
United Kingdom 
Others 

TOTAL 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
O.D.R. 
Hungary 
Poland' 
Romania 
U.S.S.R 
Yugoslavia 

TOTAL 

NORTH AMERICA 

Canada 
U.S.A. 

TOTAL 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

20 
146 - 
68 • 
76 10 

8 7 
55 - 

- 

373 17 

10 
15 
30 

30 
25 

200 

310 - 

30 
375 

40S 
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mCDOVti   Polybutadian* 103 t/year 

LATIN AMERICA 

Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sub-total 

Argentina 
Brazil 
Mexico 
Others 

TOTAL 

AFRICA 

>torth Africa 

Algeria 
Egypt 
LlBjen Arab Jaaahirjy» 
Morocco 
Tunisia 

Sub-total 

East and West Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-total 

South Africa 

Republic of 
South Africa 

TOTAL 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1980) 

20 
28 50 
30 - 

- - 

58 70 

'  
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PRODUCTs    PoljbuWi«n# 10» t/year 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emirates 

Sab-total 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Tie* IM 
Others 

Sub-to tat 

East Asia 

China 
Hong Kong 

*R»& iras 
Repablie of Korea 
Other« 

Sab-to tat 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL 

WORLD TOTAL 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY • 

(start-up before 
1980) 

13.5 

13~~S 

20 

300 

10 

50 

313.5 70 

20 - 

20 - 

1 479.5 157 

___Ä. 
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TABLE   A.2«*. 

PRODUCTION   CAPACITY 

PRODUCT :       Al kylbenzenes (linear included) 

O3 t/vear 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1930) 

WESTERN EUROPE 

Belgium 
France 
F.R.Q. 
Italy 
Netherlands 
Spain 
United Kingdom 
Others 

15 
150 
150 
210 

13 
95 

100 

TOTAL 733 - 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
0.0 Jt. 
Hungary 
Poland' 
Romania 
U.S.S.R 
Yugoslavia 

15 

TOTAL is - 

NORTH AMERICA 

Canada 
U.S.A. 

n.a 
400 

TOTAL 400 
- 
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PRODUCT :  Alkylbenzenes (linear included) 

103 t/vear 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

LATIN AMERICA 

.Andean Group 
Countries 

Bolivia 
Chile 
Colcmbia 
Ecuador 
Peru 
Venezuela 

i 

1                  15 
i 

18.5 

Sab-tota¿ 33.5 

Argentina 
Brazil 
Mexico 
Others 

27 
n.a 

40 
35 

TOTAL 60.5 75 

AFRICA 

North Africa 

Algeria 
Egypt 
Libyan Arab Jaawhirj 
Morocco 
Tunisia 

y* 

Sab-total - - 

East and West Africa 
Ivory Coast 
Kenya 
Nigeria 
Others 

Sab-total - - 

South .Africa 

Republic of 
South Africa 

TOTAL - 

- ^- 
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PBQDöCTi    Alkylbanienee (linear inoladed) 10» t/year 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Eoirates 

Sub-total 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Tiet Baa 
Others 

Sub-total 

East Asia 

China 
Hong Kong 
Deatteratlo ftopieU 

Republic* oí Korea 
B»publio of Corea 
Other* 

Sub-to lot 

Japan 

TOTAL 

PACIFIC ARLA 

Australia 
New Zealand 

TOTAL 

WORLD TOTAL 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

10 

-.   

n.a 
12 30 

15 - 

_ - 

h— - r" Ti  
i 

50 

- - 

13 
 J&  

180 - 

230 100 

7 - 

7 - 

1 445.S 175 



- 73 • 

TABLE    A.25. 

PROOUCTION   CAPACITY 

PRODUCT :    Detergent-range Alcohols 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1930) 

WESTERN EUROPE 

Belgium 
France 
F .H.a. 
Italy 
Netherlands 
Spain 
United Kingdan 
Others 

4 
16.5 

190 
50 

5 
1 

110 
S 

TOTAL 381.5 - 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
OJ)Jl. 
Hungarv 
Poland' 
Ronnia 
U.S.S.R 
Yugoslavia 

20 
3 
9 
5 

n.a 

TOTAL 37 - 

NORTH AMERICA 

Canada 
U.S.A. 

5 
350 

TOTAL 355 



-74- 

PROOUCT :  Detergent-range Alcohols 

103 t/year 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

LATIN AMERICA 

Andean Group 
Countries • 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela .      1 

i 

Sub-total - 

Argentina 
Brazil 
Mexico 
Others 

n.a 

TOTAL - - 

AFRICA 

North Africa 

Algeria 
Egypt 
Libyen Arab Jaaahiri 
Morocco 
Tunisia 

J» 

Sab-total - - 

East and West Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-total 
__—    

South Africa 

Republic of 
South Africa - - J 
TOTAL - - 
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PRODUCT t    D«t or gent-rang« Aloohol« 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emirates 

Sub-total 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Virt IM 
Others 

Sub-to tal 

East Asia 

China 
Kons 

lo P«opl«U 
R«publio of tor** 

Republio of Korea 
Oth«re 

Sub-totat 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL 

HORLO TOTAL 

10» t/year 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

- - 

4 

 ~ , 
h        ' 

150 - 

1S4 - 

- - 

- - 

927.5 

-—A. 
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TABLE     A.26. 

PRODUCTION   CAPACITY 

PROOUCT :       Polyester fibres 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

WESTERN EUROPE 

Belgium 37 
France 120 
F .H.a. 532 
Italy 153 
Netherlands 70 
Spain 81 
Uhi ted Kingdom 160 
Others 130(1) 

TOTAL 1 283 - 

EASTERN EUROPE 

Bulgaria 31 
Czechoslovakia 26 
O.D.R. 47 
Hungary 
Poland 71 
Romania 68 
U.S.S.R 165 
Yugoslavia 21 

TOTAL 429 - 

NORTH AMERICA 

Canada 60 
U.S.A. 2 220 

TOTAL 2 280 - 

(1) 0(5 which 60 in SuitzfAland 
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PROOUCT :     Polyester fibres 

103 t/year 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

LATIN AMERICA 

Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Vene niela 

Sub-totaí 

Argentina 
Brazil 
Mexico 
Others 

TOTAL 

AFRICA 

>torth Africa 

Algeria 
Egypt 
Ubjan Arab Jaaahirlls« 
Morocco 
Tunisia 

Sub-total 

East and West Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-total 

South Africa 

Republic of 
South Africa 

TOTAL 



-78- 

PRQDÜCTt    Polyester Fibre« 10» t/year 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emirates 

Sub-total 

0) 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
71«t Ian 
Others 

including Malay i ¿a 
Sub-total 

East .Asia 

EXISTING 
CAPACITY 

69 

69 

34 

39 

26 
28 (1) 
77 

China 
Kong Kong 
Denooratfo People's 

Republic of Korea 
Republic of Korea 
Others 
Sub-tûtaz 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL 

WORLD TOTAL 

ADDITIONAL 
CAPACITY 

'start-up before 
1980) 

204 

n.a 

n.a 

171 
k- -J52L   

524 - 
  _„ 

525 - 

1 322 

- - 

5 773 



- 79 - 

TABLE   A.27. 

PRODUCTION   CAPACITY 

PRODUCT :     Polyamide fibres 

IO3  t/year 

WESTERN EUROPE 

Belgium 
France 
F.B.O. 
Italy 
Nether] aids 
Spain 
United Kingdom 
Others 

TOTAL 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
O.DJl. 
Hungary 
Poland 
Romania 
U.S.S.R 
Yugoslavia 

TOTAL 

NORTH AMERICA 

Canada 
U.S.A. 

TOTAL 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

34 10 
119 - 
304 - 
205 - 
50 - 
50 - 

217 - 
100 - 

1 079 10 

15 
30 - 
35 - 
5 6 

72 8 
15 - 

250 - 
4 - 

426 14 

60 20 
1 243 150 

1 303 170 
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PRODUCT Polyamide fibres 

10* t/year 

LATIN AMERICA 

.Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sab-total 

Argentina 
Brazil 
Mexico 
Others 

TOTAL 

AFRICA 

North Africa 

.Algeria 
Egypt 
Libyw Arab JaMfairijp 
Morocco 
Tunisia 

Sub-total 

East and West Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-total 

South Africa 

Republic of 
f)0uth Africa 

TOTAL 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1980) 

7 
30 

3 
10 
15 

65 
 .;  

45 
55 
27 

2 

194 - 

3 

-   

2 

2 

15 

18 2 
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raOIWOTi Poljwri.de fibre« 10* t/year 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emirates 

Sub-total 

Smith Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Vivi laa 
Others 

Sub-to tal 

East Asia 

China 
Hong Kong 
Deaooratio People* • 

Republic» of Korea 
ilio of Korea 

EXISTING 
CAPACITY 

23 

3» 

20 
10 
4. 

S 
7. 
8 

10 

Sub-toùu 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL 

WORLD TOTAL 

ADDITIONAL 
CAPACITY 

[start-up before 
1980) 

6 
28 

65 34 

! 

64 
6 - 

44 5 
120 

170 69 

350 5 

616 113 

29 
3 - 

32 - 

3 668 309 
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TABLE    A.28. 

PRODUCTION   CAPACITY 

PRODUCT : Acrylic fibres 

WESTERN EUROPE 

Belgiua 
France 
FJt.0. 
Italy 
Netherlands 
Spain 
United Kingdom 
Others 

TOTAL 

EASTERN EUROPE 

Bulgaria 
Czechoslovakia 
O.DJI. 
Hungary 
Poland 
Romania 
U.S.S.R 
Yugoslavia 

TOTAL 

NORTH AMERICA 

Canada 
U.S.A. 

TOTAL 

101 t/year 

ADDITIONAL 
EXISTING CAPACITY 
CAPACITY (start-up before 

1930) 

24 6 
128 36 
270 - 
234 25 

30 - 
90 - 

194 - 
60 - 

1 030 67 

12 
5 

30 
11 
15 
38 
77 
15 

203 - 

11 
376 

387 - 
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PROTOCTi    Aorjrlio fibra« 103 t/year 

LATIN AMERICA 

Andean Group 
Countries 

Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Venezuela 

Sub-total 

Argentina 
Brazil 
Mexico 
Others 

TOTAL 

AFRICA 

North Africa 

Algeria 
Egypt 
Libyan Arab 
Morocco 
Tunisia 

Sub-total 

East and West Africa 

Ivory Coast 
Kenya 
Nigeria 
Others 

Sub-total 

Jaaahirlya 

South Africa 

Republic of 
South Africa 

TOTAL 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

18 

fl 

7 
16 
34 

40 

75 40 

1» 

  

——————— ————_____. 

- 
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PftOBüOTi    Aorylic fibras 10' t/year 

ASIA 

Middle East Countries 

Iraq 
Israel 
Kuwait 
Lebanon 
Qatar 
Saudi Arabia 
Turkey 
United Arab 

Emirates 

Sub-totaJL 

South Asia 

India 
Iran 
Indonesia 
Malaysia 
Pakistan 
Philippines 
Singapore 
Thailand 
Tie* IM 
Others 

Sub-to tal 

East Asia 

China 
Hong Kong 
PeaSoimtfo People*• 

Reptiblio of Kc.« 
Repulsilo of Korea 
Other« 

Sub-totat 

Japan 

TOTAL 

PACIFIC AREA 

Australia 
New Zealand 

TOTAL 

WORLD TOTAL 

EXISTING 
CAPACITY 

ADDITIONAL 
CAPACITY 

(start-up before 
1980) 

5 
2 

26 

_ -_ 
2 

1 20 
30 
10 

- 
- - 
- - 
- - 
- - 
- - 

- 

'                 ^ 60 

i 

20 

8 

75 
 JB_  

773 

370 30 

S 75 92 

- - 

2 2 70 

i 

199 

__&i J 
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TABLE    B.2, 

DEMANO   FOR   PLASTICS    IN   SOME   INDUSTRIALIZED   COUNTRIES 

Unit    :    1000   tons 

1973 1974 1975 

WESTERN  EUROPE   :   TOTAL 14 663 15 490 12 333 

of   which   : 

.   Belgium 517.7 636.3 482.5 

.   France 2  241.9 2  406.8 1   904.1 

. F.R.O. 4   160.5 4  348.3 3 545.5 

.   Italy 2  044.7 2 051.0 1   556.6 

.   Netherlands 545.4 608.0 523.9 

.   Spain 746.9 769.1 :no.o 

.   United Kingdom 1   825.9 1   921.0 1  51b.S 

.   Others 2  580.0 2  750.0 2  200.0 

EASTERN  EUROPE   :   TOTAL » 3 797 5  150 

.   Bulgaria »       146.9 

.   Czechoslovakia •       309.0 

•  O.OJt. «       386.0 
.   Hungary «       173.0 
.   Poland »       315.0 
. RoMnia »       278.0 
.   U.S.S.R. «  1   999.0 2  227 2  384 
.   Yugoslavia »       190.0 

NORTH  AMERICA   :   TOTAL 14  036 13 872 11   185 

.   Canada 884 940 860 

.   U.S.A. 13  152 12  932 10  325 

•  1972 
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TABLE     B.3. 

WORLD   DEMAND   FOR   LOW-DENSITY   POLYETHYLENE   BY   REGION 

Unit   :   1000  tons 

WESTERN  EUROPE   :   TOTAL 

of which   : 

. Belgium 

. France 

. TJL.Q. 

. Italy 

. Netherlands 

. Spain 

. United Kingdom 

.  Others 

EASTERN EUROPE   :   TOTAL 

.  Bulgaria 

.   Czechoslovakia 
• a.Dji. 
. Hungary 
. Poland 
• Roaanla 
.   U.S.S.R. 
.  Yugoslavia 

NORTH  AtTERICA   :   TOTAL 

• Canada 
.   U.S.A. 

1973 1974 1975 

3   115 3  303 2 318 

120 183 88 
462.7 557.5 333.1 
769 757 587.5 
504 474 374 
104 106 75 
210.5 193 140 
395 446 310 

550 585 410 

2 688 

214 
2  474 

2  779.7 

232.7 
2 547 

750 

2 169 

200 
1 969 

• 1972 -  Including HD polyethylene 

¡J^ 
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TABLE      8.4 

WORLD   DEMAND  FOR   HIGH-DENSITY   POLYETHYLENE 

Unit : 1000 tons 

WESTERN EUROPE : TOTAL 

of which : 

.   Belgium 

.  France 

. FJUG. 

.  Italy 

. Netherlands 

. Spain 

. United Kingdom 

. Others 

EASTERN EUROPE   :   TOTAL 

• Bulgaria 
. Czechoslovakia 
. O.DJt. 
. Hungary 
. Poland 
. RoMnia 

. U.S.S.R. 
• Yugoslavia 

NORTH AITERICA   :   TOTAL 

.  Canada 
U.S.A. 

1973 

977 

43 
143.6 
299 
113 
38.5 
75 
92 

173 

1974 

1   209.1 

84.1 
1   125 

1   234 

49.3 
183.4 
432.5 
122 
43.9 
85.1 

100 

218 

1   207.8 

86.B 
1   121 

1975 

843 

37 
131.3 
250 

92 
34 
60 
90 

149 

150 

1  017 

80 
937 
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TABLE     B.5. 

WORLD   DEMAND   FOR   POLYPROPYLENE 

Unit   :   1000  tons 

1973 1974 1975 

WESTERN EUROPE : TOTAL 576 692 543 

of which : 

. Belgium 5.1 11.5 14.2 

. France 61.2 83 65.9 
• rjua. 125 149 110 
. Italy 95 110 72 
. Netherlands 18.5 26 12 
. Spain 21.9 25.1 18 
. United Kingdom 147 165 155 

. Others 102 122 96 

EASTERN EUROPE : TOTAL • 131.3 200 

. Bulgaria • 20 

. Czechoslovakia » 10 
• O.DJ». • 27.1 
. Hungary •  6 
. Poland • 25 
. Rowmia *  9.2 
. U.S.S.R. » 24.5 
. Yugoslavia »  9.5 

NORTH AtlERICA : TOTAL 927.8 960.3 823 

. Canada 53.8 59.3 55 

. U.S.A. 874 901 768 

•  1972 

**^ 
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TABLE    B.6, 

WORLD   DEMAND   FOR   P.V.C. 

Unit   :   1000  tons 

WESTERN  EUROPE   :   TOTAL 

of which   : 

.   Belgium 

.   Franca 
• FJUQ. 
.  Italy 
. Netharlands 
. Spain 
. United Kingdom 

. Others 

EASTERN EUROPE : TOTAL 

. Bulgaria 

. Czechoslovakia 

• O.DJt. 
. Hungary 
. Poland 
. He—it* 
. U.S.S.R. 
. Yugoslavia 

NORTH AMERICA : TOTAL 

. Canada 

. U.S.A. 

1973 

3 474 

97 
622 
991 
445 
160 
129.2 
415 

615 

2 213.9 

128.9 
2 085 

1974 1975 

3 492 

113 
626 
933 
445 
162 
153.8 
417 

620 

2 149.6 

143.6 
2 006 

2 828 

90. 
525 
792 
331 
148 
110 
331 

500 

930 

1 763 

130 
1 633 

•1972 



-99- 

m 
e 
o 

o 
o 
Q 

! 

i 
i 

i 

i 

O) 

01 
«3 
O) 

CO 
CO 
O) 

m 
(O 
O) 

m in (û N £ o 
CN 
(NI 

on 
co CM 

O 
co 

o 
in 

CD  «- r- IN 

d   cN fs n o o Os in 

CD      T- 0) CO C**      ^t 
O    f CN en un     CM 
co r- 

eo 
in CN 

o)    in 
CN      *- 

CD CO 
CN 

«J- CD  «-  CO      VO 

O t- CD CO  O iTi 
CO v o in tn CM 
CN 

s 
tN a> a> m    IA 

m 0) a en    ;*• 
no* *    CM 

fv   g f>> m »   "0 
co   en co en rt    *• 

*>, 

S 

01   CD 
a 

•H 2 u <l 
t--H •H +> Ul 
+»   fci u -I <i m Ml «Ci 
c o 9 < Ul <l <o «Cl tri Ul 
3 U Í h- HI Ul o CJI LUI < 

«J               O <! o CCl 10       o H) C_)   (0 <i cri £ c           o   •• »— U-l c •H           CJ en c •H cri r ID IL.' 
<l o kW    U en ICI u >. t-1 U-l _II C) «ri < 

+j ii o  c   in in 1 ai a a < i î-,  ça <i <i •H n 
C -H  O   CO   c- U n £. 60 > u. c .c O    00 m C tu) Ti u 
g N i 01  tu •J < \-\ * H   MO 3 i-1 Í >   -H t— i h-l 1 c 
BO ID   X   T)   C 
tejen 

c o en < LU E 1- (0 1 i-i z C/11 Zl < Di u. 
m Ol 4- H\ <+• «ri Ö! 4- ni M 

< en E < a u cr ZI n o LUI O cm u 
«r 

«t 
a. 



-100- 

m 
tv 
tn 

in 
io 

í\l 
CSI 
ro 

¡a 
m 

*r      co 
co      o 
r- CN 

Oí 
CN 

oí O) 
in 

01 
CN 

co 
ro 

co 
m 

(O 
co 

io 
c 
o 

•u O) 
CO 
CO 

O «- O 
V (M *- 
«-      m       csi 

o 
o 
o 

IV. 
OJ 

o 
OÍ 

O) 
co 
O) 

CO 
co 
Ol 

m 
co 
Ol 

i 

< 
•- o 

to < 

e 
o 

C/11 

c/ll 
<l 
UJI 

00 
c 

lili o »fu r O m -> 

coi 
<i 

i 
XI 
K I 
ZÌI 
Ol 
1/>I 

Ol 
O) 

10  c 
C   TH   -H 
IO m Q 
«ma 
1/1    C   -H 

J; u 'H 
(CI 

CD 
t. TD 
G C 
a (Q 
m « 

C (t 
xz 

M   M   Q.   M  CL   [/)   I- 

s; •• 
IUI     C 

I      Ü 
LUI      -iH 
-ji   .c 
S1    * Cl 

<)- 
o 

c 
O  -i 
c  a 

CT   V   HJ 
«ai. 
c- ai m 

CL ID 
.«: T-. 
(- t, 

i- en 
ci 

i^B^ki 



r  

- 101 - 

TABU B.7. 

Motu) nun FOR POLTSTTREHE 

Unit   :   1000  tons 

1973 1974 1975 

WESTERN EUROPE : TOTAL 1 528 1 701 1 338 

of which : 

. Belgium 52 58 51 

. France 230 240 203 
• T&.Q. 410 500 415 
. Italy 235 242 180 
. Netherlands 50 58 57 
. Spain 89.5 98 70 
. United Kingdom 191 205 126.5 

. 0ther3 270 300 235 

EASTERN EUROPE : TOTAL 310 

. Bulgaria 

. Czechoslovakia 

. O.DJl. 

. Hungary 

. Poland 

. Roaania 

. U.S.S.R. 

. Yugoslavia 

NORTH AMERICA : TOTAL 1 869.6 1 796.3 1 603 

. Canada 93.6 107.3 100 

. U.S.A. 1 776 1 689 1 503 

•  1972 

_—_»• 
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TABLE    B.8 

WORLD  DEMAND  FOR   ABS   AND   SAN   RESINS 

Unit   :   1000  tons 

1973 1974 1975 

WESTERN  EUROPE   :   TOTAL 293 300 266 

of which   : 

.   Belgium 

.   France 

.  FJt.0. 

.   Italy 

.  Netharlands 

.  Sp-<n 

.  U     .ad Kingdom 

5 
34 
95 
54 

6 
6.2 

41 

a 
36 
95 
56 

6 
6.5 

37 

6 
33 
90 
53 

6 
5 

26 

.   Others 52 53 47 

EASTERN EUROPE   :   TOTAL 65 

.  Bulgaria 

.  Czechoslovakia 

. a.Djt. 

.   Hungary 

.  Poland 

. Roaania, 

.   U.S.S.R. 

.  Yugoslavia 

NORTH AMERICA   :   TOTAL 502 449.2 300 

.  Canada 

.  U.S.A. 

43 
459 

43.2 
406 

44 
256 

•  1972 
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TABLE    B.9. 

STRUCTURE   OF   DEMAND   FOR   PLASTICS 

Percentage 

REGION 1973 1974 1975 1976 1980 1985 

JAPAN 

Polyethylene Id 16.1 14.9 16.4 
Polyethylene hd 8.0 7.0 6.9 
Polypropylene 10.3 10.6 11.9 
PVC 27.2 19.9 26.0 
Polystyrene 6.6 6.0 7.3 
ABS 4.0 9.1 4.5 

TOTAL 72.2 67.5 73.0 

WESTERN EUROPE 

Polyethylene Id 21.2 21.4 18.8 
Polyethylene hd 6.7 8.0 6.8 
Polypropylene 3.9 4.5 4.4 
PVC 23.7 22.6 22.9 
Polystyrene 10.4 11.0 10.8 
ABS 2.0 1.9 2.1 

TOTAL 67.9 69.4 65.8 

EASTERN EUROPE 

Polyethylene Id 14.6 
Polyethylene hd 2.9 
Polypropylene 3.9 
PVC 18.1 
Polystyrene 6.0 
ABS 1.2 

TOTAL 46.7 

U.S.A. 

Polyethylene Id 18.8 19.7 19.1 
Polyethylene hd 8.6 8.7 9.1 
Polypropylene 6.6 7.0 7.4 
PVC 15.8 15.5 15.8 
Polyttyrene 13.5 13.1 14.5 
ABS 3.5 3.1 2.5 

TOTAL 66.8 67.1 68.4 
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TABLE   B. 9.     CCONTINUED) 

STRUCTURE   OF   DEMAND  FOR   PLASTICS 

Percentage 

REGION 1973 1974 1975 1976 1980 1985 

LATIN AMERICA 

Polyethylene Id 25.1 26.0 24.7 
Polyethylene hd 8.2 7.1) 7.7 
Polypropylene 4.6 4.9 5.6 
PVC 18.7 21.0 19.5 
Polystyrene 9.4 9.7 8.4 
ABS 1.3 1.2 1.3 

TOTAL 67.3 69.8 67.2 

ASIA 

CHINA 

Polyethylene Id 
Polyethylene hd 
Polypropylene 
PVC 
Polyatyrene 
ABS 

TOTAL 

EAST ASIA 

Polyethylene Id 26.9 26.9 26.8 
Polyethylen« hd 9.1 9.0 9.1 
Polypropylene 9.9 10.1 10.0 
PVC 24.0 23.9 24.0 
Polystyrene 8.9 9.0 8.9 
ABS 1.0 1.0 1.1 

TOTAL 79.8 79.9 79.9 

SOUTH ASIA 

Polyethylene Id 26.9 27.0 26.6 
Polyethylene hd 9.0 9.0 9.0 
Polypropylene 10.0 9.9 10.0 
PVC 23.9 24.1 24.1 
Polystyrene 9.0 8.9 9.0 
ABS 1.0 1.0 1.0 

I    TOTAL 79. S 79.9 79.9 
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TABLE   B.9.       (CONTINUED) 

STRUCTUPE   OF   DEMAND   FOR   PLASTICS 

Percentage 

REGION 1973 '974 1975 1976 1980 J  1985 

ASIA (continued) 

niODLE EAST 

Polyethylene Id 
Polyethylene hd 
Polypropylene 
PVC 
Polystyrene 
ABS 

26.9 
8.7 
5.1 

29.0 
9.5 
1.0 

27.1 
8.4 
5.2 

28.9 
9.4 
1.0 

26.7 
a.5 
5-5 

29.0 
9.4 
1.1 

TOTAL 80.2 80.0 80.2 

PACIFIC AREA 

Polyethylene Id 
Polyethylene hd 
Polypropylene 
PVC 
Polystyrene 
ABS 

20.0 
8.0 
4.9 

22.9 
10.0 
2.0 

22.0 
8.0 
5.0 

22.8 
10.0 
1.8 

21.8 
8.0 
5.1 

23.1 
10.0 
2.0 

TOTAL 67.8 69.6 70.0 

AFRICA 

NORTH AFRICA 

Polyethylene Id 
Polyethylene hd 
Polypropylene 
PVC 
Polystyrene 
ABS 

30.1 
9.5 
4.0 

29.1 
9.0 
0.5 

30.0 
9.5 
4.1 

29.1 
9.1 
0.4 

30.0 
9.6 
4.2 

29.2 
9.2 
0.6 

TOTAL 62.2 82.2 82.8 

WEST AFRICA 

Polyethylene Id 
Polyethylene hd 
Polypropylene 
PVC 
Polystyrane 
ABS 

30.7 
9.8 
4.3 

29.4 
9.2 
0.8 

30.4 
9.8 
4.4 

29.4 
8.8 
0.5 

30.4 
9.6 
4.3 

28.7 
8.7 
0.9 

TOTAL 

I 
84.0 83.3 82.6 
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TABLE   B.9.    CCONTINUED) 

STRUCTURE   OF   DEMAND   FOR   PLASTICS 

REGION 

AFRICA (continued) 

EAST AFRICA 

Polyethylene Id 
Polyethylene hd 
Polypropylene 
PVC 
Polystyrene 
ABS 

TOTAL 

CENTRAL AFRICA 

Polyethylene Id 
Polyethylene hd 
Polypropylene 
PVC 
P"lyetyren« 
«BS 

TOTAL 

SOUTH AFRICA 

Polyethylene Id 
Polyethylene hd 
Polypropylene 
PVC 
Polystyrène 
ABS 

TOTAL 

1973 

30.3 
10.1 
4.0 

29.3 
9.1 
5.0 

87.8 

30.5 
9.5 
3.8 

28.6 
9.5 

81.9 

22.0 
8.0 
5.0 

23.0 
10.0 
2.0 

70.0 

1974 

30. 
10, 
4, 

28. 
9. 
0. 

83.3 

29.7 
9.4 
3.9 

29.7 
9.4 
0.6 

82.9 

22.2 
7.8 
5.0 

23.0 
10.0 
2.0 

70.0 

1975 

30.0 
10.0 
4.2 

29.2 
9.2 
0.8 

83.4 

30.7 
9.3 
4.0 

29.3 
9.3 
0.7 

83.3 

21.9 
8.1 
5.0 

23.1 
10.0 
2.0 

70.1 

Percentage 

1976 1980 1985 
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TABLE   8.9. (CONTINUED) 

STRUCTURE   OF   DEMAND   POR   PLASTICS 

Percentage 

REGION 1973 1974 1975 1976 1980 19B5 

NORTH AMERICA 

Polyethylene Id 18.3 20.0 19.4 
Polyethylene hd 8.6 8.7 9.1 
Polypropylene 6.6 6.9 7.3 
PVC 15.8 15.5 15.8 
Polystyrene 13.3 12.9 14.3 
ABS 3.6 3.2 2.7 

TOTAL 66.2 67.2 66.6 

WORLD TOTAL • • 

Polyethylene Id 
Polyethylene hd 
Polypropylene 
PVC 

19.7 
7.1 
5.9 

21.0 

20.2 
8.1 
6.4 
19.9 

19.0 
7.1 
6.4 

22.1 
Polystyrène 
AK 

10.5 
2.6 

10.7 
2.6 

10.5 
2.3 

TOTAL 67.8 67.9 67.4 

• Excluding Eastern Europe 

-•»- 
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TABLE     B.11. 

DEMAND   FOR   MAN-MADE   FIBRES    IN   SOME    INDUSTRIALIZED   COUNTRIES 

Unit   :   1000   tons 

WESTERN EUROPE : TOTAL 

1972 1973 1974 1975 

2 403 2 900 2 570 2 231 

of which : 

. Belgium 226 264 247 195 

. France 316 363 336 267 

. F.R.a. 538 588 558 452 

. Italy 355 434 338 284 

. Netherlands 

. Spain 196 337 218 205 

. United Kingdom 466 552 499 485 

. Others 306 362 374 343 

EASTERN EUROPE : TOTAL 1 629 1 700 1 850 1 900 

. Bulgaria 52 

. Czechoslovakia 119 

. O.D.R. 222 

. Hungary 48 

. Poland 204 

. Ronanla 106 

. U.S.S.R. 807 

. Yugoslavia 71 

NORTH AMERICA : TOTAL 3 101 3 363 3 128 2 839 

. Canada 174 197 182 174 

. U.S.A. 2 927 3 166 2 946 2 665 
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TABLE    t.12. 

WORLD   DEMAND   FOR   SYNTHETIC   FIBRES 

Unit    :    1000.   tons 

•¿F STERN   EUROPE TOTAL 

of  which    : 

.   Belgium 

.   France 

• F.H.Q. 
.   Italy 
.   Netherlands 
.   Spain 
.   United     ingjom 

.  Others 

EASTERN  EUROPE   :   TOTAL 

.  Bulgaria 

.   Czechoslovakia 
• a.D.R. 
. Hungary 
. Poland 
. RoMnia 
. U.S.S.R. 
. Yugorlavia 

NORTH AMERICA : TOTAL 

. Canada 
. U.S.A. 

19 72 

1 610 

137 

183 
374 

238 

140 
316 

222 

557 

29 
41 

50 
16 

83 
33 

270 

35 

2 429 

135 
2 294 

1973 

1 930 

172 
245 
424 

307 

164 

400 

218 

680 

1974 

2 734 

154 

2 580 

1 770 

159 
226 
409 

223 

150 

368 

235 

830 

2 591 

144 
2 447 

19 '5 

1 640 

144 

187 
340 
215 

154 

339 

261 

950 

2 475 

148 
2 327 
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TABLE      B.13   . 

WORLD   DEMAND   FOR   POLYESTER   FIBRES 

Unit  :   1000 tons 

1973 1974 1975 

WESTERN EUROPE : TOTAL 695 645 590 

of which : 

. Belgium 

. France 
• rjt.o. 
. Italy 
. Netherlands 
. Spain 
. United Kingdom 

• Others 

EASTERN EUROPE : TOTAL 205 300 350 

. Bulgaria 

. CzechoslovaKla 

. O.D.R. 

. Hungary 

. Poland 

. Roaania 

. U.S.S.R. 

. Yugoslavia 

NORTH AMERICA : TOTAL 1 365 1 345 1 375 

. Canada 

. U.S.A. 

-^ 
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TABLE    B.14 

WORLD   DEMAND   FOR   POLYAMIDE   FIBRES 

Unit  :   1000 tons 

1973 1974 1975 

WESTERN EUROPE : TOTAL 675 620 560 

of which : 

. Belgium 

. France 

• PJt.0. 
. Italy 
. Netherlands 
. Spain 
. United Kingdom 

. Others 

EASTERN EUROPE : TOTAL 295 320 355 

. Bulgaria 

. Czechoslovakia 
• a.Djt. 
. Hungary 
. Poland 
. KoMnl« 
. U.S.S.R. 
. Yugoslavia 

NORTH AMERICA : TOTAL 1 025 960 855 

• Canada 
. U.S.A. 
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TABLE    B.T5 

WORLD  DEMAND   FOR   ACRYLIC   FIBRES 

Unit   :   1000  tons 

WESTERN EUROPE   :   TOTAL 

of which   : 

• Belgium 
. France 
• PJt.O. 
. Italy 
. Netherlands 
. Spain 
. United Kingdom 

. Others 

EASTERN EUROPE : TOTAL 

. Bulgaria 
. Czechoslovakia 

• O.DJI. 
. Hungary 
. Poland 
. Boaenia 
. U.S.S.R. 
. Yugoslavia 

NORTH AMERICA : TOTAL 

• Canada 
. U.S.A. 

1973 

540 

1974 

485 

150 

340 

-180 

285 

1975 

475 

20S 

245 

-•*>- .J 
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TABLE    B.16. 

STRUCTURE   OF   THE   DEMAND   FOR   SYNTHETIC   FIBRES 

Percentage 

WORLD. TOTAL 

1973 1974 1975 1980 1965 

Acrylic 
Polyamide 
Polyester 
Other 

19.2 
36.5 
43.3 
1.0 

18.3 
35.3 
44.4 
2.0 

18.2 
33.9 
46.3 
1.6 

TOTAL 100 100 100 

WESTERN EUROPE 

Acrylic 
Polyamide 
Polyester 
Other 

2a 
35 
36 
1 

27.5 
35 
36.5 
1 

29 
34 
36 
1 

27 
30 
42 
1 

25 
26 
46 
1 

TOTAL 100 100 100 100 100 

EASTERN EUROPE 

Acrylic 
Polyamide 
Polyester 
Other 

22 
43.5 
30.0 
4.5 

21.5 
36.5 
36 
4 

21.5 
37.5 
37 
4 

20.5 
34.5 
41 
4 

20 
32 
44 
4 

TOTAL 100 100 100 100 100 

U.S.A. 

. Acrylic 
Polyamide 
Polyester 

- Other 

12.5 
37.5 
50 

11 
37 
52 

10 
34.5 
55.5 

10 
32 
58 

10 
29 
61 

TOTAL 100 1O0 100 100 100 

JAPAN 

Acrylic 
Polyamide 
Polyester 
Other 

27 
27.5 
36.0 
7.5 

24.5 
26 
41.5 
8 

24 
27.5 
43.5 
5 

23 
25 
47 
5 

21 
23 
51 
5 

TOTAL 100 100 100 100 100 

_ii 
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TABLE     B.I 6.   (CONTINUED) 

STRUCTURE   OF   THE   DEMAND   FOR   SYNTHETIC   FIBRES    (CONTINUED) 

Percentage 

LATIN AHERICA 

1973 1974 1975 1980 1985 

Acrylic 14 18.5 19.5 19 17 
Polyamide 36 32.5 30 
Polyester 50 49 50.5 55 60 
Other 1 2 

TOTAL 100 100 100 

ASIA 

CHINA 

Acrylic 18 17.5 17 
Polyamide 43.5 38.5 37.5 
Polyester 38.5 44 45.5 
Other - - - 

TOTAL 100 100 100 

EAST ASIA 

Acrylic 16 16 16 
Polyamide 38 34 31 
Polyester 46 50 53 
Other - - - 

TOTAL 100 100 100 

SOUTH ASIA 

Acrylic 15 15 15 
Polyamide 40 36 33 
Polyester 45 49 52 
Other - - - 

TOTAL 100 100 100 

fllOOLE EAST 

Acrylic 10 10 9.5 10.5 11 
Polyamids 53 50 47.5 37 29.5 
Polyester 37 40 42.5 51.5 57.5 
Other - - 0.5 1.0 2.0 

TOTAL 100 100 100 100 100 
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TjBtf g. 16,   araüCTORE OF TOT SPIATO fm sptTHETIC mfflgg (Contimit 

Percentage 

L 

AFRICA 

NORTH AFRICA 

Acrylic 
Polyamide 
Polyester 
Other 

TOTAL 

WEST AFRICA 

Acrylic 
Polyamide 
Polyester 
Other 

TOTAL 

EAST AFRICA 

Acrylic 
Polyamide 
Polyester 
Other 

TOTAL 

CENTRAL AFRICA 

Acrylic 
Polyamide 
Polyester 
Other 

TOTAL 

SOUTH AFRICA 

Acrylic 
Polyamide 
Polyester 
Other 

TOTAL 

PACIFIC AREA 

Acrylic 
Polyamide 
Polyester 
Other 

TOTAL 

1973 

15 
36 
49 

100 

10 
40 
50 

100 

10 
40 
50 

100 

10 
40 
50 

100 

21 
35.5 
41.5 
2 

100 

21 
35.5 
41.5 
2 

100 

1974 

15 
35 
50 

100 

10 
38 
52 

100 

10 
38 
52 

100 

10 
38 
52 

100 

19.5 
35 
43.5 
2 

100 

T 
1975 

1r> 
34 
51 

100 

10 
35 
55 

100 

10 
35 
55 

100 

10 
35 
55 

100 

19 
33.5 
46 
1.5 

100 

19.5 19 
35 35.5 
43.5 44 

2 1.5 

100 100 

1980 1985 
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TABLE     B. 18 

DEMAND   FOR   TOTAL   RUBBER    IN   SOME   INDUSTRIALIZED   COUNTRIES 

Unit   :   1000   tons 

WESTERN  EUROPE   :   TOTAL 

of  which   : 

• Belgium 
.   France 
• F.R.O. 
.   Italy 
. Netherlands 
. Spain 
. United Kingdom 

. Others 

EASTERN EUROPE : TOTAL 

Bulgaria 
Czechoslovakia 
O .D.I. 
Hungary 
Poland 

Roaania 
U.S.S.R. 
Yugoslavia 

NORTH AWERICA : TOTAL 

• Canada 
. U.S.A. 

1973 

2 730 

90 

467 
613.5 
360 
65 

517 

597.5 

2 100 

3 375 

245.6 
3 129.5 

1974 

2 650 

90 

471 
553 
380 
87 

446.5 

622.5 

2 300 

1975 

2 467 

95 

434 
513 
338 
87.5 

437.5 

562 

2 450 

3 299 2 813 

245 252 
3 054 2 561 
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TABLE       B.19. 

WORLD   DEMAND   FOR   SYNTHETIC   RUBBER 

Unit   :   1000 tona 

WESTERN EUROPE   :   TOTAL 

1973 1974 1975 1976 

1   795 1   720 1   560 1  732 

of which   : 

.   Belgi .m 60 60 65 65 

.   Franca 305 308.5 277.5 286 

. FJUQ. 408 359 316 338 

.   Italy 240 255 220 270 

.   Netherlands 61.5 62 63 63 

.   Spain 134 122.5 109.5 115 

.   United Kingdom 330.5 279 267 324.5 

.  Others 256 274 242 270.5 

EASTERN EUROPE   :   TOTAL 1  610 1   800 2  000 2 125 

.  Bulgaria 

.  Czechoslovakia 

. OJ)J. 

.  Hungary 

.  Poland 

. Roaania 

.   U.S.S.R. 

.   Yugoslavia 

NORTH AMERICA  i   TOTAL 2 617 2  495 2  076 2 379 

.  Canada 186 181 179 204 

.   U.S.A. 2 431 2  314 1   897 2  175 
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TABLE    B.20 

WORLD   DEMAND   FOR   S.B.R. 

Unit   :   1000   tons 

WESTERN  EUROPE   :   TOTAL, 

of which   : 

• Belgium 
.   France 
• rx.Q. 
. Italy 
. Netherlands 
. Spain 
. United Kingdom 

. Others 

EASTERN EUROPE : TOTAL 

• Bulgaria 
• Czechoslovakia 
• O.DJI. 
. Hungary 
. Poland 
. Roaania 
. U.S.S.R. 
• Yugoslavia 

NORTH AMERICA : TOTAL 

. Canada 

. U.S.A. 

1973 

1 085 

43.0 
199.0 
269.0 
174.0 
60.0 
86 
179.0 

75.0 

1 030 

1 530 

1974 

1 040 

40.0 
194.0 
238.0 
165.5 
65.0 
78 

175.0 

84.5 

1   130 

1   470 

1 

1975 

945 

35.0 
137.0 
233.0 
114.0 
56.0 
71 

120.0 

179. 

1 240 

1 265 
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TABLE      B.21 

WORLD   DEMAND   FOR   POLYBUTADIENE   RUBBER 

Unit   :   1000  tons 

WESÍERN  EUROPE   :   TOTAL 

of  which   : 

.   Belgium 

.   France 
•  FJUQ. 
.   Italy 
.   Netherlands 
.   Spain 
. United Kingdom 

. Others 

EASTERN EUROPE : TOTAL 

. Bulgaria 
. Czechoslovakia 
. OJ)Jl* 
. Hungary 
. Poland 
. Roaania 
. U.S.S.R. 
• Yugoslavia 

NORTH AMERICA : TOTAL 

• Canada 
. U.S.A. 

1973 

242 

17.7 
45.0 
67.0 
31.0 
4.8 

17 
40.0 

19.5 

103 

335 

1974 

232 

19.2 
44.0 
60.0 
30, 
3, 

15 
36. 

22.5 

114 

312 

1975 

211 

15.0 
29.7 
29.7 
21.1 
3.5 

19 
30.0 

63.0 

124 

311 
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TABLE     B.23. 

STRUCTURE   OF   THE   DEMAND   FOR   SYNTHETIC   RUBBER 

Percentage 

1973 1974 1975 1976 1980 1985 

WORLD.TOTAL 

SBR 
Polybutadlene 
Others 

62.2 
11.6 
26.2 

62.7 
11.4 
25.9 

62.7 
12.0 
25.3 

61.5 
14 
24.5 

63 
14 
23 

TOTAL 100.0 100.0 100.0 100 100 

WESTERN EUROPE 

SBR 
Polybutadlene 
Others 

60.5 
13.5 
26 

60.5 
13.5 
26 

60.5 
13.5 
26 

59 
14 
27 

58 
14.5 
27.5 

TOTAL 100 100 100 100 100 

EASTERN EUROPE 

SBR 
Polybutadlene 
Others 

64 
7 

29 

63 
S 

29 

62 
9 

29 

57 
10 

33 

55 
12 

33 

TOTAL 100 100 100 100 100 

U.S.A. 

SBR 
Polybutadlene 
Others 

58.5 
12.8 
28.7 

58.8 
12.5 
28.7 

61 
15 

24 

57 
16 

17 

56 
16.5 

27.5 

TOTAL 100 100 100 1O0 100 

JAPAN 

SBR 
Polybutadlene 
Others 

59 
13 
28 

60 
13.5 
26.5 

61 
14 

25 

60 
15 

25 

56 
16 
26 

TOTAL 100 100 100 100 100 
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TABLE     B.23 .    CCONTINUED) 

STRUCTURE   OF   THE   DEMAND   FOR   SYNTHETIC   RUBBER   (CONTINUED) 

Percentage 

LATIN  AHERICA 

1973 1974 1975 1976 198Q 1985 

SBR 74 76.5 (61.5) 70 67 
Polybutadiene 14 13.5 14.5 15.5 16.5 
Others 12 10 24 14.5 26.5 

TOTAL 100 100 100 100 100 

ASIA,   excl.   JAPAN 

SBR 78 75.5 75 74 71 66 
Polybutadiene 12 12.5 13 14 15 
Others 12 12 12 15 17 

TOTAL 100 100 100 100 100 

AFRICA,   excl.   S.AFRICA 

SBR 80 79 78 75 70 
Polybutadiene a 9 10 12 14 
Others 12 12 12 13 16 

TOTAL 100 100 ito 100 100 

SOUTH   AFRICA 

SBR 71 70 69 65 63 
Polybutadiene 10 11 12 14 15 
Others 19 19 19 21 22 

TOTAL 100 100 100 100 100 

PACIFIC  AREA 

SBR 66 65.5 65 64 63 
Polybutadiene 12 13 14 15 16 
Others 22 21.5 21 21 21 

TOTAL 100 100 100 100 100 
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TABLE    B.24 

SYNDETS   -   WORLD   DEMAND   BY   REGION   -   ESTIMATE 

Unit   :   1000  t 

1973 1975 

WESTERN EUROPE 4 000 3 300 

of which E.E.C. 3 300 2 750 

EASTERN EUROPE 1 500 

NORTH AMERICA 3 000 2 700 

of which U.S.A. 2 700 2 420 

. J 
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Appendix C 
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PETROCHEMICAL TRADE, MAIN ASSUMPTIONS 

CONCERNING TABLES 0.1. thro««* 0.74. 

THERUDPLASTICS/THERWOSETTINGS  i 

includa ion-exchange resins, polyamide,   melamine, formaldehyde,  urea 
formaldehyde, phenolic and phenolic molding compounds,  polyester, 
alKyd,  silicone, epoxy,   resins for adhesive and protective coatings, 
SAN,  ABS, other styrene copolymers,  PVA,   acrylic and other 
polymer and copolymer resins. 

SYNTHETIC FIBRES  : 

Include polyamide, polyester, définie,  acrylic, chloroflores and 
other synthetic fibres and yams. 

SYNTHETIC ELASTOMERS   : 

Include styrene-butadiene (rubber and latex), polybutadiene rubber« 
butyl rubber, polyisoprene rubber, nitrii« rubber, ethylene-propylene 
rubber and other rubbers. 
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Appendix D 

MAJOR TRENDS IM SECTORAL DEMAND FOR FINAL PRODUCTS 

Plastics 

General 

The necessity for the plastics industry to develop its own processine 

techniques undoubtedly slowed down expansion in the initial phase corres- 

ponding to the first IO-I5 years after the end of the Second World War. 

As soon as the basic knowledge for injection moulding,  extrusion and 

other specific processing possibilities had been dovelopcd,  these new polymer 

materials with their self-created processing industry then expanded by means 

of substitution and innovation.    In numerous cases,   the diversity of now 

resins (including grades of large tonnage polymers) has meant new applications 

and vice versa. 

The broad spectrum of conventional materials (such as metal,  wood, 

ceramics, paper) offered the new-comer so many possibilities of substitution 

with new technologies,  that all  sectors concerned with plastics - including 

processing and machinery - enjoyed a period of extremely high growth from the 

middle of the fifties onwards.    This expansion was also supported by the 

downward trend in plastics prices in real terms (up to 1973). 

However,   from the beginning of the seventies,  it appeared that.the period 

of oonbtant growth - I5 per cent per annum on a worldwide scale - was coming 
to an end. 

The slow-down in the expansion of the plastics market accelerated in  the 

industrialized countries in 1974-1975t  whereas other parts of the world 

showed a more favourable development in consumption (probably due to tho 

large potential demand in those countries). 

After the present period of making-up for tho poor results registered 

in industrialized countries in 1974-1975.  the future development of plastico 

has become more questionable in those countries.    An inventory of the major 

outlets and trends in the plastic markot would help to forecast the futuro of 
this sector. 
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As for developing countries,  the development of markets and market 

structures to be observed in the more advanced countries offers,  to a 

large extent, an indication of the demand for plastics. 

Demand for plastics by sector 

Despite the marked expansion of the demand for plastics registered 

over the two past decades,   the penetration of these materials is still 

limited to sectors with large potential:    construction and transportation. 

In the United States,   for example,  with its relatively high level of 

demand,   the construction of a new house requires only one ton  of plastics, 

a small quantity when compared with the total volume of building materials 

needed for this construction.    In the transportation sector,  plastics 

account for a modest  3-5 per cent of materials used for the manufacture of 

a car,   this percentage being close to that  of aluminium (the current com- 

petitor of plastics in many applications). 

On this basis,  a further penetration of plastics in these two large 

areas of applications can still be expected as recently forecast for the 

transportation sector by International Research and Technology in a report 

to the Government.    (See Table Dl below). 

They estimated (conservatively)  that the average car in I98O will 

contain 6.7 per cent plastics and 6.3 per cent aluminium, and in 1990 

9.2 per cent plastics and 11.9 per cent aluminium. 

Mass production of car bodies has been under consideration for years 

but,  contrary to expectations, no major developments have taken place. 

The penetration of plastics into the medium-size market of packaging 

i a generally deeper than for the above two sectors.    In Prance,   for instance, 

the volume of demand for plastics in this sector corresponds to about I5 

per cent of that of paper and paper-board used in the same sector.    In the 

United States market,  this percentage is only 6 per cent.    The above per- 

centages depend to a large extent on relative prices and the availability 

of paper products.    For the other sectors with a more limited potential 

(appliances and furniture)  plastic materials have usually penetrated still 

deeper. 

s> 
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With respect to the United States market,  the breakdown of the demand 

for plastics by major end-use sectors is as follows: 

Packaging 

Building and construction 

Transportati on 

Furai ture 

Appliances 

1222 1976 

(Percentage) 

43.0 42.0 

33.0 35.0 

13-5 13.0 

6.5 6.0 

4.0 4.0 

Tables Dl  through D6 below show the demand for individual plastics in 

the United States.    Por reasons of simplicity,  only the large tonnage 

plastics dealt with in the present  study have been presented in the tables. 

These have generally better prospects (in the developing countries as well) 

than many others  such as thermosettings. 

As shown in these tables,  large tonnage plastics meet 93 per cent of 

the needs in packaging,  58 per cent in building,  but  only 28 per cer t in 

transportation.     The percentage amounts to 36 per cent in furniture and 

59 P«r cent in applicances. 

Demand for Individual plastics 

Structure of the demand for large tonnage plastics covered in the 

present study is indicated in Tables D7 through Dil.    All of them relate 

to Western Europe, but there are no large differences between the large con- 

suming areas.    At least, the trends are basically similar. 

As can be  seen from the tables,  the changes in structure in the indus- 

trialised countries are generally gradual,  reflecting, to some extent,  the 

maturation of the markets.    As a general  rule, there are one or two major 

outlets for these plastics, the share of the total remaining more or less 

constant.    For example, packaging film and sheeting in low-density poly- 

ethylene,  and hollow articles or containers in high- density polyethylene. 
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More precisely,   in the case of polyolefins (polyethylenes and poly- 

propylene),   generally the most promising class of large  tonnage plastics, 

the future development  of such plastics can be seen as  follows. 

Low-density polyethylene (LDPE) 

There is a definite trend towards the production of plastic  film. 

About two thirds of the total production are in the form of plastic film 

and sheets.    A  second production process is used to obtain various packaging 

materials such as bags,   carrier-bags,   and sacks. 

The fast growing supply of pre-packed articles in  supermarkets has 

recently contributed greatly to the vast expansion of plastic film.    However, 

this expansion is closely related to private consumption expenses.    Apart 

from plastic films for packaging,  considerable quantities of LDPE are used 

in the building,  agriculture and horticulture sectors. 

In industrialized countries, all  end-uBe areas are still growing at 

appreciable    rates,  and better than average growth is expected for garbage 

bags,  agricultural films, pallet shrink wraps,   stretch film and other 

film packaging uses. 

In all  other fields of application, the consumption of LIFE has for 

some time been in favour of other thermoplastics (mainly high-density 

polyethylene and polypropylene). 

High-density polyethylene (HOPE) 

Blow-moulding has become the most dominant market for HDPE,   following 

the development of all sorts of bottles of various sizes,  cans, barrels and 

other large containers.    The recent significant progress in processing 

techniques has contributed to this expansion. 

In the large blow-moulding sector,  outstanding growth is seen for food 

and beverage containers.    New processing technology can unlock potential 

markets such as auto-fuel tanks and shipping material. 
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Injection-moulding applications are the second outlet for HDPE with 

the production of household articles (buckets, bowls,  tanks, baskets) and 

various articles used in the packaging sector (boxes,  containers,  trans- 

portation and storage crates). 

These injection-moulded articles, as well as pipes and profiles, have 

been continually losing their share in the total HDPE consumption or only 

just holding their position.    As for the pipe sector,  its share will increase 

in the future (large diameter pipes),  while film is a modest but fast 

expanding market for HDPE.   Whereas HDPE will continue to make future gains 

in paper and glass replacement,  penetration of some traditionally secure 

HDPE markets by other plastics is expected (mainly polypropylene,  but some 

others which have become competitive in specific end-use areas). 

Polypropylen» (PP) 

Moulded parts for teohnioal applications are still dominating the PP 

market.    Polypropylene fibres have intruded heavily into the domain of jut«, 

replacing jute fibres in carpet backing and shipping Backs.    The trend 

towards a further increased share in fibre and film applications which was 

expected some years ago has been effectively realized (contrary to the 

situation observed in Japan which, however, has the most developed PP market). 

For the future,  higher market shares for fibres and related items, as 

well as for films and sheets, are foreseen in relation to their use in 

packaging. 

Bottles,  a modest polypropylene outlet,  show great promise.    As compared 

with other thermoplastics, market maturity of popypropylene is still a long 

way off.    In addition,  polypropylene now enjoys the advantage of being the 

lowest priced thermoplastic resin in the United States market.    As for PVC 

and polystyrene, the salient features and trends of sectoral demand are as 

follows. 

Polyvinyl chloride (PVC) 

PVC applications usually fall into two oategoriesi 

Rigid PVC applications. 

Soft PVC applications. 

. i 
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In the latter case, PVC resins contain plastioizers (mainly phtalates) 

in various proportions!    up to 50 per cent in a few oases. 

The major outlet for rigid PVC is found in the manufacture of pipes and 

extruded profiles,   mainly used in the building sector.    Other uses of rigid 

PVC include»    film and sheets (packaging sector), bottles (an application 

well developed in some West European countries - France,  for example).    As 

a general rule,  rigid uses have shown higher growth rates than flexible ones. 

Flexible applications consist of coated (leather-like)  fabrics, film and 

sheets, flooring (tiles), wires and cables.    Shoes are still an appreciable 

outlet for flexible PVC in some developing countries. 

For the years to come, good growth is foreseen for rigid extrusion 

products,  especially in the construction industry where pipe fittings already 

account for one third of production in the United States market.    Flooring, 

window component profiles, and siding are being promoted in the United States 

market as areas'suitable for PVC applications.    Applications    in the auto- 

motive sector are expected to grow moderately as cars become smaller and 

competition from polyurethane for leather-like applications increases. 

Some smaller end-uses,  such as records,  apparel and sporting goods, 

are not expected to show significant growth. 

In short,  the predicted growth of the demand for PVC depends, to a 

large extent,   on a development of the construction industry tied to a healthy 

economy.    A further penetration of PVC in this seotor will certainly occur, 

since the PVC industry has solved many of the technical and regulatory 

problems of recent years.    On the other hand, aluminium is a severe com- 

petitor for rigid PVC in many applications of the building sector (especially 

profiles) as has already been seen in the case of the automotive industry. 

Polystyrene (PS) 

Packaging is the main outlet and the most promising market for poly- 

styrene.    In this sector, polystyrene is mainly used for the production of 

various containers.    In this field,  PS enjoys the properties of being rigid 

and capable of being processed into thin walls (for disposable wrapping). 

_^m> 
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TABLE   Dl 

OOSWBITICBÏ OV NàflBXAU II AWU« JOTONOKU 

187S 1810 1880 

PLAST ICS 3,5 \ 6,7% 9.2 % 

ALuniNiun 2.9 8.3 11.9 

LOW-CAMON STEEL SS.2 SO .4 48,3 

8.0 8.S 7.8 

CAST  IRON 16,2 13.8 7.9 

*   Scure« i International ftmaareh and Technology 



- 235- 

TABLE   D2 

PLASTICS   IN   PACKAGING 

MATERIAL 
1975 197S 

1000 nutrie ton« 

COASTING  (FOR  PAPER.   PIU1. FOIL, METAL)    : 
. POLYETHYLENE HIGH DENSITY 
.  POLYETHYLENE LOW DENSITY 
.  POLYPROPYLENE 
.  POLYVINYL ACETATE 
. PVC 

SUBTOTAL 
OTHERS 

TOTAL 

16 
184 

3 
17 

S 

19 
214 

4 
16 

9 

230 
75 

264 
77 

SOS 341 

CLOSURES i 
. POLYETHYLENE HIGH DENSITY 
. POLYETHYLENE LOW OENSITY 
. POLYPROPYLENE 
. POLYSTYRENE 
. PVC   (GASKETS ANO LINERS) 

SUBTOTAL 
OTHERS 

TOTAL 

23 
9 

25 
23 

9 

25 
10 
35 
25 
11 

09 
10 

10B 
12 

99 118 

CONTAINERS AND LIDS  i 
. POLYETHYLENE HIGH OENSITY,  BLOW MOLDED 

UP TO 2 GAL. 
. POLYETHYLENE BLOW MCLOED 2 GAL. OR MORE 
. POLYETHYLENE INJECTION MOLOED 
. POLYETHYLENE THERMOFORMED 

. POLYETHYLENE LOW OENSITY BLOW HOLD ED 

. POLYETHYLENE INJECTION MOLDED 

. POLYPROPYLENE BLOW MOLDED 

. POLYPROPYLENE EXTRUDED (ORINKING STRAWS) 

. POLYPROPYLENE INJECTION MOLDED 

. POLYPROPYLENE THERMOFORMED 

. POLYSTYRENE BLOW MOLOED 

. POLYSTYRENE MOLOED T CRYSTAL 
FOAM 
IMPACT 

. POLYSTYRENE THERMOFORMED i FOAM 
IMPACT 
ORIENTED 
OTHBR 

. AH 

. PVC  i BLOW MOLOBD 
THERMOFORMED  CIICL. BLISTER PACKS) 

SUBTOTAL 
OTHSRS 

TOTAL 

315 
35 
90 
27 
16 
70 
13 
13 
25 

7 
12 
52 
M 
45 
•1 

120 
IB 
41 
16 
25 
34 

376 
42 
93 
26 
23 
72 
16 
14 
34 
10 
14 
55 
40 
47 
67 

124 
70 
47 
1B 
H 
35 

1145 
•0 

1261 
66 

1205 1347 

J 

l_2l 
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TABLE   ^2      continued 

MATERIAL 1975 1976 
1000 nutrie tont 

FILM   : 
.  POLYETHYLENE HIGH DENSITY 
.  POLYETHYLE LOW DENSITY 
.  POLYPROPYLENE 
.  PVC 
.  POLYSTYRENE 

SUBTOTAL 
OTHWS 

TOTAL 

31 
677 

64 
55 
15 

43 
624 

62 
60 
16 

842 
31 

1045 
39 

MO 1064 

GRAND SUBTOTAL 

OTHERS 

2306 

218 

2696 

232 

ORAM} TOTAL 2524 2128 
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TABLE D3 

PLASTICS   IN BUILDING ANO  CONSTRUCTION 

APPLICATION/MATERIAL 
1975 1976 

1000 mttric tons 

FLOORING   s  PVC 131 155 

INSULATION   í POLYSTYRENE FOAM 16 20 

LIGHTING FIXTURES   i 

.  POLYSTYRENE 11 12 

.  PVC 6 16 

PANELS AND  SIDING   :  PVC 32 42 

PIPE. FITTINGS AND CONDUIT   i 

. ABS 91 114 

. HOPE 70 113 

.  LDPE 10 15 

.   POLYPROPYLENE 5 7 

.  POLYSTYRENE 15 9 

.   PVC 460. 656 

PROFILE EXTRUSIONS 
tINCL. WINDOWS RAINWATER SYSTEMS ETC.) 

.  PVC   (INCL. FOAM) 63 69 

.  POLYETHYLENE 2 3 

VAPOR BARRIERS  : 

.  POLYETHYLENE 51 74 

. PVC   (INCL. SWIMMING POOL LINERS) 23 24 

MALL COVERINGS AND WOOO SURFACING 
(INTERIOR)   i 

.  POLYSTYREME 2 2 

. PVC 

SUBTOTAL 

45 47 

1035 1370 

OTHERS 

TOTAL 

S55 1009 

1190 2379 
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TASLE DU 

PLASTICS IN TRANSPORTATION 

MATERIAL 

1976.  1000 mitrie tons 1977,  1000 matrictona. 

Paaaangar 
oar 

Trucki, 
bum 

Pu tan gar 
car 

Truck«, 
buaaa 

AK 

POLYETHYLENE  :  hi|h danaity 

POLYPROPYLENE AND COPOLYMERS 

POLYSTYRENE i high Impact 

POLYVINYL CHLORIDE 

SAN  (STYRENE ACRYLONITRILE) 

SUBTOTAL 

OTMWS 

TOTAL 

SB 

6 

130 

2 

120 

4 

1.5 

2 

6.6 

N 

10 

N 

70 

11 

140 

2 

130 

5 

2 

3 

7 

N 

11 

N 

330 

3* 

20.3 

56,7 

35« 

43T 

23 

65 

726 77 815 88 

v> 
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TABIÍ D5 

PU8TIC3 II PÜRHTORI 

MARKET 1975 1976 

1000 metric tons 

ABS 4 S 

POLYETHYLENE 9 11 

POLYPROPYLENE 11 13 

POLYSTYRENE 26 34 

POLYVINYL CHLOREE 90 95 

SUBTOTAL 142 158 

OTHERS 237 211 

TOTAL 379 439 
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TABLE   D6 

PLASTICS   IN APPLIANCES 

MATERIAL 1975 1976 

1000 m§trie ioni 

POLYETHYLENE 

POLYPROPYLENE 

POLYVINYL CHLORIDE 

STYRENXCS  t 

. PQLYiTVWEI* 

.  SAN 

SUBTOTAL 

OTMWI 

TOTAL 

2.0 

3S.0 

20.0 

ss.o 
39.0 

5.0 

2.2 

40.0 

20.0 

70.0 

46 .0 

6.0 

156.0 

M.S 

166.2 

132.6 

254.5 320.6 

v^ J 
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Other polystyrene applications include:     appliances,  houseware, 

refrigerators and toys.    A moderate but   sustained growth is generally 

expected for these applications resulting from the competition of poly- 

propylene. 

There are practically only two fields of application for expandable 

polystyrene foam:    building (insulation)   and packaging.    In Western Europe, 

the use ir  these two areas is 49 and 42 per  cent,   respectively.    The  expected 

growth of polystyrene foam market is no more than that of styrenic  resins ao 

a whole. 

Synthetic fibres 

General 

In industrialized countries,  apparel remains the major outlet for the 

textile industry:    5I per cent of total in Western Europe, 45 per cent in 

the United States.^    However, its share in the textile market has been 

slightly decreasing over the past years to the benefit of both home fur- 

nishings (33.5 per cent of total in Western Europe,  30 per cent in the 

United States)  and industrial uses (I5.5 per cent in Wetsern Europe,   23 

per cent in the United States). 

As for the types of fibres used in the main sectors of the textile 

industry over the past years, the following remarks can be made: 

Western Europe 

- The market share held by cotton in the textile market (28 per 
cent of total on an average) has been more or less constant. 
However,   a slight upswing has been registered from I973 in 
relation to the recent development   of polyester-cotton syBtems 
(blends used for apparel production).     On the other hand,  cotton 
has lost ground in percentage terms  for both home furnishings 
and industrial uses. 

- The share of wool in textiles (12 per cent on an average) has 
•lightly decreased.    The decline has been general, but more 
severe for carpets, an area of application where the percentage 
of wool  remains higher than for the  other textile applications. 

1/     Most percentage figures cited come from International Rayon and 
Synthetic Fibres Committee and from Textile Organon. 

-1*- 
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- Similar to  the evolution in the wool   market,  cellulosic fibres 
(16  per cent  of the total on an  average)  have lost  ground in 
every sector in both percentage and volume terms.     The drop 
haB been  severe for carpets ad  for  tyres (where the  percentage 
still  amounts to 67 per cent).     The  drop in the uoe of cellu- 
losica for tyre manufacture is linked to the development of 
metallic  carcasses.    On the  other hand,   cellulosico have kept 
their market  share for home furnishings,   excluding carpets. 

- Synthetic fibres (43-5 per cent  of textile market on an average, 
as against  35 per cent at the beginning of the seventies)  have 
gained ground in every sector. 

In I975»   the penetration of synthetics by sector was as follows: 

Percentage of total fibres 

Apparel 

Carpeta 

Other furnishings 

Tyre a 

Other industrial uses 

47-5 
70.O 

29.O 

27.O 

3I.0 

Referring to the trends observed in Western Europe and to the situation 

observed in the United States (they are at a more advanced stage in terms of 

volume and market  structure) a deeper penetration of synthetic material can 

still be expected for apparel and home furnishings,   excluding carpets. 

United States 

- The share of the textile market held by cotton - 30 per cent 
of total on an average - has greatly decreased over the past 
years (40 per cent of the total in  1970).    This drop in per- 
centage has been general, but more  severe for home furnishings 
and for industrial uses.    However,   from I973 on,  the  set-back 
in percentage has been checked.     It is to be noted that the 
percentage  of cotton in textile exports has remained at a high 
level!     51  per cent of the total,   reflecting the needs of the 
importing areas. 

Wool has kept  only a modest share  of the textile market: 
per cent of the total. 

1.3 

• The share of cellulosica in the textile market has decreased 
to 7.5 per cent of the total (as against about I5 per cent in 
I97O).     This fall has been observed in every end-use sector. 
A contributory factor to this decline has been the  compara- 
tively low cotton prices. 

Synthetic fibres (61 per cent of the  textile market on an 
average as against 42 per cent in I970)  have gained ground in 
every sector of application although the percentage of synthe- 
tics was already high. 

_& 
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In 1975t   *ne penetration of synthetics by sector was as follows« 

Percentage 

57-5 

65.5 

67.O 

36.5 

Apparel 

Home furnishings 

Industrial and other consumer-type 
products 

Domestic products for exports 

Synthetic materials can be expected to penetrate further into the textile 

market.    However,  this penetration seems to be limited in the long-term, given 

the decrease in demand for wool and cellulosic fibres.    On the other hand, 

cotton is expected to lose only a modest share of the market owing to its 

firm position in apparel as a component  of polyester-cotton blend. 

Basically,   the structure of the demand for textiles by sector is not 

very different in the developing countries.    In Brazil,  for instance, apparel 

aooounted for 51 per cent of the total demand some years ago, home furnishings 

and other consumer goods for 30 per cent,  and industrial uses for 19 per cent. 

Of course,  the market share held by apparel is probably larger In developing 

countries at a less advanced stage than Brazil. 

However, the main differences between industrialized and developing 

countries lie in the degree of penetration by synthetic materials in the 

main end-use sectors. 

By referring to the structural changes recently observed in industrialized 

countries,  it is possible to obtain a fairly accurate picture of future demand 

in the developing countries. 

Synthetic fibres by type 

Of the main typeB of synthetic fibre,  polyester fibre has gained the 

largest share of the synthetics market throughout the world.    Polyester 

fibres still have a large potential growth in both 100 per cent  synthetic 

fibre fabrics as well as in blends with natural fibres,  especially cotton. 

The apparel market is generally the largest market for polyester fibres 

where they enjoy equal acceptance by both men and women.    For some apparel 

applications such as hosiery,  polyester yarns can be textured,  a feature 
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that gives the   finished fabric a inore natural  feel  resembling that  of 

fabric nade  from  spun yarn,  yet maintaining tho  economics of continuous 

filament yarns. 

Polyester  fibres are used by men for  light-weight suits,   sometimes 

alone,   but  more   often blended v/ith wool  and  likewise for slacks.     They arc 

also used for men's shirts when blended with  cotton and for women1 s  blouses, 

dros3e3,   suits and  slacks. 

The nain reason for this acceptance is  the convenience.    Polyester/ 

natural  fibre blends are the best for accepting the comparatively new per- 

manent press and crease-resistant finishes. 

Amonj; household goods,  polyester i3 well accepted for curtaining - 

again because  of its convenience and comfort.    Vihen blended with cotton, 

there isa major market developing in 3heets for bedding. 

Industrial  uses of polyester are a major market that has been developing, 

including reinforcement  of rubber goods,   cordage  and webbing. 

An important  point to be noted is that the development  of polyester 

fibres is,   to a large extent,  linked with the prices of these fibres rela- 

tive to cotton.     Assuming a price of 60 to 65 cents/pound for cotton  ( thi 3 

is a price recently observed in the United States market)  and allowing for 

a 14 per cent  loss in making yarn and a 4  to 6 per cent shrinkage in con- 

verting,   the cotton value in the finished cloth  should be about 72-7 !  cents/ 

pound.     Deducting the higher cost  of dyeing a polyester-based fabric,   this  is 

equivalent  to a polyester staple price of 60 to 65 cents/pound.    This figure 

could be used in   justifying new fibre capacity in in uctrialized countries. 

According to liumsey,  it oould only be achieved with large production units. 

On the other hand,   a United States cotton price  of 75-85 cents/pound has 

been foreseen in the lonf   term. 

In the apparel market, polyamide fibres continue to hold a share in 

women's lingerie, but they have been outpaced by other fibres in women's 

dresses and  outerwear. 

Carpets form the major outlet of polyamides in the household sector. 

There is fierce  competition in this area among all  fibres.    Although polya- 

mides are expected to hold a large share of the market,  the real growth lies 

with other fibres,   especially polypropylene. 
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Industrial uses for polyamides include:     tyre cord (almost only for 

the replacement market in the United States),   automotive upholstery,   tenting, 

tarpaulins,  nets,   cordage and as reinforcement in hose belting and similar 

products.    There are not very good prospects for these kinds of uses, 

especially for the first one listed. 

This review of the main end-use sectors of polyamide shows that the 

long-term development will in any case be more  limited than for other 

synthetic fibres. 

The main outlet for acrylic fibres is to be found in sweaters, but also 

in dresses,   suits and slacks, usually blended with wool.    In suits and 

slacks, acrylics are feeling the pressure of polyester fibres.    In household 

products, acrylics have made an excellent penetration into the markets for 

blankets as well as for rugs and carpets.    There are only a few industrial 

outlets for acrylics,   such as coverB for paint rollers. 

The following table summarizes the expected development of synthetics 

in their various end-uses. 

Table D12    Development of various end-uses for synthetics 

(in Western Europe) 

Synthetic End-use 

Nylon Increasing!    carpets,  home furnishings, panty hose 

Decreasing!    tyres 

Cor;stant    t    warp knitting,  power nets,  linings, 
ropes,  nets. 

Polyesters Increasingi    men's and women's ovterwear, underwear, 
shirts,  workclothlng, bed linen,  tyres, 
coated fabrics,  carpets,  carpet backing 

Scorsasi ngt    - 

Constant    i    rainwear,  ourtains, anoraks 

Acrylics Increasing!    knitted outerwear,  draperies, uphol- 
stery fabrics, blankets,  carpets 

Decreasing!    men's and women's outerwear 

Constant   i    - 

Source!   Enka Qlansstoff. 
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Rubber 

General 

The main points to be noted from the above forecast e3timates are 

the following! 

- The slow-down in the growth rates of world rubber consumption, 

- The increasing stability in the share of world demand between 
natural (NR) and synthetic rubber (SR). 

Since the automotive sector is by far the greatest outlet for rubber 

(tyre and non-tyre products),   the forecast of the demand for rubber has to 

be based on the expected development of oar and car-related industries. 

The recent economic crisis is not the only factor to have changed the 

market for rubber in industrialized countries.    Saturation of the car market, 

the size of cars and development of tyre-building techniques are three main 

other factors. 

It is generally anticipated that the saturation point is probably 

around 35° cars per 1,000 of population;    the United States and Japan are 

most likely to be the first countries affected.    However,   the above figure 

has to be corrected taking into account economic,  (purchase cost and running 

cost of cars)  social and political factors.    Pollution and urban congestion 

also have to be considered. 

Although the growth of the small-oar market in the United States has not 

developed as originally anticipated, there is a world-wide trend towards 

smaller and less powerful cars, particularly in the high potential growth 

areas of the centrally planned and developinc countries.    Thus, the average 

tyre size and the weight of rubber tyres will drop.    In addition,  smaller 

cars require smaller mechanical rubber components,   such as belting and hose. 

The most important development in tyre-building techniques in recent 

years has been the introduction of the radial tyre.    Consumer pressure for 

higher mileage or longer life has brought changes from the bias tyre to the 

radial tyre (average mileage is about twice that of the former).    In the 

long term,  it will have an adverse effect on total consumption. 

In addition, there is a trend towards increased UBS of retread tyres, 

based on the availability of quality of radial cases,   which in turn will 

affect rubber consumption. 
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The radial  tyre has been in use  in Wetscrn Europe much longer than 

in north America.    Consequently,   the   full  effect has yet to be  felt  there: 

slowdown in  the development of  demand  for rubber,  relative increase ir. the 

consumption  of natural  rubber. 

Accordi-.-£ to International Synthetic Rubber,  the future development  of 

tyre production is likely to be concentrated on tyre engineering.    The 

following points have to be considered: 

- The trend towards low profile tyres with the use of more rubber 
in the tread and less in the side walls, to give a bigger foot- 
print and longer life. 

- Monoply    construction,   requiring less rubber an J giving a smaller 
and lighter tyre. 

- On a lon;--term basis, an everlasting tyre eliminating the spare 
wheel. 

- And possibly,  cast liquid rubber tyres (or even urethane moulded 
tyre)   particularly for  snail   cars. 

However,   it is unlikely that any significant change will arise commer- 

cially before the beginning of the eighties. 

The predicted slow growth rate  in industrialized countries could be,   tc 

some extent,   compensated for by the increasing use of non-tyre products. 

This will be linked with increasing needs,  in the field of safety,  weight, 

comfort and noise control,  resulting in a demand for materials containing 

rubber. 

Competition between synthetic and natural rubber 

A3 has been seen,   the major outlet for rubber is the manufacture  of 

tyre and tyre-proHucts (about 60 per  cent of the total in ma:.y industrialized 

countries).    The share of tyres in the rubber market has varied over the past 

years (e.g.  decreasing in the United Kingdom and the Federal Republic  of 

Germany?    increasing in Prance and Japan;    stable in the United States and 

Brazil). 

Referring to the situation observed ten years ago,  penetration of syn- 

thetic materials into the tyre market has varied too.    As a general rule, 

a deeper penetration of synthetics has been observed,   although more moderate 

than that observed a few years ago.    The deepest penetration is now observed 

in the United States, Brazil and,  to a lesser extent, in Japan. 

-> 
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In some cases,   such as the Federal Republic  of Germany,   there was even 

a set-back for synthetics in tyre manufacture,   in percentage  terms.     This 

generally moderate penetration by synthetics reflects the recently improved 

competitiveness  of natural rubber and the development  of radial tyre produc- 

tion in some countries  (since such a product requires relatively more natural 
rubber). 

A point to be kept in mind is the limited potential for switchi.¡?, from 

synthetic rubber to natural rubber:    the capability  of switching is probably 

only in the order of 5 per cent (international Synthetic Rubber).    In the 

tyre industry even a minor change requires modifications of plant and tyre- 

making equipment;    a period of six months is required to adopt even a modest 
change. 

Penetration of synthetic material in non-tyre production is,  as a 

general rule,  significantly deeper than for tyre production.    Rates of pene- 

tration even exceed the level of 80 per cent in the United States and in 

Brazil;    it is currently in the range of 75 per cent of the total in many 

industrialized countries.    By contrast with the evolution observed for tyre 

production, percentages in this sector have kept growing over the last past 
years. 

Taking into account  the anticipated limited development of synthetics 

for radial tyre manufacture and,  in addition,  the currently high rate of 

penetration by synthetics into non-tyre production,   the expansion of the 

synthetic rubber market will, in most cases, be more moderate than it has 

been up to the most recent past. 

Furthermore,  as indicated above, natural rubber is going to be able to 

resist better the challenge of synthetic rubber.    The following technical 

innovations are increasingly applied in major producing areas (international 
Synthetic Rubber): 

- Increased yields (fertilizers and Ethrel providing lower 
production cost). 

- Production savings (improved latex collection techniques). 

- Maximization of plantation potential (simultaneous production 
of other crops). 

- Reduction of handling costs. 

- Standardization of grades. 

- Improved quality and new grades. 



- 254 - 

Of course,   the potential development  of the demand for natural  rubber 

is relatively much higher in some countries,   especially developing coun- 

tries,  where the percentage consumption of  synthetic rubber is still at a 

low level  (China 26 per cent,  India 20 per cent). 

Trends in      mand for the major synthetic rubbers;    SBR and polybutadiene 

SBR is the leading synthetic rubber.    By virtue of its  low price (as 

compared with that of natural rubber),  general versatility and rubber tech- 

nologistt.'   long standing experience,  SBR has maintained its position in the 

tyre market and most non-tyre markets,   essentially moulded goods,  conveyor 

belting,   carpet backing and footwear.    However,  in the latter market,  it is 

under pressure from other materiale mich as PVC, polyurethanes and newer 

elastomers (e.g.  EPDtl). 

In the United States market,  SBR now accounts for 56 Per  cent of the 

synthetic rubber used for tyre manufacture,   a percentage significantly lower 

than that  observed ten years ago.    As for non-tyre products,   SBR accounts for 

50 per cent of the synthetic rubber U3ed for these applications (as against 

59 per cent ten years ago). 

The breakdown of SBR end-uses in the United States (1976)  is a typical 

one.    There are no large \niations over the other consumer areas: 

Tyres and tyre producto 

Moulded and extruded goods 

Sponge 

Footwear 

Miscellaneous 

Percentage 

68 

13 

4 

3 

12 

SBR will continue to hold the largest share in rubber markets because 

there io nothing on the horizon that could replace.it.   However, the increased 

use of radial tyres which wear longer and the growing popularity of smaller 

automobiles,  which will use smaller tyres,   will continue to cut into sales. 

However,  as prices of natural rubber (and the natural rubber substitute 

polyisoprene) rise, more SBR could be used in radial tyre manufacture. 
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As  for anali  traditional markets  sue}   ae battery cases and underlays, 

these  have been eroded \y competing materials,  polypropylene and polyurethar.e. 

Polybuta iene  finds its najor outlets in the tyre industry,  most  of the 

remainder being used as the impact improver for high impact polystyrene, 

"inor amounts are used in spon,';e-rubber carpet underlay and in mechanical 

goods  such as belting. 

The breakdown of polybutadiene  end-uses in the Unite1 States market 

is as follows: 

Percentage 

35 

12 

Auto and truci: tyres 

High impact resins 

Others 3 

Polybutadiene is primarily used in the formulation of tread stock to 

increase wear resistance.    In the manufacture of passenger car tyres,   poly- 

butadiene is blended chiefly uith SBh|    in  truck and bus tyre manufacture, 

it is blended mainly witr  natural rubber.     In 1974»   the polybutadiene content 

in the average i.assenger car tyre amounted to one kilogram,   the figure for 

truck a-;d bus tyre being 3-3 kilograms. 

It  is expected that the tyre market will continue to be the dominant use 

for polybutadiene.    Growth in this end-use ha3 basically stabilized and no 

new developments which would significantly increase  domestic consumption of 

polybutadiene are anticipated. 

In the long term,  radial tyres which use less polybutadiene and last 

longer will  cut into growth.    On the  other hand, a trend to  substitute poly- 

butadiene for natural rubber in sidewall  components could give polybutadiene 

demand an unexpected boost. 

Use  of polybutadiene in rubber-modified high-impact polystyrene is 

expected to follow the resin's growth,  and increase its market share. 
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Detergents 

In industrialized countries,  the slow-down in the growth of demand for 

synthetic detergents observed for some years correspond,   to a great extent, 

to a deep penetration of these materials in the  soap-detergent market.    This 

penetration is expected to be achieved in the coming years. 

In addition,  since the beginning of the seventies,   there have been basic 

changes in the behaviour of consumers and this has been significantly restric- 

ting demand such as consumer price resistance under the influence of consumer 

organizations (as observed in the United States)  and saturation of the 

washing-machine market. 

On the other hand,  another factor will contribute to increasing the 

demand for syndetss    this is the elimination of phosphate builders which 

complement the detergent action of surfactants (acting primarily as water 

softeners).    Phosphate builders make up a large part (traditionally about 30 

per cent)  of formulations, but their use has been questioned since the early 

seventies because of the rlgae growth problems which the high nutrient value 

phosphate causas in waste water streams. 

Phosphate builders have already been banned in some states in the United 

States,  resulting in an increasing need for surfactants.    Europeans have taken 

longer to consider the problem.    However,   the Federal Republic of Germany íB 

already limiting phosphate contents and will enforce their replacement when 

alternatives are available.    In some other European countries, the alternative 

approach has been taken;    most municipal  sewage plants are equipped to pre- 

cipitate phosphate from all sources. 

Even when taking into account this phosphate problem,  the demand for 

Syndets is not expected to grow by more than 1 to 2 per oent per annum in 

industrialized countries,  considering the saturation of the market and the 

high level of consumption (26.3 kilograms per capita in the United States, 

16.9 kilograms in Western Europe in 1974) •—'    The expected growth for alkyl 

benzene sulphonate-based detergents will be even lower - below 1.0 per oent 

per annum - reflecting the more favourable growth expected for other types of 

detergents. 

With their far higher rates of growth, the same remarks apply to the 

developing countries. 

___3- 
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Appmdix I 

uxrom AMP mitin 

The main  task of this chapter is to estimate manpower 
training needs,   educational and training capacities in 
developing countries,  identify the main difficulties and 
problems in the  manpower development and  training fields 
and propose policy suggestions.      Another  objective  is to 
estimate  job generation opportunities  in other industries 
owing  to the  petrochemical development.       The main 
information sources used for  the calculations are  the 
manpower estimations for 1930 and 1935 by   region and by 
occupation,   the   total number of labour force  expected 
in petrochemicals by the year  ^000 calculated from three 
sources - UNIDO,  Leontief and  Cavendish -   relationships 
between investment and manpower in petrochemicals,  number 
of coefficients,   rates and other statistical materials 
obtained as a   result of a number of case  studies that 
were undertaken. 

In our approach we proceed from the  an sumption that 
the  further development of the  petrochemical  industry in 
developing countries will ]ead not only  to   increasing 
production output and capacities but  to decreasing the 
technological   .^ap and other differences in   the manpower 
structure bet.veen developed and developing  countries. 
This is a reasonable assumption because petrochemical 
industries have   the characteristic of being highly capital- 
and  science-intensive and highly automated.       Even now 
there  is too much in common  in the petrochemical industry 
of the developed and developing countries  comparing it 
to other types  of manufacturing industries. 
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I.       ESTIMATION OF THE MANP0'.V3n QUANTITY  AND STRUCTURE 
BY OCCUPATIOW AND R5flI0N 

Based on the  investment pattern for the periods under 
consideration and on the  rather strong correlations between 
investment and manpower  ,  we have been able to estimate 
active manpower employed in the industry  for 1976.      This 
amounted to 32,000 persons for all developing countries. 

The data and information about the  manpower structure 
by region for the period 1930-1935 and also the assumption 
that there will not be any sharp fluctuations in manpower 
patterns in    the petrochemical industry  in the long-run 
(petrochemicals is a high skill-intensive industry and a 
long time  is needed to prepare adequate manpower), enabled 
us  to make a projection of manpower structure by region 
(Table No.  1). 

Using data from Table No. 1 we calculated the manpower 
for different regions until 2000 under the three different 
scenarios  (UNIDO,  Cavendish and Leontief).      Results of 
these calculations are shown in Table No.   2. 

If we take the present employment as 100, the indices 
of manpower expected in the regional breakdown are as 
shown in Table No.  3. 

The above table shows that the highest manpower growth 
rates are expected in the African countries which are 
only now starting to develop their petrochemical industry 
and the lesser manpower growth rates are  in the EaBtem 
Asian countries. 

Much stronger than correlations between output and 
manpower. 
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The  Latin American region,having an already 

comparatively highly developed petrochemical  industry, 

expects to have  approximately the same growth rates as 

in all developing countries. 

These  data give preliminary  indications about  the 

intensity of manpower training and development problems 

which could appear in different regions during this 
period. 

"ore  valuable information about  the real manpower 

development problems expected could be  derived from 

analysing the manpower requirements by  occupation.       These 

estimations rere   derived from studying the  standard man- 

power structure  of the  petrochemical  industry in developed 

countries and also a number of developing ones.      The 

results of the calculations by region are shown in 
Tables Nos.   4-3. 

Data obtained could be used as starting material 

for calculating real manpower training needs by region 

and by occupation and later on to define educational 

and training facilities required to maintain the required 
manpower level. 

II.     SSTIMATIKS  THE MANPCT.ÏER EDUCATION AND TRAINING NS5DS 

Methodology 

Manpower education and training needs are a function 
of» 

-    increased employment level,/\ E E2- 
where E,  and E? are employment levels for two 
different years; 

replacement of those retiring,  going abroad, 

moving to other industries, etc., or leaving petro- 

chemicals Tor different reasons (turnover - X , 

as proportion of people who are leaving to the 

total manpower,  in percentage); 

a gap between existing and standard job requirements 

for the skill and educational levels of manpower. 

This gap could*be expressed through a. quantity of 

s> 
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manpower requiring periodical retraining, nay 
every five  or more years.       This number could  be 
expressed as a certain proportion of all 
manpower in percentages   (ê). 

Then, manpower training needs for a certain period 
can be expressed as follows: 

M -   (E2 - E,)   +T1>2  + $lt?  =As1|2 •T1,2 + $lf2 

These calculations  could be made  for all main occupational 
categories of manpower and regions. 

The value of V and $ has been defined through a 
number of case studies, and by studying the manpower 
statistics both in developed and  developing countries. 

1.       Evaluation of the managers'   and engineers'   educational 
and training needs 

These  calculations have been made using the assumption 
that all engineers and managers have to have a university 
education degree either in chemicals, engineering or 
other related industry specialities. 

Results of the calculations of the total number of 
managers and engineers in petrochemicals related to the 
technical personnel by region are presented in Table No.9. 

Quantitative evaluation of  the turnover^ (about 
10 per cent for engineers and managers in developing 
countries)  and já (about 20 per cent, because every 
manager and engineer should go through refresher training 
courses at least once every five years) are shown in 
Tables Nos.  10 and 11. 

There are some others leas influential factors 
which have not been taken into consideration here because 
of a too long period of forecasting. 
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The increase of managers and engineers during each 

period (^ - E2 = ¿\%i p)   is shown in Table No. 12 and 

the total calculations of managers' and engineers' 

educational and training needs for the technical personnel 

(/^E + f + £j) are presented in Table No. 13. 

However, these data reflect education and training 

needs for technical personnel only. 

Taking into consideration thrt both administrative 

and marketing staff are about 4 per cent (2 per cent + 

2 per cent) of the total manpower, and all the above-mentioned 

assumptions v/ould be the same for administrative and 

marke ting managers, we can calculate educational and 

training needs for the administrative and marketing 

management.   The total results of the calculations for 

managers' and engineers' educational and training needs 

for three main categories of personnel (technical, 

administrative and marketing) are shown in Table No. 14. 

These data enable us later on to evaluate educational 

and training capacities which have to be developed to 

satisfy petrochemical industry's needs in these categories 

of manpower during the forecasting period. 

?•  Evaluation of foremen and technicians' educational 

and training needs 

Using the same methodology as for the evaluation 

of educational and training needs for managers and 

engineers, we have obtained the following data, Table No.15. 

3. Evaluation of adr.inistrative and marketing 

®!u.£%,y:0J2£ii 'l1?^  training needs__for the 
non-managerial J?ej*sonneJL_ (clerks) 

To calculate educational and training needs for this 
category of manpower, we used the above-mentioned methods 
and drew from them that the turnover of manpower is about 
5 per cent, and that the proportion of the manpower which 
is going to be retrained yearly is about 10 per cent for 
this category of manpower. 

The results of the calculations are shown in Table No.16. 

. i 
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4.       Evaluation of skilled workmen's  vocational 

training needs 

In this case, using the results of the  case studies 

we  takef = n p< r cent and £ = 10 per cent of  this category 

of manpower. 

Results of the calculations are  presented in 

Table No.  17. 

III.   JWALUITIPIL_ÇF_TJUL INSTITUTIONAL  EDUCATIONAL AND 

The  above forecast  of the   future  educational and 

training needs enables us to calculate total   training 

capacities required to  prepare   the present and future 

labour force which is expected  to be  encaged  in the 

petrochemical  industry  yearly during  the forecast period. 

Before doing this,   we would like  to describe a number 

of assumptions and limitations which have been used in 

our models  (see fig.  No.l). 

It goes without saying thpt first of all we should 

split our task into the  following three main dimensions; 

- to make a distinction between formal educational 

and training capacities; 

- to make a distinction between manpower 

hierarchical levels; 

- to make distinctions between technical and 

other (administrative and marketing) manpower and, 

inside the technical category,  between chemical 

and non-chemical   specialists  (mechanics, 

electricians and  other maintenance staff). 

-•*- 
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Hierarchical Structure 

Administrative 
and market i r.z 
personnel 

Taclùùc&l 

Managers and 
engineers 

Foremen and 
technicians 

Education 
"System 

University 
(higher) 
education 

Secondary 
technical 
(college) 
education 

Vocational 
training 
and primary 
general 
education 

Training 
'gyaTEem 

Management 
and high 
technical 
training 
courses 

Vocational 
training 
courses 
and schools 

Fig.  No. 1 :    Relationships model between a hierarchical 
Btructure,   the educational and training 
système 

Among other assumptions and limitations the following 
could be noted: 

- All managers and engineers have a university degree. 
This is already the case for petrochemical companies 
in many developing countries; 

- All graduate intake goes through special short-term 
initial training courses in order to adjust 
theoretical knowledge  to  the practical needs of 
the particular company; 

- Approximately ?0 per cent of all engineers, 
managers,  foremen and technicians go through 
skills improvement (refresher)  courses once every 
five years.      For skilled workers this figure 
could be about 10 per cent. 
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- It  is now a fact  that  the proportion of university 
and   college graduates   in petrochemical companies 
in developing countries is between 3-13 per cent 
of   total  manpower.       The same  proportion 
(7-13  per cent)   is  found in managerial,  engineers, 
foremen  and technicians staff  in  the  total 
manpower. 

This  means   that up  till now there has been a very 
little gap  in selected developing countries between 
requirements for university and college  graduates and 
their supply by   the existing educational system. 
Compared with   the enormous  growth rate   of graduate 
specialists which most developing countries expect up 
until the year   ~OC0,  this little gap could be easily 
ignored without noticeable   influence  on future educational 
and training capacities  needs and policy trends in  these 
fields.       For example,   in certain developing countries 
there are  plenty of unemployed chemical  engineers,   some 
of whom go  abroad to the Middle East and even to developed 
countries   to work as petrochemical and chemical engineers. 

However,   thera is an essential  structural disproportion 
between graduate supply  and  demand because of the lack of 
specialisation  in chemical and mechanical engineering 
subjects.       The   typical   graduate has a   theoretical and 
practical  background that   is   too general  to be suitable for 
the   specific   requirements  of  the petrochemical industry. 
Results of  case   studies  and other statistical material 
enable us  to    conclude  that  there are  not more than 
TO-3C per cent  of chemical  departments  at the university 
level which offer specialised courses  in petrochemicals. 

Another shortcoming of the educational  system is 
that there  is  too high a proportion of graduates whose 
education has no relation either to the chemical or  to 
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the engineering and maintenance fields of activity. 
For example,   among all  the university graduates of the 
PERTAMINA  (Indonesia),  only about   30 per cent are chemical 
and maintenance engineers.       In PETKII.I  (Turkey)   this 
figure   is about ?0 per cent. 

The next educational problem which has to be taken 
into consideration in the  evaluation process is the 
relatively low level  in many cases of the university and 
college graduates,  both from the  theoretical point of 
view and,  even more,   the practical  capability  to use  the 
knowledge gained.       One of the results of these  shortcomings 
is that the level of performance of managers,  engineers, 
foremen and  technicians is well below the desired level. 

An opinion survey of many local and western specialists 
indicates that   a    gap between actual and desired 
performance exists for all levels of manpower including 
top managerial staff. 

1. Evaluation of the educational and training 
capacities required to prepare engineers and 
managers 

Using the above assumptions and educational and 
training needs obtained for all categories of manpower, 
we can calculate yearly educational and  training needs 
for engineers and managers of technical personnel 
(AE +f + ^)»      The  results are  shown in Table No. 13. 
Of this quantity,  the university degree  should fill 
only a part which is  equal  to  (AE +T).       The number of 
personnel in this category who should   have a university 
educational level are  shown in Table No.19. 

As a matter of fact,  not all  these  specialists 
required education and training in chemicals or chemical 
processing.       Other engineers and managers, who specialised 
in mechanics, electrical and other maintenance fields, 
have to be prepared in other technological departments. 

-_a. 
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The  established proportion of chemical  to  non-chemical 
graduates  i3 60  :   40.       This rate  enables us  to  split 
the above-mentioned fibres in Table No.   19  into two 
section« - chemical and non-chemical graduates   required. 

Since non-chemical mechanical  graduates could be 
educated  in many kinds of  technological universities,  we 
will limit ourselves to considering only the  educational 
capacities for preparing  chemical  specialists,   which  is 
going to  be  the main constraint  in  the future  development 
of the petrochemical industry. 

The  number of technical personnel with chemical 
university education required to   join petrochemical 
companies yearly  is shown  in Table  Ho.PO, and   the number 
of non-chemical   (mechanical, electrical and other 
engineers)  personnel is  shown in Table No.PI.       These 
figures are well below university  capacities.       Experience 
shows that in many developing and  developed countries 
only less than 50 per cent of all  graduate chemical 
engineers go to  the petrochemical  industry after leaving 
university.       Many of them go abroad;     join non-petrochemical 
industries;    or completely change  specialisation by 
working in other fields.       This  is why university capacities 
for chemical graduates should be   twice as much as the 
actual requirement.      This  is shown in Table No.?2. 

After evaluating the  university capacities,  it is 
important to evaluate the  required training capacity of 
the petrochemical  industry.      Existing practice  shows 
that almost 30 per cent of the new intake of engineers 
go thro igh retraining courses since  they have  to become 
adjusted  to real-life problems of petrochemical production 
and even to improve their  theoretical knowledge. 

It is not a difficult problem to supply  the petro- 
chemical  industry with non-chemical  specialists,  since 
the proportion of manpower in petrochemicals  is less  than 
2 per cent and sometimes less than 1 per cent of the  total 
manufacturing sector of many developing countries. 
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Ideally this practice should also cover managerial 
training,   because at present there  is no special  institutional 
training facility  intended to train and retrain managers 
for petrochemicals.      At the same  time,  almost all 
managers in the  technical  divisions are  promoted  from 
among the chemical and mechanical engineers. This  is 
why  it  is reasonable to consider separately the   training 
capacities which are intended for engineers and  for 
managers. 

Apart from that about 30 per cent of the new yearly 
intake of engineers should go through special training 
systems  (both on-job and off-job training), and  20 per cent 
of engineers already working should go  through refresher 
courses  (again,  onje every  five years). 

The proportion of managers to engineers among 
graduates in the petrochemical industry is 40 :   60. 
As we are  going to consider management  training capacities 
separately, we should take  into account in the calculation 
of the training facilities for engineers that only 
60 per cent of all university graduates actually work as 
functional engineers.       In other words,  the total  training 
capacities required to train and retrain engineering 
staff have  to be counted as follows:   0.3 X (intake)   + 
0.2 X 0.6 X (No.   of working graduate engineers). 
The result    of the calculation is presented in table No.^2. 

?•       Evaluation of the managerial training capacities 

V/e have already defined managerial educational needs 
(and capacities)  assuming that both engineers and managers 
must have a university degree.      Taking into consideration 
that there are no educational facilities to prepare 
managers for petrochemicals,  it is understandable  that 
there must be some kind of special management training 
courses for those who are promoted to managerial positions. 

In PSTKILI (Turkey), for example,  there is only one 
manager who has a business administration univeroity degree. 

^.m. 
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ï/e  already know about engineers'  and managers' 
traininr needs,   educational  capacities,   rates of X and 
H for this category of manpower,  and proportions of 
engineers to managers   (60 :   40)  among graduates. 

It  is also  clear that  those who  join managerial 
ranks  for the  first  time should  go  through initial 
management training courses   (As +f),  and about  -?0 per cent 
of working managers  should go  to refresher courses 

yearly  (p. 

Results of calculations  of the management training 
capacities required,  broken down as  initial and refresher 
training,  are  shown in Table No.?4.       These figures 
will  enable  the authorities  responsible  for manpower 
planning and development to  have very important basic 
data for planning engineers'   and managerial educational 
and   training facilities, using the standard requirements 
of educational level and skill, number of months/years 
required to give people certain kinds of knowledge and 
experience,  to evaluate number of trainers,  training 
equipment and other facilities. 

3. Identifying the educ^ti^na^and_trainin_2 capacities 
for administrative ^nc^marketinç Jî^naj-erial joej^nnel 

Evaluation of the  educational and training capacities 
of the managerial staff for administrative and marketing 
personnel has been done using the same assumptions and 
methodology as for technical  personnel.       All these 
managers also require university degrees  so that 
educational capacities must be  equal  to &Z +T«.       The 
only difference  is that there  is no assumption here that 
there must be  overproduction of graduates  in    these 
specialities,  as for chemical  engineers,  because 
administrative and marketing personnel normally obtain 
their university degree in    the general higher educational 
system,  and there is no particular need for them to 
specialise in petrochemicals during their studies.      So, 
the requirement for these specialists is  the same as 
educational capacities.«      The results of calculations 
are preuented in Table No.?!}. 
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To  identify   training capacities,  we again assume 
that all   intake   should  go through short-term  initiul 
training  courses  and,   in addition,  every manager should 
have  refresher courses at least once  every five years. 
The   results of calculations are  shown in Table Ho.fG. 

4*       .ÇY^lH^liÇJl JLL.th.?. A4u£^i°_na:i^and tr'liQ.iilS 
?¿ES^tÍ£§_t<^'l.:f,.0Xe.IH!l_S:rll jtechni e ians 

Consideration of educational needs for foremen and 
technicians has  been based on   the following assumptions: 

- all foremen and  technicians should have college 
or any other secondary   technical education; 

- the  proportion of foremen to  technicians is 
40  :  60; 

- the  proportion of chemical to other specialists 
inside this category jf  manpower is 60  :  40. 

In this case,  educational   capacities have to be 
equal to^E + "C and training capacities are as follows* 

initial training -       ^2 +f 
refresher training -    0.2 E 

assuming that everyone from this category should go 
through refresher courses at least once every five years. 

The  results  of calculations of the annual educational 
(college)   capacities to prepare  technicians and foremen 
in  the required quantity   (see   Table No.13) are shown  in 
Table "o.?!. 

Another part of graduates   of this educational   level 
have   to be  chemical specialists.       In reality  only  about 
Í0 per cent of all college chemical graduates  ¿oin  the 
petrochemical industry.       So,   the actual educational 
college capacities should be  twice as :.iuch as   the quantity 
of  graduates expected to  join petrochemicals. 
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The results of  the calculations are presented in 
Table  No.   ?3. 

Capacities of   the training facilities to ensure  the 
training of foremen  and  technicians are  shown in 
Table No.  ,?9. 

\ 

5.       u£^l!i^i°![L0.Ç_t^£_.^4.9.^ti°^Ell_a!ll_'trainiri2 
capacities for ski lied _work ers 

Using data on   total skilled workers needs,  annual 
vocational  training  capacities have been calculated, 
assuming that every   skilled worker should go through a 
special vocational   training school  or course. 

The results are  presented in Table No.30. 

This is  the  total of vocational training capacities 
necessary to train all skilled workmen intake,  plus 
periodical retraining of 10 per cent of workmen yearly. 

Total capacities of the vocational training schools 
specialising in the preparation of skilled workers for 
petrochemicals have  to be approximately 20 per cent more 
than the yearly intake (<^E +t)  1.3 

The results of the calculations are shown in 
Table No.31. 

The next tRsk is to break down these vocational 
training capacities  into two parts:    the first, which 
trains chemical processing workers;    and the second, 
which prepares the number of maintenance specialists 
(mechanics, electricians, welders,  etc). 

Usually the ratio of these two groups of workers 
is 70 »  30. 

The results of  the calculations are presented in 
Table No.3?. 
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6.       Eummury_of_results 

In order to present educational and   training 

facilities both by region, and  by level,   and enable all 

those   interested to be able   to use  the results more 

easily,   all calculations and   tables have  been 

re-organised  to give an integra Led picture  of educational 

and  training facilities  required  to  fulfil  petrochemical 

industry development projections  in developing countries 
(see Tables Nos.  33-39). 

IV*     ?-Hi;_MA_IK  DIFFICULTIES AND PHOBIAS 

The main problem in achieving the  targets of the 

rapid  expansion of petrochemicals  in developing countries 

is,  and will be, the shortage  of skilled manpower. 

Initially,  there are essential  structure  disproportions 

between graduates supply-and-demand due  to lack of 

sufficient specialisation of  chemical and mechanical 

engineers, as well as graduates of secondary schools 

and vocational    educational  institutes.       These 

dieproportions have resulted  in a shortage of technicians, 

craftsmen,  electronic and mechanical engineers,  supervisors 

and middle-managers, and all kinds of skilled manpower 
dealing with LNG processes. 

At  the same time,  in almost all developing countries 

there  is an essential overstaffing which could be evaluated 

between 130 and 130 per cent of the  personnel really 

needed  to operate various petrochemical plants.      Usually 

this  extra manpower is concentrated among the administrative 

and managerial staff,  creating a number of unnecessary 

barriers  to effective management.       It is estimated that 

in one   private middle-size  petrochemical company roughly 

40 per cent of all managerial  staff are  the real 
decision-makers. 

„ > 
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Though there in some ucu.rci.tj'  of skilled chemical 
en^ineerc.-»,   the majority of developing countries involved 
in the   petrochemical  industry  already have  enough 
chemistry  graduates to meet  the countries'   needs  in 
quantitative  terms.      However,   the  specialisation, 
composition and the quality of  these   graduates are  far 
from meeting the industry's demands.       Many of the  chemical 
engineers huve no specialisation in  petrochemicals, 
their  theoretical backgrund is  too  general,  and  they 
have no  or little practical experience and understanding 
of the  type of industrial problems  that they will  face. 

It  is,  therefore,  a common practice to put university 
graduates  into positions of technicians or to retrain 
them for 6-12 months before they can work as chemical 
engineers. 

One  of the problems of the petrochemical industry 
in developing countries is a low managerial level and 
experience.      It Ì3 a very difficult  task to find a 
broad-minded manager who is at the same time a gcod 
technical  specialist.       This  is particularly acute  for 
middle-manaretient positions in the  industry.      One  of the 
weaknesses of the managers is the lack of general 
management knowledge,  talent and capabilities. 

Supervisors have a quite different problem -  they 
are usually proioted from the workers'  ranks,  they  are 
probably more able to  identify with workers'  problems, 
but they  usually lack a systematic   training that enables 
them to  exercise their supervisory  functions.      Similarly 
they face  difficulties  in dealing with the complex 
equipment  involved.      There  is a marked need for training 
in such managerial skills as planning and communications, 
apart from technical training. 
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Another problem is   that  there is still   too hifh a 
proportion of graduates from the universities and colleges 
whose  education has no relation either to chemical, 
petrochemical or maintenance  fields of activities and 
who  are employed  in the  petrochemical industry. 

This  leads to a situation where the petrochemical 
industry  in developing countries usually retrains 
various kinds of specialists who joined the   industry and 
who have  received their training or education outside 
of the industry. 

Four sources of industrial  skills may be distinguished: 

- general education; 
- academic institutions for specific vocational 

training at. secondary and tertiary levels, 
such as technical schools, colleges and 
universities; 

- on-the-job training; 
- training abroad  (or using expatriate 

personnel as trainers). 

There must be some kind of optimal balance between 
all  these four sources of industrial skills.       Unfortunately, 
the main emphasis in most developing countries has been 
placed on  "on-the-job training" and on "training abroad", 
neglecting the first two. 

There are some reasons which could explain  this 
situation.       First,  the curriculum of engineering and 
technical  colleges is to a large extent patterned after 
that of colleges in hirhly developed countries and thus 
fails  to take into account  the needs of local  industry. 
Amon£  the universities and colleges only few have 
chemical departments and fewer still have petrochemical 
specialisation.      Similarly,   the quality of education in 
certain institutes leaves much to be desired. 
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In addition, very few vocational training schools 

outside the petrochemical industry have chemical training 

curricula.  In many developing countries dealing with 

petrochemicals there are no vocational training schools 

to prepare operatives, craftsmen and technicians and 

all training is usually undertaken at the plant. 

A further observation is that these educational 

institutions and vocational training schools often lack 

laboratory equipment and other facilities required to 

provide practical training. 

Finally, the technological infrastructure and 

environment, which plays a significant role in shaping 

industrial studies in developed countries, is often 

lacking in developing countries.  Office work is often 

accorded a higher status than work in the plant. 

It can, therefore, be seen that the main responsibility 

for training falls on the industry itself through on-the- 

job training methods.  Certainly in-plant training alona 

cannot cope with this huge task due to many reasons. 

First, plant managers usually have little time to devote 

to trainees.  Secondly, the varying nature of the 

petrochemical industry which is composed of big public 

companies producing basic petrochemicals and smaller 

or middle-size private companies dealing with downstream 

products, makes it difficult for the latter to accumulate 

the necessary facilities and other resources needed for 

the training of their personnel, so that there is only 

short-time, in-plant, very narrow and specialised training. 

An urgent problem for the petrochemical industry in 

developing countries is the lack of qualified trainers and 

adequate training programmes, insufficient finance, and 

a climate which favours "academic" study rather than 

vocational and technical training, and university 

professors have little contact with the industry. 
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Developintf countries often receive overseas trainers, 
but the latter possess little knowledge  of local 
conditions  and culture and their effectiveness as trainers 
Ì9 lower than expected. 

Training abroad is used very broadly in developing 
countries.       It is  indeed useful when  there are no 
specialised facilities in a developing country either 
because of poor planning or because  of cost reasons. 
However,  one of the shortcomings of the training abroad 
is not only  the high cost, but the  brain drain of 
trainees, many of them during or after their overseas 
training. 

One of the sources of training in the petrochemical 
industry is package contract with multinational companies. 
However,  sometimes this type of training   fails to take 
into consideration local training conditions, and in some 
oases stressing areas which are not particularly 
preoccupying in the country concerned. 

One of the big problems of the petrochemical industry 
in developing countries is the lack of management 
training facilities.      There are almost no specialised 
management courses connected with the specific problems 
of petrochemicals.      existing management training is 
more oriented to production management and pays little 
attention to the leadership talent,  communications, or 
motivation.      This training is usually given in the form 
of short courses. 

National management development centres give little 
help to petrochemicals to train their managers or trainers. 
Very few manacers from petrochemicals participate in the 
training programmes organised by  these centres.      Much 
could be done to pool the resources of the industry in a 
direoticn that would already create  the needed infra- 
structure of trained manpower at various levels of the 
formal education levels and in co-operation with the 
concerned ministries. 
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V.       JCD G^NE^TIO^ÇJPPOOT^MI^^^ETTOCiraiÇALS 

Closely  related  to the  interaction between petro- 
chemical industries and the   rest of  the economy are the 
employment implications of the  inter-sectoral linkages. 
Because  of  the  wide  upread of  these  linkages over many 
sectors,  substantial   induced  employment can be created 
as a result of the development of  the industry. 

The petrochemicals are  outstanding among other 
industries in the  importance  of    their contribution to 
industrialisation in the developing countries.       For 
example,  the  contribution of petrochemicals by value 
added to total manufacturing now  stands at about 
15 per cent,  and more than half of the petrochemical 
products are used by other sectors. 

There are  two kinds of linkages:    backward and 
for.vard linkages with other industries.       Forward 
linkages of petrochemical industries express the role 
of a sector as an input provider to other manufacturing 
sectors.      It creates an opportunity for other sectors 
to increase their output through a growing supply of 

its input. 

In this way,  the value  added  through further 
processing stases can benefit the   economy and provide 
additional employment and income.       There  is also scope 
for stimulating employment creation through import 
substitutions for inputs required by the petrochemical 
industries,  including capital equipment and engineerins 

services. 

It has been observed,   for example,   that local 
production of food chemicals and additives has greatly 
stimulated the expansion of food processing industries; 
similar experiences can be  quoted from the textile and 
pharmaceutical industries,   stimulated through production 
of synthetic fibres and active ingredients respectively. 
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Another case  is  the rubber industry,  which has 
strong forward linkages with the automobile industry 
and strong backward linkages with the basic petrochemicals 
(carbon black,   synthetic rubber,  intermediates,  etc.)« 
The chlorinecaustic   industry provides  essential inputs 
for a whole range   of  industries,  such as solvents, 
insecticides,  PVC plastics, paper, soap,  textiles,  etc., 
and thereby stimulate  industrial diversification and 
employment generation. 

An increase   in petrochemical output requires a 
certain amount  of extra imputs  (backward linkages) which 
may be produced  domestically. 

In lact some  people believe that  through backward 
linkages,  the  induced employment could be more than 
twice the employment  generated within  the   industry  itself. 
There would be  a  still greater employment generation if 
an increasing share  of domestic  inputs for the petrochemical 
industry could  substitute for imported ones. 

The task of defining the approximate figures of the 
employment generated by the petrochemicals in a great 
number of sectors and for the more  than 70 developing 
countries involved in the production of petrochemicals, 
remains a very  problematic task,  particularly from the 
methodological  point of view and falls outside the scope 
of this study. 

However,  a number of estimates have already been 
made in this field.       Using these quantitative results 
plus our qualitative  analysis of the  trends help ua to 
draw a general  picture which could  be used both for the 
more detailed evaluation in the countries  interested and 
for the evaluation of some of the  planning decisions at 
the national level. 

One such estimation has been computed by the ILO and 
is shown in the   table below. 

"Manpower Aspec,t3 of Establishing Chemical Industries 
in Developing Countries",  ILO, Geneva,  1976, p. 14. 
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Maior_rejceivinq; ^sectors j>f chemical inputs 

Chemi- 
cals 

Agri- 
culture 

Tex- 
tiles 

Other 
comsump. 
floods 

Mining Capital 
goods 

Construc- 
tion 

Trans- 
port Services 

Mexico -.1159 .0343 .0752 .0305 .0179 .0534 . 0217 .0346 .0451 

Egypt .1016 .?435 .0791 .1016 * .0234 .0236 .0037 .0315 

Turkey .1345 .1217 .05 "7 .0159 .0040 .0467 .033? .0796 .0235 

Kenya .0655 .0979 .0306 .0271 .0045 . 0271 .0364 .0676 .0623 
Stpftlio 

of Eorea .0723 .0140 .0024 .0609 .0132 .0364 .0217 .0549 .0739 

Argen- 
tina 

.1472 .0203 .0444 .0572 . 0027 .0662 .0119 .0494 .0232 

\ 

-,           X ch. j 
The ratio is   where 

X ch. j is the amount of chemical input going 
into production sector j 

Xj is the output of sector j 

• - negligible 

Though this data is related only to the chemical 

industry, because of the high proportion of petrochemicals 

in the chemical induetry in developing countries these 

figures give a good indication of the trends and scales 

of linkages. 

One of the conclusions that could be made from this 

table is that the development of the chemical industry is 

not so much related to the strong expansion of one or a 

few sectors, but rather to the general growth of all 

sectors of the economy. 

The sectors that benefit most from the indirect 

generation of employment by the petrochemical industry are 

agriculture, services, textiles, plastics, and ot ier 

consumer goods industries, transport, commerce, and some 

of the mechanical industries (car. electronics, etc.) 
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Since  these  activities are in several  cases 
labour-intensive  in nature, an increase  in the  supply of 
chemicals can be  a  strong incentive for growth of these 
sectors and  thus  for generation of  jobs. 

In the  case  of agriculture, which  is  one of the 
major receivers of  the  petrochemical products  in the 
forms of fertilisers and pesticides,   these tend to lead to 
a more land-intensive  type of cultivation,   and make more 
land arable  through enrichment.      By extending the area 
under cultivation more  jobs can become  available and a 
higher yield obtained. 

One of the new areas that ìB developing rapidly as 
a result of the fast chemical and petrochemical inluBtry 
development,   is  the  industry dealing with  environmental 
protection.       This has provided a stimulus for new emyloyment 
opportunities. •- 

Among activities falling in this area are the 
production of advanced instrumentation for monitoring of 
pollution and equipment,  chemicals and  catalysts for sewage 
treatment,  solid waste disposal and combustion gas purification, 
recycling equipment,  antifire means and  the  training of 
personnel  involved  in all these activities. 

The manpower requirements for environmental protection 
are expected to  increase sharply.      Many petrochemical 
enterprises have already set up environmental units,   staffed 
by qualified specialists, and training facilities are 
expanding to meet these needs. 

The  enforcement of environmental legislation also 
requires greatly expanded manpower in public agencies 
charged with this task. 
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It has been estimated that the potential manpower 
demand for environmental protection can account for 
approximately 9 per cent of the labour force in the chemical 
industries.       The additional employment gained from 
anti-pollution products and services could amount to 
2-6 per cent of the current labour force in the chemical 
industry. 

Taking into account reduction of employment in the 
sectors affected by the diversion of capital from production 
to environmental protection (about 7-3 per cent), the net 
over-all gain ìB about 4-7 par cent of current employment 
in chemical industries. 

Until now we have reviewed the positive effects of 
petrochemicals development on jobs generation in other 
sectors.       However, not all the effects go in the direction 
of employment growth.      For example, development of 
synthetic fibre production competes with labour-intensive 
jute production in some developing countries whose exports 
revenue is heavily dependent on jute.      This competition 
could decrease employment in this segment of the agriculture 
sector.       The same could be said about substitution of the 
natural resin by synthetic ones.      It is known, also, that 
the manufacturing of goods from plastics for the construction, 
electronics, and electrical industries is less labour 
intensive than from the metal substitutes. 

Employment prospects may also be harmed by the 
increased risk connected with environmental constraints. 
Compliance with environmental.legislation is necessary 
but some tima s can be a lengthy and often costly process, 
delaying new ventures or inhibiting growth. 

Sa« "Manpower Aspects of Establishing Chemical 
Industries in Developing Countries", ILO, Geneva, 1976, 
p. 67. 
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It is perhaps important that the governments aiming 

at expanding the petrochemical industry should be fully 

aware of both the positive and negative implications in 

the field of job generation and induced employment. 

However, taking into consideration positive and 

negative effects in job generation in developing countries 

as a whole, it must be stressed that the net employment 

creation effect of the petrochemical development is a 
positive one. 

For example, Philippines' manpower specialists 

consider that in their country one new job in petrochemicals 

could create 5-6 jobs in other industries.  In Mexico 

there is even a more optimistic view;  there it is expected 

that thi3 ratio can be as high as 1 to 14.. Most of the 

specialists buth in developing and developed countries 

believe that on the average this ratio for the conditions 

in the developing countries could be 1 to 7. This is 

perhaps a more realistic estimation, and could be used to 

estimate the jobs to be generated by the developmnt of 

petrochemicals until the year 2000. 

The results of the calculations are presented in 
the table below. 

An Approximate Estimation of 
Jobs Generation in Other Industries 

New jobs in 
petro- 
chemicals 

New jobs 
expected to 
be generated 
in other 
industries 
owing to 
development 
of petro- 
chemicals 

1976-1930 

54,000 

?73,000 

1930-1935 

149,?30 

1,044,610 

1935-2000 

UNIDO   I Leontief 
Scenario Scenario 

1,155,100 

Cavendish 
Scenario 

675,100 

¡,035,700 4,725,700 

325,100 

2,275,700 



The data about new joba expected to be  created in 
other industries should be considered only as approximate, 
yet it is valuable in the sense that it shows  that a 
national policy  putting an emphasis on petrochemicals 
development is  in harmony with other priorities of the 
economic and social development of the developing countries 
as far as employment generation is concerned. 

The  following abstract from the Conclusions  (No.53) 
concerning Manpower Aspects of Establishing Chemical 
Industries in Developing Countries could serve as a good 
guidance  for government policy-making in the  petrochemical 

development: 

"Vhilô some branches of the chemical industries 
are, under given market conditions, relatively capital- 
intensive and will provide only limited employment opportunities 
for a riven capital investment, other branches can generate 
substantial employment.       Du.  consideration should therefore 
be given by development planners in governments and industry 
to selecting chemical products, plant locations and the 
size of production units with a view to optimising employment 

opportunities in chemical production. 

.... In selecting particular products for expansion 
programmes, it is important to bear in mind their backward 
and/or forward linkages with other sectors of the economy, 
with a view to maximising productive employment throughout 

the economy." 

1 Official Bulletin,  ILO, Geneva, Vol.LIX, 1976, 
Stries K, No.3, p.^O. 
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VI.     POLICY SUGGESTIONS 

The main policies which could be helpful  to meet 
growing requirements of the rapid petrochemical expansion 
in the developing countries on the manpower development 
side are in the following areas of activity: 

(a) manpower planning; 

(b) co-operation and co-ordination of activities 
between the petrochemical industry and the 
educational  system; 

(c) training policy and development of the 
institutional  training; 

(d) co-operation among developing countries in 
the manpower training field; 

(e) assistance of the developed countries in 
the manpower development fields. 

(a)    Manpower planning; 

The importance of manpower planning cannot be over- 
emphasised.      In the first stages of formulating a 
petrochemical expansion proposal, an assessment should 
be made of the manpower requirements and potential 
availability in the country.      This assessment should 
include,  inter alia,   the adequacy of the infrastructure, 
maintenance and repair services, marketing and management. 

This may well determine not only plant location,   the 
design and choice of equipment, but also the manpower 
development programme that will be required.       Such 
decisions will have to be taken at the planning stage,  in 
order to undertake a recruitment and training programme 
geared to the particular capacity and type of operation. 
Careful manpower planning is also essential as part of the 
erection programme in order to ensure that a qualified 
staff is ready by the time the construction is completed. 
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Advanced planning methods, such as P3IÎT and critical 

path planning, can be used for manpower planning, provided 

that training needs and duration can be assessed with 

sufficient accuracy. 

The lines along which developing countries should 

identify their manpower requirements are known.  First of 

all, the parameter of "human resources" should be included 

in the sectoral planning and even licensing procedures for 

the creation of a new petrochemical enterprise. 

Most of the information should be forthcoming from 

feasibility studies of individual plants in every country 

and statistical bodies dealing with* labour force statistics 

and projections in the "particular country.  In the long 

run the number, type and ratios of people employed in 

comparable plants elsewhere can be used as a yardstick 

provided that the occupations are uniformly defined and 

that account is taken of any difference in the level of 

industrialisation. 

The next step is to identify existing manpower 

resources for which the country should undertake: 

- occupational analysis of employees 

- surveys of education and qualifications 

of employees 

- statement of general skills required 

- statement of skills required in key 

petrochemical occupations 

- extent to which related skills in other 

industries can be used 

- extent to which existing primary, secondary 

and higher level education facilities can 

provide the manpower required 

- extent to which vocational training is 

provided by formal courses and on-the-job 

training. 
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The planning  of skills has  to  be performed  in  the 
framework of a certain number of skill categories.       The 
essence of planning  industrial skills concerns,   on the  one 
hand,  engineers and  technicians,   and on the other,   the 
skilled workers.        Because of the  length of the  relevant 
educational curricula,  the planning of  the labour force 
of engineers and  technicians should be within the   framework 
of long-term plans  and that of skilled workers in medium- 
term plans. 

The plan for qualified manpower has to be closely 
integrated into  the  over-all plans for economic and 
production development of the petrochemical sector. 

The planning of the engineers,   scientists and 
technicians training has to be worked out together 
because of the possibilities of substitution and the 
close interconnections among them. 

The planning period is determined by: 

(a) the duration of the educational curricula 
(b) allowing for some years of practice after 

graduation  in order that  the specialists 
may be more fully trained,  and 

(c) the time   (if any) necessary  to establish new 
educational capacities. 

Highly qualified technical manpower thus has  to be 
planned about 10 to 15 years ahead. 

'.Thile the number of engineers and technicians has  tr 
be planned on the  long term, -the  planning of skilled 
worker manpower,  because of the shorter period of 
instruction and training,  can take place in the framework 
of medium-term plans. 

- ^ 
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(b)  Co-operation ind co-ordination of activities 

between the petrochemical industry and the 

One of the main problems of the educational and 

training policy is identifying the right proportions between 

university and college studies, secondary technical 

education, off-job and in-plant training and making 

decisi ns about their proper development.  All these 

educational and training forms should be integrated into 

a united system in order to be used in a more effective 

way.  In reality almost all these forms belong 

organisationally in different governmental bodies such as 

the Ministry of Education, the Ministry of "ndastry, 

the Labour Ministry, Planning, etc., in many cases with 

little co-ordination between them.  There are also few 

links between the skill producing and consuming sectors. 

Instead, the petrochemical industries tend to rely on their 

own resources to solve their training problems.  Training 

is totally separated from education, and whilst it may be 

true that employers are able to train effectively for their 

own shurt-term benefit, it does not follow that such 

training provides the best benefit for the trainees. 

Until the industry, the education and training institutions, 

and the school system co-ordinate their tasks, the industry 

will continue to provide job-oriented training, while 

vocational and training centres will provide candidates for 

such programmes. 

'.Vhere petrochemicals constitute an important sector 

of economic activity it nay be necessary to set up an 

organisation or a council which could co-ordinate the 

activities of the educational and training institutions 

with the industry demand, both from the point of view of 

quantity and specialisation compositions of enrollment and 

quality of education and curricula. 

_2- 
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The general educational system should be reoriented, 
where necessary,  to put greater emphasis on the natural 
sciences,  technology and vocational knov/ledge and skills 
relevant to employment opportunities in petrochemicals. 
Particular attention should be given to  the training of 
maintenance  technicians and qualified chemical operators. 
In other words a shift in the emphasis of the secondary 
vocational training and education should be made to give  it 
a   more basic scientific and practical bias. 

Bringing together industry and education could increase 
possibilities to expand colleges'and universities'  facilities 
and programmes to train and retrain supervisory and 
managerial staff and high technical personnel.      Many of 
the educational institutions could work on a shift system 
to avoid huge expenditures on the facilities expansion. 

Some of the petrochemical industries in developing 
countries have already useful practice dealing with the 
universities and colleges.       They have an agreement to 
put part of  the chemical  students on summer training courses 
in the petrochemical plants together with their university 
professors and enable them to have practical experience and 
to understand better industrial problems.      After 
graduation from the universities these  trainees become a 
useful source of recruitment.      In other cases, petro- 
chemical companies can give small projects to be done by 
th» university professors and students. 

Thus the main task of the co-ordination of the 
activities of the existing educational and training systems 
and industry is to avoid duplication and overlapping 
between them,  strictly clarify their functions, to    improve 
quality and to decrease costs and the time period of education, 
and to avoid the waste of human and financial resources 
nationwide. 

_^ 
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( e )     Trai run g _polic;/ _and  dcvelopmen t_of 
institutional   training 

A very  important  step should be   identifying a  right 
training system and to  institutionalise  training,   choosing 
the  ri-ht mix bet./een on-jcb and  off-job  (formal)   training. 

A particular aspect of training in petrochemicals is 
that  the   on-the-job  trainine for many  occupations  is 
becoming less effective,  norc expensive and sometimos even 
dangerous.       ^ven a small error made by an inexperienced 
trainee  in  the production process  could be disastrous both 
for the plant and  for the environment as well. 

At the  same  time,   on-the-job training in petrochemicals 
Cives limited possibilities for practice  in the maintenance, 
repair raid adjustment of equipment because breakdowns do 
not occur very often and  trainees usually are not permitted 
to   touch equipment which is working properly during the 
production process. 

Thus  only special  educational and training institutions, 
actively using simulation techniques,  and  followed up by 
in-plant  training ani  skill improvement,  offer the best 
means of  training from  the point of view of knowledge, 
experience   in dealing with the equipment and training 
costs. 

Simulators could be used to   train operators  in carrying 
out nearly  all   the  operations of controlling the plant  in 
conditions   resembling reality and  they  can be  given repeated 
practice  in  dealing with abnormal  occurrences which can be 
foreseen -  without risk   to  themselves or to  the plant with 
a  reasonably lifelike feedback from  the  instruments of the 
consequences cf all  their actions -  right or wrong. 

The apparent sophistication of these devices  introduces 
a degree of novelty  into  off-the-job training situations 
which can be useful  in arousing the  interest of the  trainee 
and  free him for any decisions  that need to be made during 
the   training. 
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It would therefore be advantageous if training centrée 
are  equipped with   pilot-plants and simulations  for  training 
purposes.     It is  evident  that for beginners it  is  better to 
start work in."; on  the  real pilot-plant,   but for refresher courses 
the   simulator is   to   be  preferred. 

Such  training centres could be used to train manpower 
not  only  from big but also from  the  small and medium-size 
enterprises, which are  often unable  to  organise   their own 
in-plant  training. 

There  is also  a need for full-time widely  based basic 
training courses  for different skill areas at  training 
centres,   especially  for technicians,   in order  to  reduce the   time 
spent on in-plant   training. 

Programmes for re-enforcing vocational training in 
vocational  schools  and  training centres should   be  set up to 
meet  the  changing needs  of the   industry. 

Generally speaking,   the majority  of the labour force 
should be  already   trained while  the plant is being erected. 

The  setting up  of training facilities and drawing up of 
educational programmes are being carried out on  such a vast 
scale  that many enterprises often find  it more  efficient to 
offer a contract  to  consortia which are able  to  provide the 
whole  gamut of integrated services. 

Cne  of the  important elements of any training policy 
in developing countries  is management development.     Until 
now,   little use has been made of  existing management 
development centres.     The  current practice of training 
managers overseas  could be usefully reassessed  in  terms of 
alternative training forms,  such as establishing specialised 
management institutions and expanding existing management 
training facilities.       Governments and  industry  should combine 
forces  to  increase   financial resources available  for  the 
development of the  needed managerial  infrastructure  for 
the  petrochemical   inîuatry. 
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Substantial technical manpower is required to 

accomplish the various tasks involved in introducing 

computer process control in the petrochemical industry. 

Sometimes the number of computer specialists (including 

managers, system analysts, programmers, process control 

engineers, technicians and computer control operators), 

could reach up to 10-1? pe. cent of all employees of a 

petrochemical plant.  It is for this reason that the 

training of computer specialists for the petrochemical 

industry in developing countries should receive special 

attention. 

Thus, a well co-ordinated manpower training policy can 

help to avoid, or at least reduce to a minimum, a possible 

inbalance resulting between demand ani supply of various 

categories of manpower, waste of resources both human 

and financial, and brain-drain and migration, including 

the shift in work to other areas of economic activity. 

(d) go-Q£erationjimong developing countries in the 

•%IlE°),Ie.íl_tí!sining_f i e 1 d 

There are other problems that deserve closer attention. 

One is regional co-operation.  Countries could save a 

considerable amount of scarce resources by pooling them to 

create common support services for the petrochemical 

industries, such as training institutions, research centres, 

marketing organisations, etc. 

Countries which already have a petroleum industry 

possess an excellent basis for establishing such regional 

co-operation.  Some of the develoT>in> countries fall in 

this category.  The skills acquired can be readily applied 

in other developing countries through regional training 

and research centres and offer advantages over skill 

transfer from developed countries. 
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Cne way of co-operation among developing countries is 

the exchange of personnel for operations as well as the 

exchange of trainers.  A prerequisite for such co-operation 

is the establishment of an inventory of available training 

capabilities and facilities available in the participating 

group of countries. 

Regional and multicountry training centres could 

also promote standardisation of the training programmes 

and even establish standards of skills for each occupation. 

This type of training is often less costly than training 

overseas. 

Finally, by pooling resources, regional training 

centres could afford to have expensive and modern training 

labora í^ory equipment, advanced training programmes for all 

categories of manpower, and the most qualified trainers 

both from the developing and developed countries.  Economy 

of scale of these centres can improve the quantity and 

quality of output and reduce training costs. 

(e)  Assistance of the developed countries in training 

There are three main forms of assistance the 

inJustrialised countries can provide in training.  These 

are: 

- overseas training 

- expatriates activities as trainers in developing 

countries 

- establishing training centres in the developing 

countries by multinationals or contracting foreign 

companies as part of a package contract. 

Although more costly, training abroad i3 sometimes 

preferred, since it can enable a trainee to obtain direct 

working experience in an industry, improve his fluency in 

a second language at first hand, and sometimes equip him 

with a formally recognised rcademic achievement.  Perhaps 

it is for these reasons that overseas training has been 

undertaken on a large scale by developing countries. 
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Nevertheless, there is a growing feeling that training 

could best be given in the developing country itself and 

that training in industrialised countries should be 

reserved for very special cases. 

The advantages of training in a national environment 

are well known.  But national institutions,  at least 

many of them, may not have the necessary expertise and 

facilities for training in various "packages" related to 

petrochemicals.  On the other hand, protracted overseas 

training for nationals from developing countries is often 

unsettling, and can contribute to the brain-drain. 

Therefore, short periods of overseas training with specific 

objectives might prove to be more benaficial, especially 

if they combine theoretical courses with practice.  As 

the quality of local and regional training improves, 

dépendance on overseas training is likely to decrease. 

It is perhaps more effective to invite expatriate 

trainers and specialists for a limited period to conduct 

training courses in developing countries.  The recruitnent 

of expatriates was recognised as being essential while a 

petrochemical industry or a new production is being 

established.   Such training should be geared to the local 
social and cultural environment. 

It has also been accepted that expatriates need to 

be gradually replaced by national personnel.  However, 

owing to rapid technological change, updating of technical 

and managerial skills sometimes could be best dono by 

expatriates coming out for short periods from parent 

enterprises,  or other enterprises acting as a medium of 

transfer of knowledge.  A major government pre-occupation 

is making sure that multinational petrochemical companies 

contribute to the transfer of know-how and training needed 

for various skills and particularly for managerial and highly 
professional positions. 

.—a. 
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The  assistance  of the  educational  institutions of  the 
industrialised  countries and  the  co-operation of engineering 
and construction enterprises aa well as   that of 
process-owners  is also vital  to developing countries  to 
ensure  the  transfer of know-how needed. 

To  summarise,  manpower resources should be developed 

and trained at all levels and for various  functions 
existing in the petrochemical  industry.        For this purpose, 
the general  education system should be  reoriented to pux 
greater emphasis on the natural sciences,   technology and 
vocational skills.       Technician training  should be expanded 
and on-the-job  training be  given direct assistance by  the 
local  industry and by facilitating the  transfer of know-how 
from foreign sources,   in particular from multinational 
petrochemical  companies,  including temporary use of 
expatriate personnel where  required.       The national 
vocational  training schools and university departments 
dealinrr with  petrochemical  training need   to be expanded 
in quantitative and qualitative  terms and  co-ordination 
between industry and educational  systems   improved.       The 
regional co-operation among the developing countries should 
be established and strengthened and  training used with 
discretion and when appropriate. 
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Tabi« i!o. U 

Total managerial and enrineer3 training needa 

1976-ao 
1935-2000 

i^ou-y^ 
I II III 

Latin America 2,850 5,900 33,130 19,530 12,560 
Technical 1,210 2,560 14,220 8,370 5,380 
Administrative 810 1,710 9,480 5,580 3,590 
Marketing 810 1,710 9,480 5,580 3,590 

Africa 558 2,420 17,590 10,710 7,380 
Technical 238 1,040 7,450 4,590 3,160 
Administrative 160 690 4,970 3,060 2,110 
Marketing 160 690 4,970 3,060 2,110 

Aoia 3,576 10,360 46,550 54,850 23,060 
Technical 1,556 4,440 25,090 14,950 '),ÜZ0 
Administrative 1,020 2,960 16,730 9,970 6,590 
Marketing 1,020 2,960 16,730 9,970 6,590 

- Kiddle  Säst 916 2,370 14,420 8,650 5,920 
Technica" 396 1,010 6,180 3,710 2,540 
Administra +. *ve 260 680 4,120 2,370 1,690 
Marko tingr 260 680 4,120 2,370 1,690 

- Eact Ania 1,750 2,730 15,370 8,610 5,200 
Technical 750 1,170 6,590 3,690 ?,?60 
Administrative 500 780 4,390 2,810 1,510 
Marketing 500 780 4,390 2,810 1,510 

- South Ania 910 5,260 28,760 17,630 11,860 
Technical 390 2,260 12,320 7,550 5,060 
Administrative 260 1,500 6,220 4,790 3,390 
Marketing 260 1,500 6,220 4,790 3,390 

TOTAL: 6,964 18,76.0 109,120 65,130 43,000 
Technical 2,984 6,040 46,760 27,910 18,420 
Administrative 1,990 5,360 31,180 16,610 12,290 
Marketing 1,990 5,360 31,160 18,610 12,290 
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Table No. 24 

and refreohm« >nt) Management Training Capacities (initial 

(annually) 

1976-80 1980-85 
1985 - 2000 

UNIDO Leontief Cavendish 
Scenario Scenario Scenario 

Latin America 120 205 380 225 175 
initial 90 155 310 175 140 
refreshment 30 50 70 50 35 

Ifrica 25 85 î200 125 85 
initial 20 70 165 100 70 
refreshment 5 15 35 25 15 

Asia 150 355 670 400 265 
initial 105 270 545 320 205 
refreshment 45 85 125 80 60 

Middle Eaet 40 80 165 100 70 
initial 30 60 135 80 55 
refreshment 10 20 30 20 15 

East Asia 75 95 175 100 60 
initial 50 65 140 80 45 
refreshment 25 30 35 20 15 

South Asia 35 180 330 200 135 
initial 25 145 270 I60 105 
refreshment 10 35 60 40 50 

TOTAL 295 645 1250 750 525 
initial 215 495 1020 595 415 
refreshment 80 150 230 155 110 
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Tfcol« No. 29 

Trainin* Catmcitiec for Foreme n and Techniciano 

1976-80 1980-85 
1985    -    2000 

UNIDO Leontief Cavendish 
Scenario Scenario Soenario 

Latin America 765 1446 5253 1976 I300 
for«»on 305 578 I30I 790 520 
technicians 460 866 1952 1186 780 

Africa 158 582 1685 1062 740 
for«man 63 233 674 425 296 
taohniciana 95 349 1011 637 444 

Asia 942 2462 5720 3518 2349 
for«m«n 377 993 2288 I407 940 
techniciana 565 1489 3342 2111 I409 

Middl« Eaat 264 592 1407 870 584 
for« own 104 238 563 348 234 
technicians 160 354 844 522 350 

Eaat Asia 418 636 1519 902 575 
foreman 168 255 608 361 230 
t«ohnioiana 250 383 911 541 345 

South Aaia 260 1252 2794 1746 1190 
foremen 105 500 III7 698 476 
technicians 155 752 1677 1046 714 

TOTAL 1865 4510 10658 6556 4389 
foremen 745 1804 4263 2622 1756 
technicians 1120 2706 6395 3934 2633 
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Tabi« Wo. 32 

Socialisation Structure of the Vocational Training Capacities 

required to prepare skilled Workmen 

1976-80 1980-85 

1985 - 2000 

UNIDO Leontief Cavendish 
Scenario Scenario Scenario 

Latin America 3390 6466 14834 8621 5394 
chemical workers 2373 4526 10384 6035 3776 

others 1017 1940 4450 2586 1618 

Afrioa 712 2?95 7930 4926 3358 

chemical workers 498 2097 5551 3448 2351 
others 214 896 2379 1478 1007 

Aaia 4712 10834 26582 15500 9653 
chemical workers 3298 7584 I8607 10850 6897 
others 1414 3250 7975 4650 3256 

Middle East 1222 2467 6596 3989 2627 

ohemioal workers 855 1727 4617 2792 1839 
others 367 740 1979 1197 786 

East Asia 2090 2579 6717 3713 2136 

ohemioal workers 1463 1665 4702 2599 1495 
others 627 714 2015 1114 641 

South Aaia 1400 5988 13269 7798 5090 

ohemioal workers 980 4192 9268 5459 3563 
others 420 1796 3981 2339 1527 

TOTAL 8614 20295 49346 29047 18605 
ohemioal workers 6169 14207 34542 20333 13024 
others 2645 6086 14604 8714 5581  1 

* 
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Íob descriptions and manpower training requirements 
n petrochemicals 

The main features of the petrochemical industry which 
influence manpower ¿.re: 

- It is highly capital intensive 
- Plant-down-time or under-loading is highly 

costly 
- Product yields depend critically on processing 

conditions 
- Plant instrumentation and equipment are complex 
- The process has a high-risk level 
Some of the consequences of these features are: 
- relatively few people are employed compare 

to other types of production 
- technologically qualified staff are required to 

support management 
- specialised technical staff are required for 

process and quality control and also to provide 
the necessary back-up to marketing;    in this 
latter case a detailed knowledge of the products 
are processes used by downstream producers is 
necessary 

- process operators need special skills and knowledge 
that generally do not come from other types of 
production experience. 

- process operators need to have a technical understanding 
of the process and its relationship to other production 
at the site 

- process operators should be able to operate a number of 
different plant« 

- maintenance personnel are integrated with processing 
personnel 

- supervisors, operating and maintenance staff need to 
have skills in fault diagnosis 
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- long practical experience is less important in the 
performance of these Jobs than a higher educational level, 
a comprehension of the production process and of written 

instructions. 

- the control of more complex chemical equipment 
requires a new type of skilled worker, whose 
attention,  thoroughness and reliability, combined 
with appropriate education, is very important. 

There is one common feature in the chemical industry as 
a whole which makes the skill level issue more critical 
than in other industries:    the great potential hasard to the 
environment, the community and plant labour force itself. 
Therefore, all petrochemical workers understand the nature of 
the processes taking place and their potential danger. 
This una rstanding and the consequent responsibility placed 
upon all workers often entails special training and retaining. 
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A'i_"xarnple_nf _a Checkl_ist  for 
?laonin^_raf Rty__rmd_ I'oalth _in_the 

PetrochGjn_ic_al_ ^InJualry for_ure  in Training 

On the matter of training for safety and health,   the 
important consideration is that   there  should be  a  totally 
integrated approach,   emphasising systematic planning of 
all aspects of safety and health. 

A s immary of key issues is as, followa: 

1. Design plant, equipment, layout, lighting, 
heating, ventilation, security fencing and 
alarm systems,   to minimise hazards. 

2. Isolate  processes with a high fire,  toxic  or 
explosive risk to ensure  thr.t accidents never 
reach disaster proportions,  an! have 
completely unobstructed exits at all times  for 
such work areas. 

3. 

4. 

5. 

Provide a first-aid room,  properly maintained 
first-aid equipment and an established routine 
for obtaining medical help. 

Have adequate emergency firefighting training 
and first-aid training,  including regular 
fire drills and assessment reports thereon 
with remedial action where necessary to 
improve arrangements. 

Ensure a clearly marked passage at all  times 
to and from every place where people have  to 
work.       If doors have to be locked for security 
ruasons,   ensure  that key cabinets are irunediately 
adjacent so that there is no delay in operating 
locks from the inside. 

A 

___s- 
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6. 

7. 

3. 

9. 

10. 

Insist  on good housekeepinc to avoid 
accumulation of dirt or product.      This can be 
a potential hazard in itself and moreover 
leads  to alack methods of working deleterious 
simultaneously  to quality,  economy,   safety 
and health. 

Provide  suitable protective clothing,   goggles 
and other equipment where required,  but try 
to avoid the necessity for such by proper 
design of equipment and adequate ventilation. 

Ensure  careful maintenance to avoid leakage 
of gaseoun, liquid or powder products. 

Ensure proper hygiene via washing, showering 
or bathing accommodation as necessary and 
adequate lavatories and messroom facilities. 

Have a prominently displayed hazard plan easily 
accessible to the fire brigade showing location 
of major hazards, fire-fighting and respirator 
equipment and key shut-down or vent valves in 
the case of process plants. 
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Job Description - Training 

1. Job designation 

2. Job relation 

3. Duties 

Operator 

Takes orders from chief operator 

Gives orders to assistant operator 

The operator is responsible for performing local 
operations and checking the operation of equipment 
of the panel operator. 

- At  start-up,  shut-down and changes in operating 
conditions,  he prepares the product circuits and 
starts up and shuts down pumps,  compressors,  fur- 
naces,  etc., in accordance with the instructions 
issued by the panel  operator or the chief operator 
and in full observance of safety regulations. 

- By making regular rounds of the installations, 
notes local parameters and ensures surveillance of 
instruments.    Immediately notifies the chief opera- 
tor of any irregularities observed. 

- Regularly takes samples for the laboratory and 
directly performs certain simple tests. 

- Responsible for the cleanliness and order of his 
working zone. 

- During maintenance operations,  prepares the unit 
by attaching blind joints and by degassing lines. 

4.       Job requirements       a) 

b) 

o) 

General level of education 

- High school level 

- Trade school 

Specialised eduoation 

- Mechanics/chemistry 

Professional requirements 

- Understanding of operations he performs and 
knowledge of the consequences 

- Constant safety sense 

- Fair mechanical ability in order to oh e ok 
pumps and compressors 

- Punctuality in order to relieve shifts 

- Medioal certificate of fitness for shift duty 
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5-     Training pha.» 

A. Initiation into pet roch end cai plants 

B. Industrial and technological training 

1) General organi»ation of the unit 

2) Phyaioal and chemical properties of the 
producta to be handlad 

3) Safety 

4) Technology and operation stasi on 

C. Participation in operation of the unit 

Total duration 

Durati on 

(months) 

i 
i 

2 

10 

___^ 
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Job Description - Training 

1.     Job designation 

2«     Job relation 

4»     Job regul remanti 

Chief operator 

Takes orders from supervisor 

Gives orders to operators 

The chief operator Is directly responsible for 
adjustments and operations to be performed on 
installations in order to achieve daily production 
target. 

Transmits to panel operators and operators,  opera- 
ting instructions of units during the shift. 

- Verifies the application of adjustment instructions, 
correct performance of operation, efficient use of 
equipment. 

- Ensures constant observance of normal working rules. 

- Co-ordinates the operation of his unit with linked 
1    areas. 

- Personally manages special operations such as shut- 
down and start-up. 

- Signs the operating sheet of his shift with appro- 
priate comments and docks his personnel in and out. 

- Takes all necessary safety precautions. 

- In oase ui  acoident, immediately issues precaution 
measures to be taken, and alerts the supervisor and 
the safety division. 

- Takes into consideration the training of his per- 
sonnel during operation. 

a) General level of education 

- High school or trade sohool 

- Technical college 

b) Specialised eduoation 

- Experience or training in plant operation 

c) Professional requirements 

- Expert enoe gained in position of operator and 
panel operator 

- Thorough familiarity with operating manuals 

- Ability to issue olear orders to his subordinate 

- Punctuality in order to relieve shifts 

- Pair mechanical aptitude to manage correot use 
of équipaient 

- Nedioal certificate of fitness for shift duty 
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Training phase The training programme is divi dad into three 
phaaaat 

a) Eventual initiation into petrochemioal plant« 
•o aa to get the trainee accustomed to equip- 
ment and operation of the unite and to facili- 
tate the choice of assigning chief operator. 

b) General training phaBe of which main target is 
to check acquired knowledge and to supplement 
it with scientific and technological bases spe- 
cific to the petrochemical industry. 

c) Phase of training on future assigned units 
including analysis of the    equipment and 
apprenticeship of operating methods. 

Iteration 

( months) 

A. Eventual initiation 

B. General training 

1) Refresher course on fundamental scientific 
knowledge 

2) Industrial and technological training 

C. Specialized training phase 

1) Organisation of the unit 

2) Process (specific to the unit) 

3) Participation in supervisión of operation 

3 

i 

3 

Total duration 17 
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Job Description - Training 

1. Job designation 

2. Job relation 

3-      Pati«« 

Job requirements 

Plant operations supervisor 

Takes orders from plant operations superintendent 

Gives orders to chief operators 

Transmits the superintendent's instructions and is 
responsible for their execution in optimum safety 
conditions. 

Transmits routine operating Instructions to the chief 
operators with specific instructions, explanations 
and comments. 

- Sets up and supervises special shut-down and start- 
up operations 

- Monitors the operating conditions of the main 
equipment 

- Every morning, gathers operating sheets, checks 
results against instruction«! transmits this infor- 
mation to the superintendent with appropriate 
comments 

- Is responsible for initiating routine maintenance 
work and follows up routine work 

- Analyses incidents 

- Carries out the time-table on schedule of shifts 
and holidays 

a) General level of education 

- Baohelor of Science degree 

b) Specialised education 

- Petrochemical,  refining chemical or engineering 
experience of plant operation training 

o)    Professional requirements 

- Experience gained in all operational postst 
operator, boardman,  chief operator 

- Ability to draft and transmit instructions 
clearly and to make sure they are understood 

- Must maintain good relations with colleagues 
in the utility and maintenance sections and 
with personnel under his orders 

- Must be able to consult with,  or advise,  the 
technical services division or. process improve- 
ments and unit modifications 
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5.      Training chase 

A. Introductory Beminar 

B. Petroohend Btry courses 

C. Petrochemical technology courses 

D. Teohnioal training 

E. Organisation training 

P.    Training with engineering company 

Total duration 

Duration 

(months) 

i 

2 

8 

4 

20 

1/  Of whioh li months on unit concerned. 
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Job Deaeriptjon - Training 

1. Job désignation 

2. Job relation 

3. Duties 

4.     Job requirement! 

Worke superintendent 

Takes orders from chief maintenance engineer 

Gives orders to mechanic,  electrical, instrumenta- 
tion piping,  common services garage 

In charge of implementation of the maintenance 
operations in the workshops and on plant site. 

Participates in planning: 

- Preventive and incidental maintenance time-table 

- Improvements in equipment reliability and 
maintenance procedures 

- Preparation of the maintenance works budget 

Manages,  implements and supervises! 

- Relations with production, safety,  other mainten- 
ance section,  outside contractors and warehouses to 
ensure satisfactory progress of operating schedule 

- Verification of stocks of material and spare parts 
in the warehouses 

- Proper performance of maintenance work 

- Distribution of work to the maintenance service 

- Promotion and training of his personnel 

- Time-table for stand-by personnel holiday schedule 

a) General level of education 

- Baohelor of Science degree 

b) Specialised eduoation 

- Mechanical engineering 

c) Professional requirements 

- Experience in any mechanical engineering 

- Experience in maintenance of refinery or 
petrochemical plant 

- Experience as mechanics foreman 

- Experience in different maintenance services 
concerning instruments,  electrioal power system 
and piping as craftsman,  foreman or teohnioian. 

_^ 
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3.      Training oh*s« 

A. Introductory ••minar 

B. Petrooharaioal tsohnology touroei 

C. Tachnioal training 

D. Organisation training 

E. Training with tha «nginaaring oompaajr »nd 
oontraotora 

Total duration 

Duration 

(months) 

i 
2 

5 

3* 

6 

16 3/4 
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Job description - Training 

1. Job daBignatjon 

2. Job relation 

3. Duties 

4.     Job requirements 

Chief production engineer 

Takes orders from industrial manager 

Gives orders to plant operation and utilities 
superintendents 

Based on the general guidelines and specific 
schedules provided by the programming division 
determines,  co-ordinates and supervises all pro- 
duction activities. 

Examines proposed production programmes and 
schedules the activities of his department. 

- Notifies,  co-ordinates and supervises his 
section heads 

- Cheoks production results daily 

- Transmits daily production results 

- Enquires about discrepancies and their causes 

- Based on assessments of results,   strives for 
technical and cost improvements in units'  per- 
formance 

- Is responsible for checking all operating instruc- 
tions,  especially for start-up and shut-down 

- Prepares units and specifies operating conditions 
for test runs 

a) Oeneral level of eduoation 

- Master of Sol enee degree 

b) Specialised education 

- Petrochemistry, ohemistry,  refining or 
ohemioal engineering 

c) Typioal professional experience and requirements 

- 2 years - shift engineer 

- 2 years - head of operations 

- 1 year   - head of utilities 

Thorough familiarity with installations and sxaot 
functions of eaoh of his subordinates 

Capacity to withdraw from routine work to refleot 
on improvements 

Oood manager with ability to delegate the maximum of 
responsibility to his direct subordinates 

Must ensure uniformity of personnel treatment in all 
sect!ons 

9 
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TrUnliK ohaae Given ih« high responsibility attached to the 
potiti on,  the person must have a broad experience 
of petrochemistry and, if possible,  of the specific 
job. 

Recruitment could be very difficult and in case the 
place is not filled,  one should call upon applicants 
who,  owing to their antecedents and characteristics, 
are potentially able to assume this responsibility 
within a short time. 

In any case this post must be filled by a competent 
person,  and this may mean creating a similar post 
to be temporarily filled by a technical assistant. 

Preparing the applicants who have the capacity to 
fill theae posts will be done not only through a 
training programme,  but also through the acquisition 
of practical experience linked to this job. 

This post could also be filled through internal 
promotion. 
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Appendix F 

RESEARCH AND DEVELOPMENT ORGANIZATIONS IK DEVELOPING COUNTRIES 

Indonesian Petroleum Institute 

Main activities: 

Exploration 

Engine laboratory 

Techno-eoonomic department 

Asphalt  blowing laboratory 

Refining and petrochemistry department 

Crude-oil  evaluation 
Techniques of separation 
General  testing laboratory 
Propane deasphalting laboratory 
Process and catalysis laboratories 

Indian Institute of Petroleum 

Main activities: 

Crude-oil refining and processing 

Evaluation of crude oils and products 
Crude-oil  processing studies 
Speciality products studies (development of specific micro- 

crystallic wax,   rolling oils,  extender OìIB,  secondary 
plasticizers for PVC) 

Thermal  conversion processes (visbreaking,   delayed coking) 
Chemical  treating processes 
Hydroprocessing and catalytic reforming development 
Studies on catalysts and catalyst  supports 
Physical  separation processes 

Products application 

Vehicle emissions and their control 
Performance of fuels,  lubricating oils,  greases and engine 

components, including standard evaluation techniques 
Development of indigenous test techniques for lubricants 
Combustion studies 
Tribological studies 

Petroleum chemicals 

Synthesis of polyamides 
Additives for petroleum products and petrochemioals (alkylphenols) 
Polybutenes 
Cetane improver 
Petroleum sulphonatee 
Basic studies on extreme pressure additives 
Synthetic fatty acids 
Oxidation of pseudocumene and durene 
Disproportionate of toluene 
Preparation of iso-octane 
Methyl-ethyl-ketone and cresols from toluene 
Synthesis of sulphotane 
Sulphonated fatty acids 
Proteins from petroleum 
Synthetic lubricants 
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Supporting R and D work 

Studies on corrosion in hydrocarbon handling and processing 
sy s t em 

Development of instrumental and other analytical  techniques 
B-isic BtudieB on chemistry of crude oils 
Basic  studies on liquid-liquid equilibrium and new solvents 
Design and development of electronic instrumental  process 

control and measurement techniques 
Process design and computer progressing 

Supporting technical work 

Techno-economic and pre-investment studies 
Technical consultancy 
Testing and technical services 
Training 

KIOC Research Centre 

Main activities: 

Production of petroleum-derived proteins 

Quality improvements for insecticides and lubricants 

Preparation of aromatici) 

Preparation of rauloh for the stabilisation of sand dunes 

Preparation of leak-proof reservoirs,  and irrigation canals 

Perfecting of asphalt blocks 

Research into protection against damp,  metal corrosion,  air and 
water pollution 

Preparation of catalysts 

Assessment of the properties of plastioe 

Determination of the properties of underground water 

Perfecting of drilling mud and cement 

Laboratory services 

Training 

Mexican Petroleum Inatltute 

Main activities in the field of teohnioal  services and applied research: 

Exploration Technology Division 

Oeology 
Oeophysios 

Production Technology Division 

Drilling fluids and cement 
Drilling techniques 
Well stimulation techniques 
Prediction of reservoir performances 
Optimum reservoir exploitation 
Oil recovery processes 
Corrosion problems 
Automation of field installations 
Economics of production problems 

Refining and Petrochemioal Technology Division 

Pilot plants 
Cas chromatography 
Physical tests of petroleum 
Chemical analysis 
Electronic microsoopy 
Photographic prooesses 

-—_Ä. 
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Mass spectrometry 
Emission spectroscopy 
X-ray methods 
Nuclear magnetic and electron spin resonance 
Ultra-violet and visible absorption method 
Infrared and Ruman spectroscopy 

Engineering Division 

This division realizes a big share of the engineering work required 
by the oil and petrochemical industries in Mexico. 

Applied Research Division 

Applied sciences (mathematics,  physics,  chemistry) 
Computing 

Economics and Planning Division 

This division conducts studies on specific problems posed to the 
Institute and also on those subjeots the Institute considers 
to be of interest. 

Information Department 

Library 
Information retrieval 
Publications 

Quality Control Department 

Nain activities in the field of metals and polymers. 
Service shops 

In addition the Mexican Petroleum Institute has notable educational aotivities, through 

its Teohnical Training Division and its Aoademio Courses Department. 

--*- 
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Appendix O 

FINANCING- SOURCES AND SCHEMES:     DETAII.ED DATA 

1.    The World Bank Group 

Origin and Nature 

The World Bank Group consistís of three international financial  institutions: 

The World Bank itself (formally,  the International Bank for Reconstruction 
and Development), 

and two affiliates; 

The International Development Association (IDA); 

The International Finance Corporation (IPC). 

Each of the three institutions,  which closely co-operate and co-ordinate their efforts, 

was established to fulfil a distinct function, but all are devoted to the same general 

objective - the provision of financial and technical assistance for economic development. 

The World Bank 

Origin and Hature 

Early in World War II,  the economic and financial experts of the allied nations began to 

consider what plans could be made to help meet the economic problems of the postwar period. 

They recognized that attention would have to be given not  only to the immediate relief and 

physical reconstruction of economies disrupted by the war but also to »the expansion, by 

appropriate international and domestic measures,  of production,  employment,  and the exchange 

and consumption of goods which are the material foundations of the  liberty and welfare of all 

peoples  ...".    Discussions were held on a variety of proposals that were intended to help 

realize these goals. 

From deliberations on these plans, the outlines of two complementary financial institu- 

tions emerged.    The first - to become the International Monetary Fund (IMF) - was to promote 

international currency stability by helping to finance temporary balance-of-payments deficits 

and by providing for the progressive elimination of exchange restrictions and the observance 

of accepted rules of international financial conduct.    The second institution - to become the 

International Bank for Reconstruction and Development (World Bank)  - was, as its name implies, 

to help finance the reconstruction and development of its member countries. 

Types of expenditure financed 

Normally, a Bank loan or IDA credit provides foreign exchange for expenditures on imported 

goods and services required for the execution of a projeet.    These include the foreign- 

exchange element represented by the imported component of domestically produced goods and 

foreign expenditures under civil-works contracts With local contractors. 

The Articles of Agreement also permit the Bank in "exceptional circumstances" (IDA in 

»special circumstances") to lend foreign exchange to finance local expenditures.    The 
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circumBtances justifying this kind of lending are typically those in which a country needs more 

funds for its development than it can provide from its own savings or from Toans from external 

sources other than the Bank,  and where these additional funds cannot he effectively trans- 

ferred by  lending only for imported goods and services required by high-priority projects. 

Bank loans 

The Bank normally makes medium or  long-term loans,  with the principal repayments beginning 

at the end of a period of grace and thereafter spread over the remainder of the life of the 

loan.    In establishing the length of its  loans and the grace period,  the Bank follows the 

principle that the terms should be related to the characteristics of the particular project, 

adjusted in appropriate cases to the prospective balance-of-payments and external-debt 

situation of the borrowing country.    Normally,   the grace period is designed to run until the 

project becomes operational  and starts  to yield economic benefits,   while the calculation of 

the amortization period takes into account the estimated useful  life of the project. 

The rate of interest charged by the Bank on its loans is kept as low as is compatible with 

the need to maintain the Bank's financial  strength and reputation.     In determining the rate, 

due regard is given to the trend of the Bank's earnings;     the maintenance of an adequate ratio 

of Bank earnings to interest  requirements on funded debt;    the maintenance of a reasonable 

rate of return on capital and reserves;     and the accumulation of adequate reserves.    The 

standard rate for Bank loans is presently 8.2 per cent per annum. 

Interest on Bank loans is charged only on that part of a loan which has actually been 

disbursed.    To compensate the Bank for the cost of holding funds pending their disbursement 

and to encourage borrowers to draw down loans promptly,  a commitment charge is normally made 

on the undisbursed portion of a loan.    This charge is now 3/4 of one per cent per annum and 

accrues from a date 60 days after the date of the loan agreement. 

Repartition of loans 

The cumulative total loans approved up to June 1977 amounted to US$ 38,610,500,000 out 

of which only 9-5 per cent were effected to industry.    (See Table 01). 

This percentage is 12 per cent for the year 1977 over a total amount of loan of 

USI 5.759,300,000. 

The other loans are effected to 13 other sectors of which the most important are: 

igrioultur« 

Pmrar 

Savcloparat flrnno« 
«aapaiilM 

Tranaportatioa 

17.5 
21.9 

10.4 
24.8 
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TABLE 01 

WORLD  BANK   (IBRD)   LOANS 

CUMULATIVE 
TOTAL OF  LOANS LOANS 

APPROVED DURING APPROVED FOR 
THE  1947-1977 1977 

PERIOD 

PURPOSE AMOUNTS IN 
10'US$ % AMOUNTS IN 

10*US$ 
% 

WATER SUPPLY AND SEWERAGE 1  344.1 3.46 262.5 4.56 

AGRICULTURE 6 7Ì0.1 17.56 1  637.8 26.44 

TECHNICAL ASSISTANCE 30.6 0.08 1.5 0.03 

EDUCATION 1  223.9 3.17 210.1 3.65 

POWER a 454.9 21.90 784.5 13.62 

NON-PROJECT 

INDUSTRY 

(out of fartilizera and 
chemicals) 

1 854.6 4.80 126.5 2.20 

3 853.0 9.46 720.8 12.51 

(782.3) (2.02) (269.3) (4.67) 

POPULATION 119.8 0.31 42.5 0.74 

DEVELOPMENT FINANCE COMPANIES 4 012.5 10.49 730.7 12.69 

TELECOMMUNICATIONS 934.2 2.42 140.0 2.43 

TOURISM 246.9 0.64 96.6 1.71 

TRANSPORTATION 9 588.2 24.83 875.6 15.20 

URBANIZATION 

TOTAL 

367.7 0.95 128.2 2.22 

36 610.5 mo.00 5 759.3 100.00 
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The International Development Association 

Origin and Nature 

In the  late  1940s,   there was already some discussion in the United Nations of the desira- 

bility of establishing an international agency which would finance development on terms 

exceptionally favourable to the  lesi developed countries.    This possibility was also touched 

on by the US International Development Advisory Board in Partners in Progress in 1951-    The 

idea became more topical during the  1950s»  when the developing countries as a whole were 

rapidly adding to their external debt,  in many cases by increasing short-term,  high-interest 

supplier's credits. 

At the  same time as the debt burden of the developing countries grew, their ability tc 

make  effective use of capital was tending to increase.    The achievement  of satisfactory rates 

of economic development,   in many cases,  began to require more external borrowing than could 

safely be provided by loans made on conventional financial terms. 

In January I960, Articles of Agreement were approved by the Executive Directors for 

submission to the member governments of the Bank.    By September I960,   countries representing 

a sufficient  percentage of total  subscriptions had accepted the Agreement for it to come into 

force. 

Types of expenditure financed 

These are covered In paragraph under «ame heading above. 

IDA'» eredita 

In keeping with its directive to provide finance "on terms which are more flexible and 

bear  lesB heavily on the balance of payments than those of conventional loans",  IDA's develop- 

ment credits,   to date,  have virtually all been for a term of 50 years and have been interest- 

free.     There has been no commitment charge.    A service charge of 3/4 of one per cent per annum 

to meet  IDA's administrative costs is payable on the principal amount withdrawn and outstanding. 

The credits have carried grace periods of 10 years before repayment has to begin.    Thereafter, 

one per cent  of the credit is repayable annually for 10 years and three per cent annually for 

the final 30 years. 

Repartition of credits 

The cumulative total credits approved up to June 1977 amounted to t 11,397»600,000,  out 

of which only 4.3 per cent were effected to the industry.    (See Table 02). 

Thie percentage is 1.2 per cent for the year 1977 on a total amount of credit of 

t 1,307,500,000. 

The other credits are effected to 12 other sectors of which the most important are: 

Paroentaga 

31.9 

8.3 

17.6 

Agriculture 

Power 

Non-project 

Transportation 19.7 
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TABLE 0 2 

IDA     CREDITS 

CUMULATIVE 
TOTAL OF LOANS LOANS 

APPROVED DURING APPROVEO FOR 
THE  19B1-1977 1977 

PERIOD 

PURPOSE 
AfOUNTS IN 

10«US$ 
% AMOUNTS IN 

10kUS$ 
% 

WATER SUPPLY ANO SEWERAGE 329.4 2.90 36.2 2.92 

AGRICULTURE 3 644.1 31.97 670.1 51.25 

TECHNICAL ASSISTANCE 55.4 0.50 15.4 1.19 

EDUCATION 647.5 5.68 78.5 6.00 

POWER 949.1 8.33 187.00 12.77 

NON-PROJECT 

INDUSTRY 

(out of fertilizara and 
chamlcals) 

2 010.6 17.84 90.0 6.66 

494.9 4.34 16.0 1.22 

(423.4) (3.71) - - 

POPULATION 78.0 0.68 4.6 0.37 

DEVELOPMENT FINANCE COMPANIES 301.7 2.65 25.5 1.95 

TELECOMMUNICATIONS 470.0 4.12 - - 

TOURISM 40.2 0.35 - - 

TRANSPORTATION 2 250.9 19.75 172.0 15.15 

URBANIZATION 

TOTAL 

127.6 1.11 30.0 2.30 

11  397.6 100.00 1   307.5 100.00 
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The International Finance Corporation 

Origin and Nature 

The  International Finance Corporation (IPC) was established in I956 as an affiliate of 

the World Bank to assist less-developed member countries in furthering their economic develop- 

ment by encouraging the growth of productive private enterprise.     IPC's activities supplement 

those of the World Bank.    IPC has its own subscribed capital and is empowered to borrow funds 

from other  sources,  including the Bank. 

IPC's aim is to further economic development by encouraging the growth of productive 

private  enterprise in developing member countries.    It provides equity and loan capital for 

private enterprises in association with private investors and management,   encourages the 

development   of local capital markets,   and stimulates the international  flow of private capital. 

In particular,   it  supports joint ventures which provide opportunities to combine domestic 

knowledge  of market and other conditions with the technical and managerial  experience avail- 

able in the  industrialized nations. 

Investment  criteria 

IPC uses several guidelines in deciding whether to make an investment.     The Corporation 

invests  only in less-developed member country ep, where sufficient private capital is not 

available  on reasonable terms,  in projects oí  economic priority to the country concerned, and 

where there are reasonable prospects of adequate returns.    This means that  each project should 

not only be a sound and profitable business,  but should benefit the host  country in some form 

- such as  increasing national income,   saving and/or earning foreign exchange, and creating 

employment. 

In considering whether to make an investment,  IPC does not  choose  between the objectives 

of economic priority and profitability.    Rather,  it makes an investment  only where it is 

convinced that both objectives will be satisfied. 

One  of the generally most important criteria of a potentially sound investment for IPC is 

the availability of sponsors - partners - for new enterprises from among companies with proved 

industrial  competence willing to invest in a joint venture.    Experience has shown that such a 

partnership,   which usually involves local and foreign investors,  brings together elements that 

are,  together,   the best assurance of the viability of a new venture.    The  local investor pro- 

vides knowledge of national and regional market conditions and is at home in relations with 

labour and government.    The foreign partner brings to the association a knowledge of the newer 

industrial  techniques as well as up-to-date management and administrative practices. 

Range of investments 

The range of IPC's investments is steadily broadening.    Most of the Corporation's early 

commitments were made to help basic industries of obvious priority to developing countries, 

for the manufacture of iron and steel,  pulp and paper,  textiles,   cement and machinery. 

In the past few years,  IPC has branched out and made investments for the first time in 

the fields of nickel mining,  carbon black and cottonseed oil as well as making two invest- 

ments to assist the development of capital markets. 
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p^C'a crédite 

The IPC normally makes medium- or long-term credits. 

The standard rate for IPC credits varies from 7 to 8 per cent per annum. 

Repartition of credits 

The cumulative total credits approved up to 1977 amounted to t 1,711,900,000, out of 

which only 5 per cent were effected to the chemioal and petrochemical industries. (See 

Table 03). 

This percentage is 0.3 per cent for the year 1977 on a total amount of credit of 

t 206,700,000. 

The other credits are effected to 16 other sectors of which the most important are: 

Development finance companies 11.2 

Iron and steel 16.1 

Mining 8.0 

Pulp and paper produot« 8.4 

Cement 11.0 



- 359- 

TABLE 0 3 

I FC     CREDITS 

CUMULATIVE 
TOTAL  OF CREDITS 
APPROVED DURING 

THE  1956-1977 
PERIOD 

CREDITS 
APPROVEO FOR 

1977 

PUPTOSE 
AMOUNTS  IN 

10*USt 
% AMOUNTS IN 

10$US$ 
% 

DEVELOPMENT FINANCE COMPANIES 191. a 11.20 40.7 19.70 

IRON and STEEL 275.8 16.11 11.2 5.42 

GENERAL MANUFACTURING 106.0 6.20 23.7 11.47 

TEXTILE and FIBRES 205.3 12.00 21.0 10.16 

MINING 136 .8 7.98 16.5 6.95 

HONEY and CAPITAL MARKETS 33.2 1.94 16.2 6.60 

PULP and PAPER PRODUCTS 144.8 8.46 17.3 8.37 

PUBLIC SERVICES 31.5 1.84 15.0 7.25 

CEMENT 169.2 11.05 13.2 6.38 

FOOD and F000 PROCESSING 

CHEMCAL and PETROCHEMICAL 
Producta 

MOTOR VEHICLES and ACCESSORIES 

71.4 4.17 27.6 13.35 

85.2 4.96 0.3 0.15 

87.7 3.95 

FERTILIZERS 80.3 3.52 - - 

TOURISM 52.4 3.06 - - 

NON FERROUS METALS 38.9 2.27 - - 

MACHINERY 14.6 0.66 - - 

OTHEÄ 

TOTAL 

7.0 0.41 - - 

1 711.9 100.00 208.7 100.00 

. > 
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TABLE 0»» 

REPARTITION  OF   THE  WORLD  BANK   GROUP 

INDUSTRIAL  OPERATIONS   BY   SECTORS 

DURING  THE   1967-1971   PERIOD 

PURPOSE 
BANK LOANS 

and IDA 
CREDITS 

IFC 
CREOITS 

TOTAL 
(1*2) 

DCP» 
PROJECTS 

TOTAL 
(3*4) 

CHEMICAL INDUSTRIES 

OIL REFINERIES 

DERIVATE INDUSTRIES  FROM 
PETROLEUM AND COAL 

OTHER 

(1) 

47.0 

53.0 

(2) 

25.6 

2.8 

7.9 

63.S 

(3) 

32.4 

1.9 

-5.4 

60.3 

(4) 

8.1 

0.6 

91.3 

16.4 

1.1 

2.3 

78.2 

TOTAL        (P-rC"nt 

INDUSTRY }       unt  in 

M06US$ 

100.0 100.0 100.0 100.0 100.0 

132.0 286.7 420.7 570.6 991.3 

AMOUNT CORRESPONDING 
TO THE CHEMICAL 
INDUSTRIES and DERIVATES 
in 10*US$ 

62.0 97.3 159.3 46.2 205.5 

* PCF t Pto/UopmuU Finance CMHNMú* 

v»    — 
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TABLE 05 

REPARTITION OF THE WORLD BANK GROUP 

INDUSTRIAL OPERATIONS BY SECTORS 

FOR THE YEAR 1977 

1 
PURPOSE BANK LOANS 

IDA 
CREDITS 

IFC 
CREDITS TOTAL 

FERTILIZERS «od 
CHEMICALS 

PETROCHEMICAL 

OTHER 

30 

7 

63 

0 

0 

100 

0 

3.0 

97.0 

28 

6 

66 

TOTAL   iP*"»"* 
INOUSTRY { 

«amount in 
' 10sUS$ 

100 100 100 100 

720.8 18 105.2 642 

AMOUNT CORRESPONDING 
TO THE FERTILIZERS. 
CHEMICAL AND PETROCHE- 
MICAL INDUSTRIES 
in 10«US$ 

269.3 0 0.3 269.6 
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The Regional Banks 

Beyond the World Bank group institutions,  the establishment of regional banks has emerged 
during the last  20 years. 

The Inter-American Development Bank (IDB)  is a regional agency bank for the 
Latin American area.     It was created on 30 December  1969. 

The Asian Development Bank (AsDB)  is a regional agency bank for the Asian 
area.     It was created on I9 December I966. 

The African Development Bank (APDB). 

The Caribbean Development Bank (CarDB). 

The European Investment Bank (Era). 

Functions of the regional banks 

All regional development banks are basically similar.    They provide funds for the 

financing of projects that are considered of importance to the economic development of the 

area they serve.    They are usually owned by participating governments,  although privately 

owned regional development banks are becoming more common.    The regional banks are generally 

much larger than the country development institutions,  but often concentrate their loans on 
state-owned borrowers. 

The regional development bank carries out these objectives by: 

Promoting the investment of public and private capital for development 
purposes; 

Utilizing its own capital,  funds raised by it in financial markets, and 
other available resources to finance the development of its member 
countries, giving priority to those loans that contribute most 
effectively to their economio growth; 

Encourage private investment in projects,  enterprises and activities 
contributing to eoonomic development and supplementing private 
investment, when private capital is not available on reasonable 
terms and conditions; 

Co-operating with its member countries to orient their development 
policies toward a better utilization of their resources,  in a 
manner consistent with the objectives of making their economies 
more complementary and of fostering the orderly growth of their 
foreign trade; 

Providing technical assistance for the preparation,  financing 
and implementation of development plans and projects,  including 
the study of priorities and the formulation of specific project 
proposals. 

TYP» of expenditure financed 

As for the World Bank Group institutions, the ordinary capital resources are used pri- 

marily to make loans in such productive economic sectors as industry and agriculture and in 

suoh infrastructure sectors as power and transportation. 

Frequently such loans are mixed with loans from non-member countries (export credits). 

The loans affected to industry represent around I5 per cent of the total loans.   As for 

the World Bank Oroup,  the most important sectors are agriculture, power,  transportation, water 
supply,   sewage systems, and urban development. 
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Regional bank Ioana 

Loans extended from the regional bank's ordinary capital resources are repayable in the 
currency loaned. 

Amortization periods are ordinary capital  loans range,  in general from 7 to 20 years 

including grace periods,   although they may extend up to 25 years for economic infrastructure 

projects.    The current basic rate of interest is 8 per cent yearly. 

In a number  of cases the development banks also provide equity financing;    in some they 

insist upon it.    A  good many of the development banks are also useful  to international 

companies as underwriters and as guarantors of other  loans.    A large percentage have both local 

and foreign currencies available,  the foreign funds being lent to them by the World Bank Group, 
and various governments. 

The Arab Funda 

A third type  of international  financing institution was established after the boom in the 

crude oil  prices end of 1973.    The oil-producing countries who have considerably increased 

their financial  resources have promoted the Arab Fund for Economic and Social Development 
(AFESD). 

The Council  of Ministers of the Organization of Arab Petroleum Exporting Countries (OAPEC) 

created in November  1975 the Arab Petroleum Investment Corporation (APICORP or APIC).     The 

objectives of the  company are to participate in financing petroleum industries and projects or 

any other related activities,  with priority given to  joint Arab projects.    In the fulfilment  of 

those objectives,   the company normally conducts all  its operations  in the member countries, 

but it may in certain cases participate in projects  in other Arab countries. 

For example,  APICORP participated in a number of bond issues and loans during the first 
nine months of the year 1977. 

SR 100-fflillion bond issue to the Samir refinery of Morocco! 

SR 150-milllon bond issue to Algeria's state-owned Compagnie Nationale 
Algérienne de Navigation (CNAN); 

t 350-million loan to Qatar General Petroleum Corporation (for gas 
liquefaction plant); 

t 100-million loan for the third expansion project of the Jordanian 
Petroleum Refinery Company; 

I 100-million loan to the Compagnie Nationale Algérienne de Navigation. 
CHAN will use the loan as a partial down payment for three  125,000 cu.ui. 
LNO tankers; 

• 100-million loan to Algeria's national oil  company SONATRaCH.    The 
loan will help finance the additional costa of the Arzew IMO p vit. 
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Qovernment-sponsored Export Credit 

Olven the continuili« efforts by governments of most industrialized countries to obtain a 

greater share  of the export market,  nearly every developed nation has developed its own credit 
institution. 

On the  next pages summarized information is given on the government export credits  of  14 
countries including details of: 

Government insurance agency 

Export credit funds 

Beneficiary of credit 

Percent of contract  covered by credit 

Credit period 

Interest rate 

Insurance premium and coverage 

F»«s 
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COUNTRY 

GOVERNMENT INSURANCE AGENCY 

EXPORT CREDIT FUNDS 

AUSTRIA 

Oeterraichiiche Kontrollbank AG 

Comare lai bank 

BENEFICIARY OF CREDIT Supplier or Buyar 

PERCENT OF CONTRACT COVERED 
BY CREDIT 

Up to 100 \ of contract price, min ut 
advanca payments 

CREDIT PERIOD 

INTEREST RATE 

3 mon the to ovar 6 yaara 

Fixad rjta of of 7.75 % up to 60 % of tha 
credit,  floating r^sa for tha remaining 
portion. 

INSURANCE PREMIUM 

INSURANCE COVERAGE 

Of 0.125 \ par quarter 

Tha Oaterreichische Kontrollbank AG will grant 
coverage of the political  and tha commercial 
riaka,  according to quartsly coverage requi- 
rement up to 100 \ of tha credit. 
In addition, Kontrollbank will charge a hand- 
ling fea of 0.1 * of tha guarantee with a 
maximum of A.S. 2,000. 

FEES 0.1 \ par quarter 
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COUNTRY BELGIUM 

GOVERNMENT INSURANCE AGENCY O.N.D.   (Office National  du Ducroir«) 

EXPORT CREOIT FUNDS Commercial bank 

BENEFICIARY OF CREDIT Suppllar or Buyar 

PERCENT OF CONTRACT COVERED 
BY CREDIT 

Up to 65 \ of contract prica 

CREDIT PERIOD 

INTEREST RATE 

From 2 to "10 yaara 

Fixed rataa between 9.3 % and 9.6 \. 
If Government funda ara availabla for tubti- 
ding lntarait rata, than  nat rata will ba 
6.25 % flxad. 

INSURANCE PREMIUM 

INSURANCE COVERÀ« 

Premium parcantaga not availabla 

O.N.D.  (Offlea National du Dueroira) can 
grant coverage of political risk up to 
95 \ and commercial riak from 90 to 95 \. 

FEES Rata fixing commieeion i 0.2 t p.a. payabla 
thraa times a yaar In arreara on unutilized 
portion of credit. 
For buyer'a credit only t management fee i 
1 I flat. 
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COUNTRY CANADA 

GOVERNMENT INSURANCE AGENCY 

EXPORT CREDIT FUNDS 

EDC   (Export Development Corporation) 

Commercial bank and EDC 

BENEFICIARY OF CREDIT Supplier or Buyar 

PERCENT OF CONTRACT COVERED 
BY CREDIT 

Up to  85 \ of contract prica for gooda 
and aarvicas of Canadian origin 

CREOIT PER100 

INTEREST RATE 

INSURANCE PREMIUM 

INSURANCE COVERAGE 

From 1B montha to 8 yaara according to aiza 
and typa of project 

EDC portion j fixed ratea established in accor- 
dance with nature of project,  length of commit- 
ment and international agreements. 
Commercial bank portion  :  floating ratee baaed 
on  the Canadian prime or London interbank rate. 

Premium percentage not available 

EDC can grant coverai« of the political and 
coawarcial riaks up to 90 % of the credit. 

FEES On buyer'* credit only  i 
Nar»g«mant fee i variable in accordance with 

transaction 
Commitment fee : 0.5 % p.a. minimum 
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COUNTRY FRANCE 

GOVERNMENT INSURANCE AGENCY 

EXPORT CREDIT FUNDS 

COFACE  (Compagnia Français« d'Assurance pour 
la Commarca Extérieur) 

BFCE and/ or commarciai bank» 

BENEFICIARY OF CREDIT Supplier or Buyar 

PERCENT OF CONTRACT COVERED 
BY CREDIT 

Up to 85 \ of contract price 

CREDIT PERIOD 

INTEREST RATE 

Fron 18 months to 10 years from data specified 
In purchase contract 

Fixed rates between 7.25 \ and 8 \ depending 
on buying country and length of credit. 

INSURANCE PREMIUM Premium percentage not available 

INSURANCE COVERAGE COFACE can grant the following coverage : 
Buyer's credit  i  up  to 95 \ of political 

end commercial  risks 
Supplier's credit   :   up to 90 \ of political 

risk end 85 \ of commer- 
cial risk 

FEES For buyer's credit only t 
Management fee t 0.3 \ flat minimum 
Commitment fee i 0.3 \ p.e. minimum 
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COUNTRV FEEBR4L RWPUBMC OP OEPJUMY 

GOVERNMENT INSURANCE AGENCY HERMES credit inaurarle« 

EXPORT CREDIT FUNDS Ausfukj>kr*dlt|tialltchaft mbH (AM) 
Kreditanstalt fQr Wiadaraufbau (KfW) 

BENEFICIARY OF CREDIT Supplier or Buyar 

PERCENT OF CONTRACT COVERED 
BY CREDIT 

Up to approximately 75 \ of contract prica 
in case of a supplier's credit and up to 
100 \ of the outstanding amount dua to tha 
axportar on data of drawdown (normally 
dalivery data) in tha caaa of a buyar* a cradit. 

CREDIT PERIOD. No maximum term has baan flxad. 
Tha duration will depend on tha dafarrad 
paymant pariod covarad by HERMES cradit 
lnauranca. 

INTEREST RATE AKA "A" lin* t variât la rat« depending on monay 
märtet conditions (presently 7 \ p.a.) 
ARA *B" Una : variable rata of 1.5 \ ovar tha 
Oautacha Bundesbank rate (prasantly 5 \ p.a.) 
AKA  "C"  Una  : 

1. Variable rate (presently 7.25 \ p.a.) 

2. Fixed rata t 3 possibil ititi 

- 9 % for 5 yeara. After this pariod,  if 
any,  tha flxad rata la assessed on baala 
of tha then prevailing market condltiona. 
Also,  possibility to negotiate e changa 
from tha flxad rata to a flexible rata. 

- 8.5 % p.a. flxad for tha whole Ufi   cima 
of tha loan. 

- asseeamant of intereet rata 3 months 
befor* first di aburas—nt on basis of 
tha than prevailing flxad rata. 
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FSMRAL REPUBLIC OF GERMANY (continued) 

INTEREST RATE (continued) KfW :  Supplier's credit  :   fixed rate 8.75% p.a. 
Buyer's cradit        :  fixed rate 8 \ p.a. 

All variable ratea payable 90 days    In 
advance. Fixed rates in arrears. 

INSURANCE PREMIUM 

INSURANCE COVERAGE 

Premium percentage not available 

HERMES credit insurance can grant coverage 
of political risks up to 90 \ and of 
commercial risk up to 85 \ of the credit. 

FEES AKA "A" line :  Commitmant fee t  0.5 \ p.a. 
Stamp dutiaa      i  0.15 \ p.a. 

AHA "B" line :  Comnitment fee t 0.1  \ p.a. 
Stamp duties      : 0.6 \ p.a. 

AKA "C" line i  Conmitment fee :  0.125 \ to 
0.S \ p.a. 

KfW i Conmitment fee : 0.25 \ p.a. 

_^ 
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COUNTRY GREAT BRITAIN 

GOVERNMENT INSURANCE AGENCY E.C.G.D.   (Export Credit Guarantee Department) 

EXPORT CREDIT FUNDS Commercial bank 

BENEFICIARY Of CREDIT Supplier or Buyer 

PERCENT OF CONTRACT COVERED 
IY CREDIT 

Up to 85 \ of contract price 

CREDIT PERIOD 

INTEREST RATE 

From 2 to 10 years 

Fixed ratea between 7.25 % end S % payable 
•ami-annual1y in arrear«. 

INSURANCE PRCWUN Premium percentege not evailaole 

INSURANCE COVERAGE E.C.G.O. will grant coverage of political 
and commercial riaka of the credit 

FEES Commitment fee t 1 \ flat 
Negotiation fee i up to 0.2 % flet. 
For buyer*a credit only  i ménagement fee i 
0.05 % p.e. on the firet £ S million end e 
amellar percentage to be negotiated on the 
reminder. 
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COUNTRV ITALY 

60VERNNENT INSURANCE AGENCY 

EXPORT CREDIT FIMOS 

KNEF1CIARY OF CREDIT 

PERCENT OF CONTRACT COVERED 
IV CREDIT 

I.N.A. (Instituto Nazionali dalla 
Assicurazioni) 

rcial bank 

Supplier or Buyar 

Up to 65 \ of contract prica 

CREDIT PERIOO 

INTEREST RATE 

Nonaally S yaars 

If Govarmaanta fund* ara avallatila for •ubal- 
dltinf conmarclal in tara« t ratas, than tha 
fixad rata will amount to oatwaan s % and 
9 %/ 

INSURANCE FfCNIUN 

INSURANCE COVERÀ« 

Praadum parcantaga not avallatola 

I.N.A. can grant covo raga of political and 
of comwrclal risks for tha whola or part 
of tha cradlt 

FEES nt faa i 0.5 % p.a. 
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COUNTRY JAPAN 

GOVERNMENT INSURANCE AGENCY 

EXPORT CREDIT FUNDS 

ri.I.T.I.   'Ministry of Internationel Trad« 
and Industry) 

Export-Import Bank of Japan 

BENEFICIARY OF CREDIT Suppllar or Buyar 

PERCENT OF CONTRACT COVERED 
IY CREDIT 

CREDIT PERIOD 

INTEREST RATE 

INSURANCE PREMIUM 

Up to 80  \ of contract price In casa of a 
supplier's credit and up to 85 \ in case 
of a buyer's credit 

Normally 3 to 8 years 

Supplier'a credit  < normally tha Export-Import 
Bank of Japan grants up to 60 \ of ths credit 
at fixed ratss between 6.5 * and 8 % p.a. 

Comercial banks grant the remaining part of 
crédite at fixed rate baaed on the long term 
prima rete (9.2 % p.a. at present). 

Buyar's credit i The Export-Import Bank of 
Japan singly or jointly with commercial banks 
grants normally 85 \ of the contract price 
at fixed rata between 7.5 \ and 8 \ p.a. 

Premium percentage not available 

INSURANCE COVERÀ« ri.I.T.I. can grant coverage of the political 
end commercial rieke up to 80 I of the credit. 

FEES For buyer's credit only s 
Commitment fea i normally O.S \ p.a. 
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COUNTRY NETHERLANDS 

GOVERNMENT INSURANCE AGENCY 

EXPORT CREDIT FUNDS 

BENEFICIARY OF CREDIT 

N.C.M.   (Nedarlandache Credietverzekaring 
MaetachappiJ N.V.) 

Export Financing Arrangement (EFA) 

Supplier or Buyer 

PERCENT OF CONTRACT COVERED 
BY CREDIT 

Up to 85 \ of contract price 

CREDIT PERIOD 

INTEREST RATE 

INSURANCE PREMIUM 

INSURANCE COVERAGE 

Normally S yeara. In toma catea.  7 to 
10 years. 

Commercial ratea currently vary from 9.75 \ 
to 10.25 \ p.a.  fixed. 
If end ae far aa the Export financing Arrange- 
ment  (EFA)  applies,  the interaat rata may be 
reduced to 8.5 % p.a. fixed (Auguat 1976). 

Premium percentage not available 

N.C.I1. can grant coverage of political and 
commercial rieka up to a maximum of 90 \ of 
the credit (exceptionally 95 \). 

FEES For certain buyer*a credit  : 
rtenagemant fss : 0.375 % to 0.5 % flat 
Commitment fee i 0.5 % to 1 I p.a.  payable 

monthly. 
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COUNTRY NORWAY 

GOVERNMENT INSURANCE AGENCY Garantiinstituttat for Eksportkreditt 

EXPORT CREDIT FUNDS Commercial bank 

BENEFICIARY OF CREDIT Supplier or Buyar 

PERCENT OF CONTRACT COVERED 
BY CREDIT 

Normally up to 90 \  of contract price. 

CREDIT PERIOD 

INTEREST RATE 

Normally 5 years 

Fixed rates between 9 % and 9.5 \  p.a. 
depending on credit-worthiness of the borro- 
wer and length of the loan. 

INSURANCE PREMIUM 

INSURANCE COVERÀ« 

Premium percentage not available. 

Garantiinatituttet for Ekaportkredltt will 
grant coverage of the political and commer- 
cial risks up to 90 \  of the credit. 

FEES Commitment fea : nona 
Management fea i nona 
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COUNTRY SPAIN 

GOVERNMENT INSURANCE AGENCY 

EXPORT CREDIT FUNDS 

C.E.S.C.E.   (Compania Española  de  Seguros 
de Credito a   la  Exportación) 

Commercial  bank 

BENEFICIARY OF CREDIT Supplier or Buyer 

PERCENT OF CONTRACT COVERED 
BY CREDIT 

BO  \   to   85  \   of   contract   price   in   the  case 
of a   supplier's   credit,   and 90   \   in  the 
case  of a buyer's credit 

CREDIT PERIOD 

INTEREST RATE 

Normally 5 years.  Longer maturities must   oe 
specially approved by  Spanish authorities. 

Normally a  fixed  rate  of  7.5  \  payable  semi- 
annually  in arrears. 

INSURANCE PREMIUM Premium percentage not   available 

INSURANCE COVERAGE C.E.S.C.E.  can   grant  coverage   for political 
risk   up   to 95   \  and  for  commercial  risk   up 
to 90   '-,   of  the   loan,   Depending  on   the  credit 
standing of  the  borrower. 

FEES Management fee : 0.6 \   p.a. to be paid on the 
initial amount of the credit and again on the 
outstanding at the beginning of each one year 
period. 
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PERCENT OF CONTRACT COVERED 
BY CREDIT 

CREDIT PERIOD 

INTEREST RATE 

INSURANCE PREMIUM 

INSURANCE COVERAGE 

SWEDEN 

E.K.N.    (Exportkreditnamnden; 

COUNTRY 

GOVERNMENT INSURANCE AGENCY 

EXPORT CREDIT FUNDS 

BENEFICIARY OF CREDIT Supplier or Buyer 

80  %  of  contract  price 

From 6  months   to   10  years. 

Fixed  rate  of   1Q  \  payable  semi-annually  in 
arrears  in  case 

Prsmium percentage  not   available 

E.K.N,   will  grant  coverage  of political   risk 
up to 90  % and  commercial   risk   up  to  80   \ 
of the  credit. 

FEES 
Commitment  fee   :   G.6  % p.a. 
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COUNTRY SWITZERLAND 

GOVERNMENT  INSURANCE AGENCY 

EXPORT CREDIT FUNDS 

Federal   Government   through   "Geschäfsstelle 
für die  Exportrisikogarantie" 

Commercial  bank 

BENEFICIARY OF CREDIT Supplier or Buyer 

PERCENT OF CONTRACT COVERED 
BY CREDIT 

Up  to  85   \  of contract  price 

CREDIT PERIOD 

INTEREST RATE 

INSURANCE PREMIUM 

INSURANCE COVERAGE 

Up  to 5   years  (exceptionally  up  to   10  years) 

Fixed  rates between  6 \ and   7.5  \  payable  semi- 
annually   in arrears,  i.e.   from 1.5  %  to 2.5   \ 
above  interest  ratas of medium term notes with 
corresponding  life   issued  by   the banks at  the 
date of  drawdown,   with adjustment  according   to 
the same   formula  after 5  years) 
Premium percentage  not available. 

Federal   Government   through   "Geschäftsstelle 
für die  Exportrisikogaranfis"  can  grant cove- 
rage  of   political   and commercial   risks  up   to 
95   X of   the  credit. 
For privately owned buyers   and guarantors,   the 
commercial   risk  can  be covered by  private 
insurance  companies. 

FEES None 
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COUNTRY UNITED   STATES 

GOVERNMENT INSURANCE AGENCY 

EXPORT CREDIT FUNDS 

Eximbank   or F.C.I.A.   (Foreign   Credit 
Insurance Association) 

EXIMBANK   -  Commercial  bank(s) 

BENEFICIARY OF CREDIT ^uyer.   Financing   Bank   or   Supplier 

PERCENT OF CONTRACT COVERED 
BY CREDIT 

Normally  Up  to  95   \  of   contract  price for 
good9 and services of U.S.   origin. 

CREDIT PERIOD Up to $   5 mi  lion  - normally 3-5  years on 
a supplier credit basis. 
Over % 5 million - normally 5-7 years (excep- 
tionally 7-15 years *or project credits) on a 
buyer credit basis. 

INTEREST RATE Supplier credits   :   fixed  negotiated rates 
(normally 9 % p.a.)   or  floating  rates 
(based on the U.S.  prims or London interbank 
rates]. 

Buyer credits  :   normally   via participation 
credits   : 

Lenders 

Eximbank 

\ of contract 
pries 

30-55 

Commercial bank(s)       55-30 

Interest 

8-25 \ to 
9.5 % p.a. 

negotiated 
rates 

Maximum credit 

Minimum combined 
rate 

85   % 

7.5 % p.a. 



INSURANCE PREMIUM 

INSURANCE COVERAGE 

FEES/PREMIUM 

3» - 

UNITFD STATES   (continuad) 

Fee/premium   percentage   nor   available 

Supplier credits   : 
Exlmbank  or   F.C.I.A.    (Foreign   Credit    Insurance 
Association)   can grant  coverage  of  the   politi- 
cal   and commercial   risks up   to   90  '.  of   the 
credit. 

Buyer credits    :   for  a   fee and   on  a  case-by 
case   basia.   Exlmbank   may guarantee  a   portion 
(exceptionally  all)   of   the commercial   bank(3r 
portion of a   participation  credit. 

Supplier credits  (3-5   years) 
- Exlmbank/FCIA coverage  ¡   H-6 

amount 
- Other coats 

\ of  credit 

on  a  negotiated  basis. 

p.a. 

Buyer credits   : 
-Eximbank guarantee   :   0.75  \   to   1.5 
plus  Q.125   \  p.a.   commitment   fea. 

-Other costs (including commitment and manage- 
ment fe.9 and letter of credit cownissions) : 
on  a negociated basis. 
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Compensation  deal 

Itiiti'r   trading,    U,--   originai   «cari:;   of   exonangi ng  good?;  rune-   primitiva   timen,    is  rua k i ng  a 

In' rr#'U(7   in   Kant-Wort    trai-.      T'    first    resurfaced   after  tt,e   Second   World   War   hut    it   wasn't 

i r, 11 .   ti"   Mai", y   1  '70.'   11. . t    ,i   began   •      attain   its   prenant   irnpor tance.      Because   of   its   nature, 

1 *• •   (hemieal    industry   is   par t i m ] ar 1 v   suited    t(    thin   form  of   'rade.      Although   exact    e pmpar l sons 

ai''    licking,   nim[    <-   ohser vat i(,i.   I'-ailp   t,    ific   enne ! uni en   that   moat   contracts   for   chemical   plant 

construí t i (. ri   in  r-anti-ri,  Kurope  nowaday:'   contain   provisions   for   payment    in   goods  and,   mc.ro   of'er, 

than  net,    products:    from  the   particular   plant    in  question.    The   former-   ir,   clearly   barter   trading, 

the   latter   a   specialized   form  of  it   known  as   buy-bark   or  compensât, ion  agreements. 

It   in   easy   t. <     seo  wtiv   those  arrangement FI   are   no  attractive   to   the   Kant.     They   enable 

l riduntn a 1   development   to   proceed  at   a   pace   unhindered   by  the  availability   cf  hard   currency. 

Moreover-,    preoioun   reserves   of  foreign   exchange   can   be   conserved   for   those   ovfrseas   purr hases 

for which   there   is   no  alternative.     Although   these  considerations   are  clearly  paramount,   ther" 

aro  other   beneficial   nido   efforts:      investment    in  the   Past   bloc   is   presently  geared   towards 

exportable   production and   to  have  part,   of a   plant's  output already  sold   in  the West  at  the   time 

of the  signature   of   the  contract   for   its  construction   is   the  best   proof   there   is   that,  a  market 

existí!  for  th°  product.     Having a Western  partner,   who  might  be an  expe"ienced  trading firm  or, 

in the  case  of  techno,ogv   licensors  and   sometimes  the   contractor's  parent   company,   a  producer, 

can also   help  ease   the   product,   into   a   very   highly  competitive  market. 

Attitudes  within  the   various Eastern countries  c 1 early differ as  to   the  relative  impor- 

tance of  these  factors.     The Soviet  Union,   which  sees  these agreements  as  a way to  ensure 

speedy development   of  its  vast  raw  material   resources,   nowadays  tends  to   seek  100  per cent, 

compensation  in  most,   negotiations.     Bulgaria,    it  is  said,   is so  enthusiastic about   compensa- 

tion agreements   that   it,   once asked   somewhat   ambitiously  for ?00  per  cent   compensation.     Hungary, 

on the  other hand,    claims   to dislike   them  on   principle  but  says  a Western   partner   is  necessary 

to break   into Western markets.    So   far  only  China has   led out against  them,   preferring a 

purely autarkic   pace  of development.     China   only accepted the  principle   of buyer's  credit 

comparatively  recently and   before  that  was  quite  content  to pay cash. 

In  the West,    however,   there has  always  been  resistance to  compensation  trading.     The 

reason   -hy  it  came   into  such widespread use   in  the  early seventies  was  mainly due   to  the   low 

level   of  investment    in the  West,  which  turned   the  contracting business   into a buyer's market, 

enabling  the Elstern countries to  set   their   own  terms   for repayment.     Governments   in the West 

have also  been quick  to  pursue plant   deals  at   any price,  by opening up  cheap  lines   of credit 

without,  any real   attempt   to  assess:      the  benefits accruing from  the  increased business.     This 

seems to  have  been  motivated  partly  by a desire  to accelerate  the  process   of detente and also, 

it must  be  said,    partly  for  internal   political   kudos.     Prime examples  of   the  latter are  the 

£')^0m.  credit   line   opened  to  the Soviet Union  by the  then British  Prime  Minister,   Harold Wilson, 

in V)Tj  and  the   various  trade deals  announced  by the  French government   in a blaze   of publicity 

but still   yet  to   take  concrete form. 

COMECON's rapidly rising debts to the West, estimated at some $40 billion, make further 

borrowing difficult and compensation agreements are a way out. Experts predict that by 198O 

these debts will    still  double,  which  clearly  indicates  that compensation  trade  is   here  to  stay 
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fr-   a   whi.>-   ".'••',     ini   ••V'T.    'oipani.^   which   h iv   res i •* •• ! Kin/í  th'Tni^'iv".-   int.-   these  agree- 

•ni-n's  ìr"   t-^innirn;  t>    i<    jus'   that. 

As   the   scale   and   frequency      f     orru • • n : - 'ì + i "n   igreemi-nt s   han   i no reased,   particularly  during 

the   recent   recession,   concern   han   steadily   been  raour.ting  over   their   possible   long-term   effects. 

A  number   of  authorities   are   now   ¿lennisly   worried   that   they   carry  oninnus  undertones   for 

Investment   and   employment   prospects   in Western  market«.     As   might   be   expected,   manufacturers 

whose   markets   are   likely   to  b°  affected   head   the   lint,   but   the   concern   spreads   far  wider   than 

this   to   now   include,   belatedly,   nationa.    ^ovi'rnmerits   and   trade   unions.     The   real   results   can- 

r"t   t illy  be   seen  yet   as   these   trade  deals   are  only   now  coming  to  maturity.     The   real   test   is 

.lkeiy   to   come   next  year   when  the   largest   of   them   -   the   $   PO   billion   occidental    petroleum 

fertilizer  deal   with   the  Soviet  Union  -   starts  to  come  into,   effect.     Many see   this as a  haro- 

meter   for   the   future. 

Though   serious  enough by  itself,   the   threatened   invasion  of Western markets  by imports 

from  eastern  Europe  is  merely  the   forerunner  of a much   larger   problom.     Whereas   the Eastern 

countries  are   themselves   large and   rapidly  expanding markets  which  will   ultimately be  in a 

position  to  absorb  their  own production  -   the  same  cannot,  be   said  of  the  next   large buyers  of 

chemical   plant   -   the  oil   rich middle  eastern countries.     Their  investment  drive   stems  from  the 

availability  of   feedstocks and  the  wish   to  broaden  their  industrial   base,   rather  than  the  need 

to  supply an  expanding home market.     Fed  with cheap  raw materials and   planned  with  scant 

regard   to   the   reality  of  the  growth  in demand,   exports of base  chemicals  from   the Middle  East 

could   be a  destabilizing  influence  on  the  market   for years  to  come.     (Extracted   from ECN, 

July  1977). 

Examples   of compensation deals  signed  with  the  Soviet  Union on  petrochemical   complexes 

are  shown  in Table  Qó  below. 

Actual Cases 

On  the  next   pages actual  cases  of  petrochemical   complexes are  presented. 

In  +he   first   series  of tables  the  following information are  summarized: 

Type   of  project 

Company  names 

Joint   venture  information 

Loan  origins 

Contractor  names 

Total   investment cost. 

Of  tue  caaes  summarized in  the above   tables,   the   following are  developed: 

Brazil 

Brazil 

Venezuela 

Qatar 

Turkey 

Morocco 

Portugal 

Philippines 

USSR 

COPENE 

PETROQUÍMICA UNIAO S/A 

I V P (EL TABLAZO) 

QAPCO 

PETKIM (ALIAGA) 

SNEP 

CNP EPSI  (SINES) 

PNOC APDC 

SOUZCH IMEX PORT/SO YUZiEPEX PORT 
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NOTES 

(1 ) Tons  of   ethylene 

(2) SABIC   (Saudi Basic   Industries] 

(3) UPC     (Iran  Japan  Petrochemicals  Company) 

(4) NPC       (Iran's   National  Petrochemicals   Coinpany] 

(5) NPC       (National   Petrochemical  Corporation) 

(6) French export buyer credit  promoted  by  WORMS  and BFCE Ban* 3 
led by  CIAVE Paris  with EOFACE   insurance 

(7) English  export  buyer credit  promoted  by  HILL  SAMUEL Bank   led  by 
CIAVE  London with    ECGD     insurance 

(3) C   N P   (Compania  Nacional  de Pstroquimica) 

(9) PNOC  (Philippines   National  Oil Company) 

(10) I   VP   (Instituto  Venezolano de Petroquímica) 

(11) APICOR  credit   (Arab  Petroleum Investment  Corporation) 

(12) IBRD   (International Bank  for Reconstruction  and Development) 

(13) IDS  (Inter-American Development  Bank) 

(14) French  credit   (French export buyer  credit   with COFACE  insurance) 

(15) International  export  credits   (5 or  7  foreign  export  buyer credits) 

(16) French credit   (French credit  buyer  credit   promoted  by  BNP with 
COFACE  insurance) 

(17) BNOE  credit   (Brazilain  credit) 

Í1B) French export buyer credit of USt 110,000,000 promoted by PARIS et 
PAYS BAS Bank with COFACE insurance and a French export contnefcial 
credit of USt 27,000,000 

(19)   French export buyer  credit  of US$  310,000,000   promoted by  CREDIT 
LYONNAIS within  the  framework of the  Governmental  agreement 
"FRANCO-RUSSE". 



- 395 - 

FLOJEL T CAPACITY 
T/year 

COUNTRY 
SITE 

LOCATION 
COMPANY CONTAC- 

TOR 

TOTAL 
INVESTMENT 

cost   in   US   $ 

Petrochemical  complex ALGERIA SKIKÜA S0NATRACH 
Ethylene 500.QUO tai 
PVC 3S.0OO TEC 
ven 40.000 TEC 
Xylane,   para 38.000 SNA M 
Aromatica  extraction 95.000 SNAM 

Petrochemical   complex LIBYA T0BRUK N.O.C. 1   000   000   0r0 
E thylar.e 330.0OU S   4 W 
"ityrene 175.000 " 
.-"olyethy lene  id 100.000 " 
Polyethylene  hd 50.000 

Petrochemical  complex IRAQ BASRAH M.I. 1  000   000   000 
Ethylene 138.000 Lummus/ 

Thyssen 
PVC 60.00C " 
ven 66.000 " 
Polyethylene  Id 60.000 
Polyethylene  hd 30.000 

Petrochemical complex INDIA BARODA INDIAN 300   000   000 
Gasoline  hydrotreater 110.000 PETROCHEM Engr.Ind. 
Acrylonitrlle 31.000 EI/Badger 
Benzene 24.000 El/Procon- 

france 
Ethylene 130.000 EI/Lummu9 
Ethylene   glycol 20.000 EI/SD 

thylene   oxyde 5.000 EI/SD 
Polybutadiene 20.000 EI/Polysar 
Polypropylene 30.000 EI/Technip 

DMT  and   xylene 26.000 INDIA BEN GAI- 
GAON 

BENGAI- 
GAON 

Rfy   & Pe- 
trochem. 

Engr.Ind. 

Petrochemical  complex MEXICO CANGRE- PETRÓLEOS 300   000   000 
Ethylene 500.000 JERA MEXICANOS IMP/Lummus 
Ethylene  oyide 100.000 Bufete/SD 
Styrane 150.000 IMP/Lummus 
Toluene 371.000 Fluor 
Xylene,   Meta 130.000 - 
Xylene,   Ortho 55.000 Fluor 
Xylsne.   Para 240.000 Fluor 
Polyethylene  Id 240.000 Sim-Chem 
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Foreign  Loans  required  to   Finance   the   Petrochemica1. 
Industry  in   the  Developing Countries 

In  order   to  evaluate   the   ¿mount   if   fr reign   loans  required   to   finance   the   petrochemical 

industry   in   the   developing countries,    the   first    tpproach   to   the   problem  is   to   fix   the   foreif 

currency   part   of  investment   in   relation   to   the    ìegree  of   dove 1 opmen t,   in  the    level oping count rie 

In  the   recend   piare,   the   foreign   loan  amount?  will   he   evaluate!   from   tie   foreign  currency 

par't s. 

Evaluation  of Local  and  Foreign Currency  Porti jns 

Petrochemical   industry   investili at cost   breakdown 

The  petrochemical   industry investment   cosit   breakdown   is  as   fol lews: 

Percentage 

Material   and   equipment FOB 

Transport   FOB   to  site 

Erection works 

Civil  works 

Engineering   services 

TOTAL 100 100 100 

Local and  foreign currency portions 

As indicated in   the above  table,   the  breakdown between  the   local and   foreign  currencies 

will   depend  mostly  on  the  capability of  the developing countries   to manufacture  equipment and 

perform erection works. 

In a   first approach,   the  developing countries can be   classified according  to   throe 

industrialization levels  depending on whether  their industrial   development   started: 

during the   last  ten years 

at   leaBt  ten years ago 

at   least   fifteen years ago. 

Other  criteria  have also  influenced  the   level  of industrialization in  the  developing 

countries,   such as  the   relative degree   of development  of  the  different industrial   activities. 

The  local and  foreign currency portions evaluated  for  three  industrialization  levels are 

shown below. 

From To Average 

50 ÎS 4-1 

5 5 5 

?0 '0 ^ 

10 15 1 \ 

15 15 15 
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Material   and  equipment  FOB 

Transport  FOB  to  site 

Erection worKs 

Civil worKs 

Engineering  servicea 

Average   local   currency   portion 

<10 years 
From 10 

to 15 years 
>15 years 

(1) (2) (3) ( 1 ) (2) (3) (1) (2] (3) 

42 0 0 42 20 8.5 42 45 19 

5 50 2.5 5 50 2.5 5 70 3.5 

25 36 9 25 60 15 25 90 22.5 

13 92 12 13 100 13 13 100 13 

15 10 1.5 15 20 3 15 45 7 

100 

on 25 

100 

42 

100 

65 porti 

Local   currency  variations     15 to  35% 35 to 50% 

Foreign   currency   variations 85  to   65% 65   to   50% 

50   to  80% 

50   t     20% 

( 1 )      investment fvUce bie.ak.doum 

(2) local cwuiency value 

(3) •   (/)  x (?) 
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Total   Fcn-ifH".  Loan Amounts   -"qui reel   t ,i  Finance   t h>-   Peti-ochei,,.    i'.   Industry in  the 
Developing Countries 

Evaluation   of   forcipi  curcncy  amount;' 

Ti l r   • vi . .a ' i   i    i .•   ma '..•   '.'   :    * !       y 

ir,  • na' t -T    "... . ' . 
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Appendix I 

ENVIRONMENTAL PROBLEMS  IN THE PETROCHEMICAL INDUSTRY 

Summary 

This  presentation is designed to give an overview of environmental 

problema  in the petro-chen.icals  industry and their effective management. 

It is intended  for those technical  persons responsible for planning and 

managing petro-chemicals plants  in developing countries.    An environ- 

mental  impact  evaluation procedure raises the key environmental questions 

that should be dealt with in the initial stages of planning a new petro- 

chemical  plant.     Pollution regulations and the importance  of maintaining 

pollution control  standards are briefly discussed.     Sources are given for 

detailed regulations as applied by developed countries. 

The  problems of air and water pollution are covered  in depth,  as are 

the technical means of combating these problems.     Economic costs  of reducing 

pollutant  emission levels are indicated for many air pollution solutions 

used in certain chemical  processes,  and the overall costs of treating plant 

waste-water  in activated sludge and anaerobic-aerobic treatment procedures 

are given. 
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.-.VALUATINC TIC':  niNVIHOiJMrOTAL  IMPACT OF A   Nn'W   HOTHOCKKMICALS   PLANT 

The  purposes  of evaluating environmental   impact  are two-fold: 

( 1 ;     To prevent the deterioration of natural   resources,   such as the river 

which  is to receive plant  waste  waters,   so that  these resources can 

continue to provide a basis for  further  economic  development;    and 

(2)     To give  ample  warning  of deleterious  side   effects   of the  projects, 

which  ma"  result   in economic  or   social  costs  not   normally   identified 

in the  project   review procedure. 

The   following guidelines,   adapted   from General   Heference  1,   are applicable 

from the  raw material  phase  of a project through construction to the final 

disposal   of the material  produced.    The definitions  of guideline  steps are: 

1, 

2. 

3. 

4. 

5. 

6. 

7. 

9. 

Haw materials  linkage:     Considerations  from extraction or arrival   in 

country to project  under evaluation; 

Site assimilative capacity:    Present or baseline analysis  of air,   land 

and  water carrying capacity to determine   original  conditions and project's 

effects ; 

Project design and construction:     Analysis  of alternative  possibilities 

for unit   operations and  energy  sources; 

Operations:    Maintenance  of project and  monitoring (analysis of outputs, 

including byproducts and wastes   for treatment  and  reuse;     monitoring 

waste discharges); 

Social  aspects:     Social   implications of project; 

Health aspect a:    Safety and welfare of population affected by plant; 

Final   resting place:     Recycling,   reuse  or assimilation of product  and 

future  product s ; 

Long-term considerations:     Plant  expansions; 

Optimization:     Cost analysis of alternatives. 

The environmental  impact  procedure is presented  in part through the 

pesing of key  questions to the planner or engineer in the developing country 

who  is responsible for project planning. 
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•'tep   i;     Raw materials   linkage:     This step  includes  environmental 

considerations   from the   orifina',   extraction of the   raw material  to the time 

it  enters  the  projected   plant.     If the material   is   an  import,   the   linkage 

may   start   with   its  arrival   in the country.     The  raw  materials would   include 

all   organ c materials,   such  as   lir-uid,  solid and  gas  fossil   fuels,   and  other 

organics  not   used   for   fueling,   including crude  oil. 

An  example  of the   linkage can be seen   in a decision  to  fund  a naphtha 

cracker  to  produce  feedstock  for  polyethylene.     The   linkage  would   begin with 

the drilling of a well   or with the arrival   of the crude at   the seaport,  go 

through   the refining process to separate the naphtha  fraction by distillation, 

and then  follow on to the building of the cracker,   which   is the actual  project 

under  construction.    The   particular problems to  be  considered   in this   linkage 

would  be  oil  spillage,   oil  storage and transportation,  and  the  refiner;/ 

operations.    The refinery would  produce a range  of gases,   liquids and  solids, 

of which  the  naptha feedstock would be only a small   part.     I'lans  for the 

treatment and disposal   of the full  range  of waste materials  should be 

formulated at  the  same time. 

Question   1a. 

Does a comprehensive development plan  link the  project  to environmental 

aspects  of raw materials,  byproducts utilization,   shipping and  processing? 

•itep 2:     òite assimilative capacity:    The  purpose   of this  guideline  is to 

analyse  and  interpret  the natural  resource characteristics  of a proposed site 

for ability to sustain an  industrial project's environmental   irrpact.     environ- 

mental   parameters relating to water,  land  and air  should  be  inventoried and 

interpreted to indicate  likely  project  impact  on the   local  ecosystem.     Direct 

and  indirect  effects  should be assessed within the  guideline  framework both 

for the   local  site as well  as the regional  environment. 

-Site assimilative capacity  should not  necessarily be constrained  only to 

the  localized  environmental  impact  of an  industrial   project.     Local   and regional 

natural  resource characteristics  such as the river  which will receive project 

waste waters  should be assessed  for assimilative capacity,     iToposed  settlement 

patterns generated by an  industrial project  should  be compatible with the land 

and its related resource charactertica,  e.g. basic   infrastructure,  such as 
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water supply,  sewage and  sol id waste disposal,   road  layout  and design.    Land 

stability  for housing construction and  other land use  settlement criteria 

should be considered part   of the  site assimilative capacity  guideline. 

Question 2a. 

Have alternative sites  or locations of the plant  been considered in an 

effort to avoid or mitigate  environmental degradation? 

Question 2b. 

Have hydrologie,   geologic,  seismolog1cal,   and meteorological studies of 

the  site been made to anticipate and minimize possible damage  to humans,   fish 
and  wildlife resources  and  vegetation? 

Question  2c. 

Will  environmental  considerations,   including present  human  land-use 

patterns  in the vicinity,  be   incorporated as appropriate   into the selection of 

technology,   the location,   scale and the design  of the  plant? 

2Ì2£j:     Reject design and  construction;    This  step includes the decisions on 

basic  processes to be  used   m the projected plant,  the  source(s)   of energy for 

power and  heat,  and the supply 0f air and water.    The  environmental aspects of 

any projected plant   start  with the decision to use a particular process. 

Analysis  of sources  of energy  should consider materials  available in the area 
in addition to the traditional  supplies. 

Question 3a. 

What  features for environmental protection will be  incorporated in the 
design and  operation? 

Question 3b. 

Will construction personnel be exposed to unique local health problems, 
or will they  introduce diseases? 
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.uestion 3e» 

Ts there a comprehensive construction plan that  takes  into account 

ecological   factors? 

question 3d» 

Are road  patterns,   land  excavation,  fill  sites,  refuse disposal  activities, 

etc.   planned to minimize damage to the natural  environment? 

Question 3e. 

What  provisions have been made for restoring sections of the construction 

area? 

r>tep 4:     Operations;    The most   important consideration  in waste management   is 

that  the alternatives be  planned to fit with the plant   processes  and the  site, 

llmphasis  should be placed  on  reuse  of waste materials  or  sale as byproducts 

whenever possible,  and discharge into the natural  ecosystem should be considered 

as a last  resort.    If discarded,  adequate waste treatment  should be provided. 

In this way,  treatment  is not  the complete pollution solution;     rather  it   is a 

part  of the solution. 

An  important  objective  is to develop and maintain a project  administrative 

framework capable of monitoring the performance of process and control devices. 

jtaff structuring should  include expertise in environmental  engineering pertinent 

to the proposed  industrial   projects. 

environmental  functions  include monitoring systems  of materials  flow from 

raw material   input to final   product  output to ensure that design tolerances are 

maintained,    environmental  data would be compiled and analysed to monitor 

deviation  from baseline  (starting)  conditions and the approach   to the thresholds 

of ecological carrying capacity.    An environmental  engineering staff would  serve 

in evaluating a change  in process technology or industriel  project  expansion. 

Project  quality control criteria could include an active assessment  of the 

cumulative effects of waste  streams. 
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The monitoring would  include both chemical  and biological  activities to 

identify trends away  from the baseline study  of the site,     environmental 

"Derations would  also  include maintenance,   monitoring,  education  for safety 

and environmental  awareness,  and possibly research and development   for future 

work to assess the  impact  of plant  expansion. 

Question 4a. 

Will unloading and  loading methods of handling petroleum and  petro- 

chemicals incorporate human and environmental  safeguards? 

Question 4,0« 

What are the dangers of an explosion or spill  of hazardous materials? 

Question 4c. 

Will contingency plane,  including manpower and materials, be available to 
cope with accidents? 

Question 4d. 

Has adequate attention been given to the design and construction of safe 

storage facilities  for hazardous materials? 

Question 4e. 

Will provision be made to prevent liquid  losses during storage,  utilizing, 
for example,   floating roof tanks? 

Question 4f. 

What types and  quantities of effluents  or particulate emissions will the 
plant produce? 

Question 4*. 

Has pollution control equipment been planned? 
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wuestion_4_h. 

Will  the discharges of effluents and  sludge into water bodies be compatible 

with other present   and  future uses of the receiving waters,  particularly during 
periods of minimum  stream flow? 

Question 4i« 

fill  effluents  enter ini o synergistic  effects with other elements? 

Question 4, j. 

Will effluents contain toxic materials'? 

question ^k. 

If effluents are to be discharged directly or indirectly into a water body, 

have studies been made of the physical and e nemicai properties  of the receiving 

water,  such as temperature, current patterns,   flow rates, dissolved oxygen, and 

presence of organic chemicals? 

Question 41. 

What are the expected effects of effluents on water supply  sources down- 

stream, algae growth,  and invertebrate and  fish populations? 

Question 4m. 

How will   plant  effluents and emissione be controlled and monitored? 

Question 4,n. 

What control  techniques will be employed to remove toxic materiale  from 
effluents? 

Question 4o. 

If solid  wastes are produced, what disposition will be made  of them? 
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Question ¿}p. 

Has the  recycling of solid  wastes  been considered? 

Question ¿}cj. 

What  provisions  have been made for  training plant   operators   in 
environmental   protection? 

Question l\r. 

Will odourebe controlled? 

Ste^:    Social aspects;    This  step previews social implications  for the 

environment  generated by the project  investment,     ejects  employing a lar^e 

labour force during construction and  operation influence  in-migration of 

populations,   thus affecting land-use patterns. 

Locational  requirements associated  with the  in-mi^ation of a  labour force 

and  its  families'   impact  on land-use patterns should be  evaluated  in the  light 

of available  food,  water,  shelter,  medical  services,  and  accessible transporta- 

tion  systema,   based on  local  institutions,  mores and customs. 

Guidelines assessments should generally preview the   land and  its related 

resources,   identifying the ability of the area to  sustain development pressures 

generated by habitation patterns characteristic  of local  cultural  preferences. 

Attention to these potential problems can result  in minimal  social disruption. 

Question *5a. 

How and to what degree will the presence and operation of the plant alter 

the size and economic activities of the local population? Will urban problems 
be created or accentuated? 

Ste£_6:     Health aspects:    This  step deals with the need to monitor and maintain 

the health and welfare of project  employees, and local and  regional  population, 

adjacent to the project  facility.     In-house safety procedures can be designed 

to include employee education.    Job specifioations should  stress safe work habits 
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Clear and concise management  policy  statements should stress  safety in 
operations. 

Product  safety hazards,   implicit  and  explicit,  should be clearly defined 

for consumer protection.    Attention needs to be paid to petrochemicals  for 

consumer  use.     Pollution vectors - water,   land and air transport  - should be 

closed  or minimized where  local  and  regional  health may be  endangered. 

Question 6a. 

Will the plant produce omissions that  will directly or indirectly be 
detrimental to health? 

Question 6b. 

Are new health problems' likelj  to occur? 

Question 6c. 

What  measures have been taken to ensure a programme of employee safety 
and occupational health? 

Question 6d. 

Will plant employees and their families b« provided with a system of 
health care? 

2Ì£E_1:    Final resting place:    This step is considered in the overall evaluatic 

in a manner similar to the raw materials  linkage.    Everything ends up someplace» 

there is no such thing as ultimate disposal.    The step can be as complicated as 

a mercury  flow chart  locating every gram of the metal,  or it can be as general 

as a discussion rf paper showing the amount to be recycled  into pulp, the amount 

to be saved,   \M the amount to be land  fil lei.    The step is  important because 

every disposal technique has a cost  associated with it.    The disposal cost may be 

high because the substance is nondegradable  or because a product   is toxic.    All 

these costs require evaluation. 

Lon 
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A  plant  producmg polyvinyls 1 onde can serve as an example.    This non- 

biodegradable material  i8 resistant   to ^paction,  and  large amounts can not 

be  easily  handled  in sanitary  land   fills  or compost  heaps.    Alternative means 

of disposal   such as salvage  or high  temperature incineration must  be considered. 

The costs  of disposal  of solid,   liquid and  gaseous wastes  from the plant  itself 
have to be considered. 

3teP 8:     Long-term considerations!     Plant expansions. 

Question 8a. 

I- an expansion of facilities  envisioned and,   if BOf  how will   it  affect 
the  environment? 

Question 8b. 

How wall  future projects fit  into the environmental context  of present 
piant  operat i one ? 

3ie£_2:    Optimisation:    Costs must be analysed for the various alternatives 

for wastes disposal.    Costs for protecting environmental values and natural 

resources  require that traditional costing procedures must be augmented.    The 

previous steps have called attention to information requirements which are 

reviewed  in the last  step.    Choices  of  industrial  processes will   all be 

associated with different costs.    Since there will be considerable variation 

fr«n  project to project  in terms of amounts and kinds of costs,   the aim in 

these guidelines  is to establish concepts which guide the  judgements to be 
rendered. 

Por example,  incurring the costs  of avoiding river pollution may avoid 

the cost  of a water treatment  plant downstream to render water potable,   or 

may allow the use of the ecological  carrying capacity of the river for a more 

productive enterprise or for public  recreation,   for tourism or  fishing. 

The costs can be generally  identified by following through  the  information 

in the guidelines.    Whether these costs are borne by the project   or by society 

is a matter for discussion and  negotiation  in each case.    Often the  social 

benefits from a project will  outweigh the social costs so that the net  judgement 

for the project  is positive,  and the assignation of the costs  is accepted by 

society.     Historically, this has  often been true,  but recent changes  in public 

values and  strategies of economic development  require a reassessment  of the position. 
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In  sumnary,   the environmental  guidelines  for appraisal   include a broad 

p-rray of concerns.    These are designed to  assess costs that  would  result   if 

projects were to  impair the future productivity of a country's natural  resource 

base or result   in other adverse side  effects  of investments.     As   indicated  ir, 

the nine  steps  of analysis,  the  impact  of  investments on the human environment 

requires a  systematic and integrated  view  of projects which  focuses  on materials 

flow within production processes and  outside the plant. 

Proceeding through the nine steps  from the raw materials  linkage to 

optimization calls attention to the   interrelationship between choice  of process 

and recycling and reuse potential,  between plant  location and  urbanization 

issues,  between waste management and  process design.    These connections are an 

affort  to  persuade the project manager to design an integrated project  which  is 

sensitive to environmental needs. 
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t-üLUJTIOI-i  REGULAT I ON o 

In recent years, more and more countries have expanded or adopted new 

environmental legislat ion. Governments have created official bodies which 

are   responsible   for the  elaboration  of new   legislation  and  the  application 

and   enforcement  of regulations.    As  a guide  to  present   practice,   a 
1 2/ 

comprehensive  listing of air  quality^and  pollutant  emission—'standards 

from a number of countries,   including the USA,  the USSR,  Japan,  and  several 

European countries,  can be  found  in a recent  World Bank publication-*; 

Criteria for maximum concentrations  of various water pollutants in public 

waterways are also found in that reference. 

A  specific problem of the developing countries  in carrying out the 

function of environmental  protection utilizing specific  regulations  is a 

lack of experience.    A  large number  of the developing countries,  never having 

had to face these environmental problems due to industrial  pollution,  have no 

specific  regulations at hand.     Such  regulations are,   however,   indispensable 

to the contractor for the design of pollution control  systems and  should 

therefore be  in effect  at the time the tender documents are  sent  out.    Thus, it   is 

recommended that  the  particular ministries concerned,   such  as  industry,  health 

and development,  should draw  up the relevant  regulations,   referring as necessary 

to the  experiences  of other countries cited  in the previous  paragraph. 

—'An air quality standard requires that  the concentration of a pollutant  in the 
atmosphere at the  point  of measurement  «hall  not  exceed a specified amount. 

2/ —'An emission standard requires that the amount  of a pollutant  emitted  from a 
specific   source shall  not   exceed  a specified concentration. 

•^General  rieference 1.    This reference is available free upon writing to the 
Office of Environmental and Health Affairs,  The World Bank,   1818 H Street,  NW, 
Washington D.C.  20433, USA.  The material was originally published in Reference 2. 
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AIfí  AND  WATER   fCLLUTION   HfOBLIÌTC   IN TH1-:  FLTFiOCHKMICAI-  INDUSTRY 

The main environmental  problems caused by the petrochemical industry 

are air pollution and water pollution ßj.    Disposal  of solid wastes is a 

lesser problem.    Consequently,  the  latter is mentioned  in the text in 

conjunction with the air or water pollution control device which gives rise 

to a solid waste requiring disposal. 

AIR POLLOTION 

All US dollar references to costs of air pollution control  in this 

section are  1973 dollars. 

There are more than 200 different petrochemioals produced in large 

volumes  in the world.    It  is obvious that the need is to control emissions 

from the processes which are the largest tonnage, fastest growing and which 

produce the greatest volume of air pollution or especially toxic pollutants. 

There are 32 chemicals produced by 41  processes which require special 

control.    Several  of the chemicals are produced by two or more processes 

which are sufficiently different to warrant separate study.    These are: 

Acetaldehyde  (2 processes) 

Acetic acid (3 processes) 

Acetic anhydride 

* Aoryloni*.rile 

Adi pic acid 

Adiponitrile  (2 processes) 

* Carbon black 

Carbon disulfide 

Cyclohexanone 

Dimethyl terephthate and terephthalio acid 

Ethylene 

* Ethylene dichloride (2 processes) 
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* Ethylene oxide (2 processes) 

** Formaldehyde (2 processes) 

Glycerol 

Hydrogen cyanide 

IsocyaAAl.es  (Toluene di-isocyanate, 
methylenediphenyl-isocyanates and 
polymethylene polyphenyl-isocyanates) 

Maleic anhydride 

Nylon 6 

Nylon 6,   6 

"0X0" alcohols and aldehydes 

Phenol 

* rhthalio anhydride (2 processes) 

Polyethylene (high density) 

Polyethylene (low density) 

Polypropylene 

Polystyrene 

* Polyvinylchloride 

Styrène 

Styrene-butadiene rubber 

Vinyl acetate 

* Vinyl chloride 

Those 12 chemicals and processes marked with an asterisk are those 

c».usii^ thî, most severe air pollution problems and are therefore discusse«.' 

first ßj.    Following that section are briefer discussions of air pollution 

problems caused by production of the other 29 chemicals ßj. 

The  12 Host Severe Polluters 

( 1)    Acrylonitrile 

The primary commercial route to acrylonitrile  is the aamoridation of 

propylene.    Generally, a fluid bed catalytic process is utilised. 

Air pollutants from the process fall into four categories: 

1.    Hydrocarbons - paraffins  (20$), olefins, nitriles (4$); 
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2. Carbon  monoxide  (50$); 

3. Oxides of nitrogen - these are produced rainly from incineration 

of by-products and waste (3$); 

4. Particulates - catalyst fines  (trace). 

Total  pollutants emitted by this  process range between 0.25 *nd 

0.35  lbs/lb of acrylonitrile produced.     In the United States in  1973, total 

emissions amounted to 400 million pounds per year.    Presently,  there is a 

change in catalyst  from one based on uranium to one based on bismuth and 

molybdenum.    Use of the new catalyst  is expected to reduce overall  emissions 

by one-third. 

The main vent from the absorber is the chief source of air pollution in 

the process.     Plants normally use a mist eliminator to minimise the carry- 

over of water (the absorbing medium)   into the venting stream.    However, none 

of the current manufacturers in the United States emplojBany additional air 

pollution control devices on this stream.    In the design of new plants,  some 

form of incineration should be designed  for the effluent from the main 

absorber vent.    Absorber vent gas incinerators could reduce overall plant 

pollution by 90$,  except that there will be an estimated 50$ increase in 

emissions of nitrogen oxides. 

The installation of a thermal incinerator on the absorber vent of a 

200 million lbs/year acrylonitrile plant will cost an estimated $350,000. 

The annual  operating cost  of this unit  is estimated to be $136,000. 

An incinerator for by-product waste would require a capital investment 

between $200,000 and $400,000. Operating costs will be between $50,000 and 

$70,000 par y»ar depending on capacity. 

Incorporating these pollution control measures will result  in a reduction 

of about 6$ in profit before taxes.    Applied to United States'   industry, this 

would represent a reduction in return on investment from 8.5$ to approximately 
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(2)    Carbon Blaok 

Hx.torically, carbon black producing plants were characteriaed by a 

black plume rising frwr, th. smoke stack -d visible for miles.    m the 

Unxted States and Euro,,     th« carbon black producers have made great 

progress to reduce peculate missions from their plants.    Efficiencies 

of particulate removal now exceed 99* with the advent of new designs for 

bag filter, and the development  of new quality füter cloth.    The  inclusa 

of these particulate removal devices should be a part of every  new carbon 
black plant. 

Another major pollutant is carbon monoxide, typically emitted at a 

rate equal to about  1.3 lb./lb of carbon black produced.    Common practice 

in th. United State, and Europe i. to incinerate this materia      The 

estimated capital requirements of approximately Si million is required per 

cation unit for a new carbon black plant of annual capacity of 90 million 
ID.. 

It i. animated that th. carbon black industry in th. United States 

would, in 1985, «nit about 6.5 billion lbs. of carbon monoxide if no 

oTr^r" PrmC'1Cad*    lDCine~tiOT e» ~*" «*• -i«i- to about 
0.6 billion lb., per year.    Another half billion lb., of particulates is 
alio projeoted to be emitted. 

Th. ..timated profit for carbon black manufacturer, is relatively small. 

in 1974 in the United State., average production cete were 6.54c /lb a* 
the selling price wa. 7.25c /lb.    Any ^^ ^^^ tw 

ncluding thermal incineration of vent gas would r..ult in an estimated 2* 
inerme in the production coat of carbon black. 

(3) + <•)    Ethjlana DiohloTHH. (2 proce....) 

AW all production of ethylene diohlorid. take. pl.ee in large plants 

«Ploying a bala-cd combination of two proc......    One proce.. i, the direct 
chlorination of thyl«. ^h chlorine.   ^ i8 . ^^   ^ ^ ^ 

than u.ad a. f-d for th. ..cond proce.., oxychlorination, where ethylene, 

hydro*« chloride and oxygw react to form ethylene dichloride. 
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The major source of emissions from the direct chlorination process is 

the HCl  scrubber vent.    Both chlorinated hydrocarbons and  light hydrocarbons 

are emitted to the atmosphere from this source.    More modern plants employ 

a condenser to recover some ethylene dichloride before the  stream enters the 
scrubber. 

Some storage losses of ethylene dichloride occur because Btorage tanks 

often have simple vents to the atmosphere. However, these losses are small 

because of the low vapor pressure of ethylene dichloride. Estimated losses 

are about 0.0006 lbs/lb of ethylene dichloride produced. 

Average overall emissions for the production of ethylene dichloride are 

about O.035  lbs/lb of ethylene dichloride produced.    Over half of this total 

represents chlorinated hydrocarbons and about  20/» each is due to ethylene 

and carbon monoxide.    To reduce emissions, incineration could be carried out 

on the main process vent.    If supplemented by scrubbers, total emissions 

could be  reduced 98$.    However, this control  technology has not been 

demonstrated commercially.    The main problem is that incineration of 

chlorinated effluents produces hydrogen chloride.    This is corrosive to metal 

at high temperatures. 

A capital investment  for the thermal  incinerator, a scrubbing system and 

supplemental equipment will be about  1.2 million dollars.    Operating costs 

are estimated at $400,000 per year.    These are estimates for a 700 million lbs 
capacity plant. 

Incorporation of these pollution control devices in an American industry 

would result in a 25$ reduction of net profit after taxes.    A 2f° price increase 

would restore the net profit and most of the return on the investment. 

(5) + (6)    Ethylene Oxide (2 processes) 

Two general types of direct oxidation pr00esses are in general use for 

ethylene production.    One process uses air as the source of oxidant and the 

other uses high purity oxygen.    Ethylene is oxidised in both oases to ethylene 

oxide.    In general, the air pollutants from both processes are chiefly ethylene 

and ethylene oxide.    In the case of the air oxidation proceas,  some producers 

incorporate a catalytic converter on the main process vent.    The vent stream 

is thereby heated to a sufficiently high temperature for UM in the gas turbine 
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driver of a procesa compressor.    Overall,  air pollutants from air oxidation 

plantB are about  0.029 lbs/lb of ethylene oxide prodded.    Por oxygen 

oxidation plants,   estimated air pollutants are about 0.012  lbs/lb of ethylene 

oxide produced.    If methane is added and the vent gas burned,   air pollutants 

are reduced to 0.004  lbs/lb of ethylene produced.    The trend   in the industry 

is to reduce emissions and  recover energy using the technology described. 

Por a 200 million lbs per year oxidation plant,  an estimated 8250,000 

of capital equipment would be required to install a catalytic   incineration/ 

gas turbine system on both the main process vent and the CO    purge vent.    After 

taking credit for energy recovery,  the net  operating costs would be about 
$7,400 per year. 

In summary,  this  industry can reduce emissions and conserve fuel without 

significant financial burden.    Air oxidation plants can accomplish this 

utilising the demonstrated technology of a catalytic converter and gas turbine 

on the main process vent.    Oxygen oxidation plants can add methane and 

incinerate the off gas. 

(7)    Formaldehyde (Silver Catalyst) 

The production of formaldehyde from methanol using a silver gauze catalyst 

is one of the two principal commercial methods of synthesis.    The reaction 

mixture of methanol  and formaldehyde is passed into an absorber  liquid which 

is an aqueous solution of 2o$-30$ formaldehyde and 20?o-22$, methanol.    Contact 

takes place in a packed tower.    Uncondensed vapors and non-condensibles are 

withdrawn from the top of the primary tower and blown into a secondary absorber. 

The secondary absorber recovers the major portion of the non-condensed vapors. 

Distillation produces pure methanol and about a 37$ aqueous solution of 
formaldehyde. 

Th« emissions fro» the absorber vent constitute the most  important source 

of air pollution in the production process.    Emissions from this vent are as 
follows: 
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Component lbs/lb of 37$ formaldehyde solution 

Formaldehyde 0-0,001 

Methanol 0-0.004 

Methylformate 0-0.008 

Methylal 0-0.001 

Some emissions occur from the vacuum source exhaust of the distillation 

column« 

A sieeable source of emissions can occur during start-ups of the 

production unit but these may  only occur once a month  or so. 

Total   emissions for this  process are, on the average, about 0.022 lbs/lb 

of 37$ formaldehyde.    Of this total,   over 80$ is carbon monoxide.    A plant 

equipped with an efficient  incineration device would emit practically no 

carbon monoxide and very little hydrocarbons.     If the waste gas stream were 

used as a fuel supplement, a great fuel gas savings would also result.    The 

estimated capital cost of installing the necessary equipment on new plants is 

less than $50,000 per plant.    The net pollution abatement cost would then be 

very little. 

(8)    Formaldehyde (Mixed Oxide Catalyst) 

A Becond process for formaldehyde production is presented because it  is 

equally common and neither appears to have any significant advantage.    The 

second proceBS also utilises methanol as a raw material   in an air oxidation 

process.    However, the proceas utilises a mixed metal  oxide oatalyst and  a 

methanol lean  feed mixture.    Air pollutants from the mixed oxide catalyst 

system are  formaldehyde, dimethylether, methanol and carbon dioxide.    Essentially, 

no oxides of nitrogen or sulpfwr or particulates are emitted.    Presently,  total 

air pollutants are about 0.04  lbs/lb of 37f° formaldehyde.    If the main vemt 

stream from the reactor is recycled,  emissions can be cut in half.    In both 

oases, carbon monoxide accounts  for about 0.016  lbs of pollutant per lb of 

37$ formaldehyde.    It should be noted that all plants have a water scrubber 

on the main process stream before it is vented to the atmosphere or recycled. 
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Calculations indicate  employing a thermal incinerator for emissions 

would reduce the overall  air pollution released to about 0.001   lbs/lb of 

37°i formaldehyde.    At   1973  prices, these incinerators installed in plants 

of  100 million lbs per year capacity would cost approximately $54,000 each. 

However,  nearly $40,000 would be added in fuel cost  per plant. 

(9) + (10)    Phthalic Anhydride (2 processes) 

Two commercial  processes are presently utilised  for producing phthalic 

anhydride.   The older process is based on naphthalene whereas the newer 

process is based on ortho-xylene.    In general, air pollutants from both 

processes consist  of organic acids and anhydrides,  hydrocarbons and carbon 

monoxide plus some particulates which consist of heavier organic materials. 

Also,   ortho-xylene plants  have some sulphur oxide emissions resulting from 

the addition of sulphur as  a catalyst activator and nitrogen oxide from waste 

incinerators. 

Average air pollutants produced by the  ortho-xylene process are about 

0.10 lbs/lb of phthalic  anhydride produced.     Pollutants emitted by the 

napthalene process are about O.O55 lbs/lb of phthalic anhydride produced. 

Most ortho-xylene plants have some form of pollution control device. 

This is either a main procese vent  gas incinerator (sometimes with heat 

recovery)  or a main process vent gas scrubber followed by a scrubber water 

incinerator.   Some incineration of fractionation wastes is carried out. 

Control of organic particulates such as phthalic anhydride, maleic hydride 

and benzoic acid can be efficiently carried out using either a scrubber or an 

incinerator on th* mai;: process vent.    An incinerator is the most efficient 

control device to simultaneously reduce emissions of particulates and carbon 

monoxide.    If a water scrubber íB used in ortho-xylene based plants, a ÇOfo 

reduction in particulates would be achieved.    However, no significant reduction 

in carbon monoxide emissions would be achieved.    Overall, emissions would be 

reduced to about 0.1  lbs/lb of phthalic anhydride if main vent sorubbers are 

used followed by a combination of water and fractionation waste incinerators. 

There is no presentation  of most  feasible emission control schemes for the 

napthalene based plant because the process is not expected to expand.    However, 

current practice is the use of either a scrubbing system or an incineration 

system.    This accounts for the relatively low levels of air pollutants emitted 

by this process. 
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Costs of installing the various pollution control devices on a new 

130 million lbs per year ortho-xylene based plant  are the following: 

Scrubber on the main process vent  followed by incineration of scrubber water 

and fractionation wastes:    capital costs - $1,450,000;   operating costs - 

$420,000.    This represents about   13$ of the total   invested cost  in the 

factory. 

A dual  incineration system can also be installed whioh will also 

minimise carbon monoxide emissions.   Total air pollutant discharge would 

be reduced to about O.04 lbs/lb of phthalic anhydride with the dual 

incineration system.   The dual incinerator system with waste heat recovery 

would require about $1,400,000 in capital investment. 

(11)    Polyvinyl Chloride 

Included in this class of materials are copolymers of vinyl chloride 

with small amounts of vinylidene chloride, vinyl acetate, ethylene,  propylene 

or aorylates as well as the homopolymer itself. 

The air pollution emissions discussed here are based on data that were 

reported prior to August   1974.    In January,   1974,  vinyl chloride monomer 

was reported to be carcinogenic.     Since that time,   industry has  reduced 

fugitive losses as well as vinyl chloride in proceas vent streams. 

Pour processes are used to produce polyvinyl chloride.    These are: 

i) suspension polymerization;  ii)   emulsion polymerization; iii) bulk  polymerization; 

and iv) solution polymerisation. 

Of the four processes used to produce polyvinyl chloride,   air emissions of 

vinyl chloride are lowest  for the  solvent polymerization whereas highest 

emissions occur from emulsion polymerization.    For the suspension process, on 

the average, air pollutants consisting of polyvinyl chloride dust  from polyvinyl 

chloride processing are O.OI75 lbs/lb of polyvinyl chloride produced.    Vinyl 

ohloride emissions average 0.0345 lbs/lb of polyvinyl chloride produced for this 
process. 
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Pollution sources 

1«       Vent from the vinyl chloride recovery Bystem - All the  vinyl chloride 

vapours drawn from the stripper and the reactor are compressed and 

condensed to recover unreacted monomer.    This is a major emission source 

because  of the high concentration  of vinyl  chloride.     Emissions can be 

reduced  by condensing under pressure and  low temperatures and by using 

a vent  scrubber or carbon adsorber.     Losses range between 0.001 to 0.01   lbs 

of vinyl chloride/lb of product* 

2. Dryer stacks and miscellaneous solid handling - Tf stripping of vinyl 

chloride  is done  poorly,   over 20% of tha total emissions can occur here. 

This is a difficult stream to control with  a pollution control device 

because  of the high volume of air.     Particulate polyvinyl chloride 

emissions result   from solids handling.    Particulate emissions can be 

reduced with cyclones and bag filters.    Losses range between O.OOO5 to O.006 

lbs of vinyl chloride/lb  of product| 

3. Centrifuge vent  - The centrifuge vent  is associated with the suspension 

process.     Losses  range between 0.0OO01 and  O.OO4 lba   of vinyl chloride/lb 

of product ; 

4.      Blend tank - Blend tank emissions are only  found in the  suspension and 

emulsion polymerization processes.     Vinyl chloride losses range between 

0.0001 and O.OO7   lbs/lb of product; 

5«       Unloading and charging facilities - Some emissions always result from 

unloading operations and from the charging of reactors. Reported losses 

from these sources range between O.OOO4 - O.001 lbs of vinyl chloride/lb 

of product ; 

6.      ReactorB - A frequent reactor emission occurs when the vessel  is p'"0cja 

and during cleaning.    If no equipment  is provided to recover viiyl 

chloride  from the reactor vent, the vinyl chloride emissions can be as 

high as O.O4 - 0.08 lbs/lb of product.    Efficient recovery operations can 

reduce the vinyl chloride emissions to as low as 0.OO1   lbs/lb of product ; 

7»      Fugitive emissione - Fugitive emissions can occur from safety valve strippers, 

pumps, filters and so on.    Average fugitive emissione for the suspension, 

emulsion,  and bulk processes are similar (O.OO5 - 0.01   lbs of vinyl chloride/ 

lb of product).    Fugitive emissions for the solvent process are much lower. 
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Total reported air emissione   for various  polyvinyl chloride plants vary 

over a wide range.     Variation is  partly due to differences  in processing 

schemes and the amount  of emission  control   equipment  utilized. 

Model plant 

A  proposed model  plant would  utilize the  following devices  and procedures 

to reduce vinyl chloride emissions: 

1. Improved stripping; 

2. Refrigeration of tht vinyl chloride recovery  system vent; 

3. Canned pumps; 

4. Leak detection programme. 

The total manufacturing costs  per year for a typical 200 million lbs/year 

poly vinyl chloride plant are about   $34 million.    Incorporation of the 

emission control  devices suggested  above would represent a total capital 

investment  of about  $1  million and  annual opeFating costs of $125,000. 

A more extensive pollution control system would incorporate a gas holder. 

All controllable emissions to the vents, stacks,  etc. are compressed in the 

gas holder and sent  to the vinyl chloride recovery system.    This modification 

would add about $1   million of capital investment to the pollution control system 

as well as an additional $25,000 in annual  operating expenses. 

Total average emissions of vinyl chloride from a plant without the 

aforementioned pollution control devices are about O.O345 lbs/lb of poly vinyl 

chloride produced.    Addition of the   first set  of pollution control devices 

would reduce emissions to about 0.0157 lbs/lb of poly vinyl chloride.    If the 

gas holder were also incorporated,   emissions would be further reduced to O.OO7O 

lbs/lb of poly vinyl chloride. 

(12) Vinyl Chloride 

Almost all the vinyl chloride  produced goes into the manufacture of 

polyvinyl chloride.    Because the economics of production favour  large scale 

processes all new plants are expected to be designed to produce at  least 500 

million lbs of vinyl chloride/year.     Over 90$ of the vinyl chloride monomer 

produced in the United States is obtained by cracking diohloroethane.    Vapour 
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em lissions  from the cracking process are small,   provided that the  HCl produced 

can be recycled to a dichloroethane plant   (this   is  often the case)   or has 

value  for another operation.     In most cases,  the  vapour emissions  from the cracking 

operation  include vinyl chloride but are small   in  quantity.     Vinyl chloride can 

also be produced from ethylene dichloride.    This chemical,   in turn,  is 

produced by the oxychlorination of ethylene with  JC1.    Air pollution from either 

process can also result  from a heavy chlorinated hydrocarbon tar if this 

material  is  incinerated. 

(A) General  process pollutants 

The natural gas fired to heat the cracking furnace produces very little 

pollution.    In the case of one producer of 700 million lbs/year of vinyl chloride, 

less than 600 lbs of sulfur per year are emitted as SO    out of the stack. 

Scrubbers are employed-to recover ICI as a by-product.    The non-condensible 

streams from the HCl recovery  section plus other light ends from the vinyl 

chloride purification unit are either vented,   flared,  or sent to a pollution 

control device on another process.    This is the main source of air pollution in 

the process. 

A drying step is required before the dichloroethane can be cracked.    Vent 

losses from a drying column form a small source of air pollution. 

(B) Vinyl chloride emissions  from process operations 

Since January 1974,   it has been known that vinyl chloride is carcinogenic 

at low concentrations (under 500 PFM).    The emission losses reported here are 

based on  information obtained prior to September   1974.    Vinyl chloride emissions 

have undoubtedly been reduced  substantially since then. 

The preparation of vinyl chloride is a continuous process.    The continuous 

air emissions of vinyl chloride from the process are as follows: 

1«     Distillation columns - Most plants have distillation columns to separata 

impurities from vinyl chloride.    Inert gases from these oolumns after 

refrigeration or scrubbing contain some vinyl chloride.    Depending on the 

manufacturing unit, these gases are either vented to the air or to a control 

device; 
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2.      Flash drums - A number  of vinyl chloride plants have a flash drum to 

separate the vinyl chloride  from water streams.    The vinyl chloride 

vapeurs are generally  fed to an emission control device; 

3. Oiychlorination vent  gas - This stream consists of the gross ojyc h lori nation 

reactor effluent after quenching and cooling for recovery of ethylene 

dichloride.     In the United States, about 65$ of the ethylene dichloride 

from the air oxychlorination process  is  produced  in plants that  incorporate 

absorber-stripper or chlorine recovery  systems; 

4»      Direct chi orinati on procesa vent - This   is the major source of air pollution 

from the direct chlorination of ethylene.    Composition of the stream is 

about 0.02 lbs of hydrocarbons plus ethylene, 0.0025  lba/lb of vinyl chloride, 

ethylene dichloride (O.OOI6 lbs/lb of vinyl chloride)  and small  amounts of 

vinyl chloride. 

There are a number of intermittent air emissions.    These are: 

1.      Loading areas - This  is the largest source of intermittent émisai one. 

Emissions can be significant  if vinyl chloride is used for initial  purging 

of oxygen from barges or tank cars; 

2«      Storage vents - Vinyl chloride tanks are pressurized to reduce storage 

loases and vents are compressed and recycled.    It should be mentioned that 

one manufacturer reports vinyl chloride  storage losses of 150,000 lbs/year 

from depressurizing the atorage tanks for maintenance or relief valve 

lifting.    This represents about 0.0002 ton8 of vinyl chloride/ton produced. 

3. Safety and relief valves - Most plants use rupture discs in front of safety 

valves to minimize leakage.    Fugitive emissions are very low and come from 

filters,  pumps and other equipment.    Emissions can result  from equipment 

cleaning and inspection unless vinyl chloride is steamed out to normal 

venting areas before the vessel is opened. 

In vinyl chloride manufacture, emission control devices are of primary 

importance in reducing vinyl chloride losses into the atmosphere.   This is 

because the manufacture involves a continuous  process in which vinyl chloride 

emissions are normally very low and cannot be changed markedly    if at all, by 

changes in process operating conditions.    In addition to emission control 

devices,  good housekeeping and proper equipment maintenance will help minimise 
vinyl chloride emissions. 
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Emi»8ion control devices 

1. 

2. 

Absorbers - Ethylene dichloride  ia used as an absorber to effectively 

remove vinyl chloride vapors.    The vinyl chloride  is then recovered by 

means of a stripper.    One plant  which uses  such a system reports no 

continuous emissions other than fugitive emissions.    Calculated vinyl 

chloride recovery efficiency is 99$; 

FT-*•» - v«*rt streams containing vinyl chloride along with  other combustibles 

are often directed to a plant flare.    No data on the effectiveness of the 

flare is available but  it  is assumed that vinyl chloride monomer is 

completely consumed; 

3» Refrigeration - Vinyl chloride emissions can be reduced by compressing 

the fractionation vent stream to chill the stream and thereby condense 

out most of the vinyl chloride; 

4.      Warte heat boilers - One company has a waste heat boiler that burns a 

number of hydrocarbons and chlorinated waste including vinyl chloride 

monomer.    Caustic  scrubbers are used for removing HCl and CI    from the 

warte feed gas. 

Cort for reducing vinyl chloride emissions 

In order to reduce total vinyl chloride emissions by about  55$-60$ 

for a 700 million lbs/year plant, a total capital  investment  of $650,000 

would be required.    A 90$ reduction of vinyl chloride emissions would require 

a capital  investment of about  S2 million.    These pollution control costs would 

be additional to a total plant capital investment of $42 million. 

29 Other Major Polluter« 

(1)    Acetaldehjde via Ethylene 

The oxidation of ethylene to form acetaldehyde can take place either in 

a two stage or a one stage process.    The two stage process is more common 

commercially.    Ethylene is reacted at   10 atm. with a water solution of palladium 

chloride and cuprous chloride.    The acetaldehyde yield  ie 95$ and the ethylene 

conversion is 99$.    Sy-products include chloroacetaldehyde,  ethyl chloride, 

chloroethanol,  acetic and oxalic acids,  crotonaldehyde and chlorocrotonaldehyde. 
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Reaction products are sent to a flash tower where the pressure is  reduced 

to atmospheric and acetaldehyde is vaporized and separated.    The bottoms are 

sent  to an oxidizing reactor to regenerate the catalyst.     After catalyst 

separation, the other materials are  sent to a scrubber.     Some product  and by- 

products are recovered  here.     Gases  leaving the scrubber are vented to the 

atmosphere.    Total  hydrocarbon emissions are  reported as 0.00045 lbs of 

acetaldehyde but may   reach 0.001  lbs. 

The acetaldehyde  from the flash tower is then distilled.     Light  ends  are 

removed  first  and the gas exiting from the top of the tower is water scrubbed 

and  then vented to the atmosphere.     Hydrocarbon emissions  from this source are 

around O.OOO47   lbs/lb acetaldehyde but may vary. 

No particulates,   oxides of nitrogen,  sulphur oxides,   or carbon monoxide 

are emitted from the  process as described. 

(2)    Acetaldehyde via Ethanol 

Atmospheric emissions generated by the ethanol process are associated 

primarily with the absorber vent gas stream.    All other sources of emissions 

are minimal. 

Acetaldehyde is produced by passing ethanol vapours and preheated air over 

ver catalyst at  300o-575oC\ 

25°/~45"; and yields are 85^-95/0. 

a Bilver catalyst at  300 -575 C.    Overall alcohol conversion varies from 

The gases leave the reactor and pass through a condene or to a phase 

separator where the vapor phase is absorbed in refrigerated waters.    This  is 

combined with the liquid phase and acetaldehyde is distilled out. 

Emissions are as follows: 

C omponent Lbs/lb acetaldehyde 

water 

CO 

co2 

H2 

0.00088 

O.OO27I 

O.OO934 

1.12450 

O.OI95O 

O.O224O 
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Some emissions of SC>2 are produced during the combustion of fuel during 

reac+or startings but these are negligible.    Some ethanol  is released from 

venting ^rom the ethanol storage task. 

(3)    Acetic Acid via Methanol 

This newest  industrial synthetic route for acetic acid involves 

carbonylation of methanol.    Methanol  ìB reacted with a synthesis gas containing 

H2, CO, C02 and hydrocarbons.    The BASF process uses temperatures around 500°P 

and pressures of 7,500-10,000 atm.  with a cobalt  iodide catalyst.    Yields of 

99*-$* of acetic acid are reported.    The reaction is as follows: 

CH OH    + CO CH3C :¿H 

This process could be a large source of air pollution if excess synthesis 

gas were vented direotly to the air.    This problem can be eliminated by flaring 

the exit gas.    This is apparently being done in manufacturing plants now using 

this process.    Complete combustion of the exit gas would yield only CO   and 
water. 

Other sources of air pollution are negligible. 

(4)    Acetic Acid via Butane 

The oxidation of butane is carried out in recycle reactors due to low 

butane conversion.    A large number of by-products are produced which are 

recovered.    When the butane is recycled, C02, CO and some hydrocarbons are 

vented or flared.    Typically, these are flared and only CO   and water are 

emitted.    Some hydrocarbons are vented from the reactor itself.      Total 

hydrooarbon emissions are 0.03824 lbs/lb product along with CO-emissions of 

0.01354 lbs/lb product. 

Estimate of storage task losses are 0.00087 lbs of product + by-produot/lb 
of aoetio acid. 

(5)    Aortic Aoid via Aottaldehjde 

One commercial oxidation of acetaldehyde to acetic acid ìB carried out 

continuously in the liquid phase using air or oxygen in the presence of 

manganou» or cobalt acetate.    Both a liquid and a gaseous stream exit from the 
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reactor.    The gaseous stream is  scrubbed many -times to remove reactant and 

product.    No information on effluents íB available for this process. 

A mixture of acetaldehyde and ethanol is also commercially oxidized to 

acetic acid using air or oxygen in the liquid or vapor phase. Ethylacetate 

is recovered as a by-product to this reaction. 

The emissions from the absorber vent constitute the only major air 

pollution source from this process.    The following emissions have been noted» 

C proponent Lbs/lb acetic «cid 

Acetaldehyde 

Ethyl acetate 

Carbon dioxide 

Carbon monoxide 

O.OO48I 

O.OO5O7 

O.02089 

0.00202 

(6) Acetic Anhydride 

The largest scale commercial process for producing acetic anhydride is 

the pyrolysis of acetic acid.    Pollution from the cracking and absorption 

processes can be readily avoided by flaring the tail gas to prodige CO    and 

H20.    However,  at  least  one commercial  processor in the United States vents 

this tail gas  (consisting of hydrocarbons, CO, CO    and H ) directly to the 

atmosphere. 

(7) Adipic Acid 

Nearly all commercial production of adipio acid is baaed on oxidising 

cyclohexanone or cyclohexanol with nitric acid.    The various oxides of nitrogen 

produced during the oxidation process constitute the principal source of air 

pollution for this process.    The nitrogen components formed are predominately 

N20, NO and NOg.    Some organic acid by-products are formed, chiefly acetic acid, 

glutaric acid and succinic acid.    In large plants, these may be recovered and 
sold. 
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After the oxidation reaction,   the dissolved NC^ gasee plus  light hydro- 

carbon by-products are stripped  from the product  solution with air and  steam. 

Most  of the NO and NO,, are recovered by absorption in nitric acid.    The NO 

emissions  vary from 0.03 to 0.34 lbs of N0x per lb of adipic acid produced^ 

the various commercial plants.    The ten-fold variation in emission rates is 

apparently the result of:    a) The differences in performance of NO    recovery 

systems;     and b)  Variations   in the  percentage  of N20 in the reaction mixt uri. 

N20 cannot  be easily removed.     Storage  losses and  start  up losses are low. 

The  emissions of NO^ could be reduced by converting the oxides to N  . 

This  requires incineration using special burners and a reducing atmosphere 

provided by about  1<# excess fuel.    N0x reductions of 75#-90# have been 
reported  using this method. 

(8)    Adiponitrile via Butadi ene 

There  are a number of routes to adiponitrile but the  process utilizing 

butadiene  is pre-eminent.    The process involves  four distinct steps: 

chlorination,  cyanation,  isomerization and hydrogénation. 

The  process vents from chlorination emit  the rather insignificant amount 

of 0.002   lbs  of butadiene and chlorinated hydrocarbons/lb of product. 

The vents from the cyanide  synthesis process constitute about 70£ of 

the pollution of the overall synthesis.    Emissions amount to about 0.038  lbs/lb 
of product. 

Waste  Squids fro* the cyanation and  isomerization processes are burned 

as fuel.     Emissions amount to about O.OO69 lbs of aerosols  (HCl)/lb of product 
and O.O569  lbs of NO /lb. 

Pollution control devices used  in the process are scrubbers. 

(9)    Adiponitrile via Adipic Acid 

In terms of production capacity, the adipic  acid process is the major one 
in Europe and ranks second  in the United States. 
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The nitrogen compounds NH    and NO    are the pollutants produced by this 

process. 

Adipic acid  reacts with ammonia in the presence of a dehydrating agent 

to form adiponitrile. 

Estimated  noxious  emissions, based  on the assumption that ten percent  of N 

becomes NO^,  amount    to 0.00027  lbs of NO /lb of adiponitrile produced.    When 

an absorber/scrubber  is utilized to treat this stream,  pollutant emission is 

virtually nil. 

Approximately O.OO36 lbs/lb of ammonia are discharged from vacuum ejectors 

•perating in the product recovery area. No treatment is employed at present to 
treat this stream. 

(10) Carbon Disulphide 

Carbon disulphide is produced by the catalytic  reaction of methane with 

sulpha? vapour.    Yields  o.' over 90$ are typical.    Natural gas is usually burned 

to produce the heat  required for the reaction.    Small amounts of pollutants 

are thereby produced.     In lbs/lb of CS    produced,  there are:    0.OOOO4 particulates, 

O.OOO14 NO  ,  and O.OOOO9 hydrocarbons. 

Often heavy waste  produced by the process  is burned.    This results in 

about 0.0066 lbs  of SO Jib of CS    produced. 

Approximately 0.00028 lbs of sublimated sulphu/lb of CS produced are lost 

to the atmosphere  from the sulphvr pit area and storage task vents. 

H2S 6*8 i8 produced as a by-product  in the process.    This is sent to a 

Claus plant where sulpha* is recc/ered and recycled.    Emissions from carbon 

disulphide production are primarily associated with the Claus plant, but  figures 

of quantitative  losses were not available. 

(11) Cyclohexanone 

Cyclohexanone  is produced by the air oxidation of cyclohexane.    Substantial 

quantities of cyclohexanol are also produced.    As  in the case of many other air 

oxidation processes,  venting of the spent air accounts for the majority of 
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emissions associated with the  process.    Another significant  source of emissions 

is venting from the distillation process.    When there  is a separate process 

for dehydrogenating cyclohexanol, there is a vent containing hydrogen and some 

hydrocarbons.     In some cases,  this is scrubbed prior to venting and in some 

cases not. 

(12)    Dimethyl Terephtalate and Terephtalic Acid 

A  variety of processes are currently  in use to produce dimethylterephtalate. 

For that  reason, a general  characterization of atmospheric emissions  is 

difficult.     From process to process,  emissions vary considerably, both 

qualitatively and quantitatively. 

The predominant  process in the United States is the Amoco process, based on 

very high purity terephtalic acid.    This process is one of the lowest  polluters. 

The Amoco process involves the direct  esterification reaction of terephtalic 

acid with ethylene glycol. 

The oxidation step of most processes involves the  liquid phase oxidation 

of p-xylene with air to form terephtalic acid.    The oxidizer vent constitutes 

one of the main sources of emissions for all processes,   releasing primarily 

carbon monoxide and hydrocarbons. 

Purification    of the terephtalic acid  is carried  out in a separate process. 

Rather surprisingly,  the emissions from this operation of the various processes 

are as significant as those from the oxidizer process. 

Methanol  is a common solvent during esterification.    In one plant,   emissions 

of methanol  from a solvent  recovery operation were very high,  O.O8 lbs of 

methanol/lb of dimethylterephtalate. 

A  scrubber or an absorber is commonly used to reduce emissions, but no 

quantitative data are available.   Bag filters are commonly employed in the 

purification of the terephtalic acid to prevent escape of fine particles of the 

acid to the atmosphere. 

Water condensors are used to prevent the loss of xylene from xylene storage 

tank vents. 
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Various types of incinerators are also used in connection with the 

processes and combust waste acid and methanol. The most efficient is a 

catalytic incinerator  which converts the NO     in the feed gases to N   . 

(13)    Ethylene 

Most of the air emissions  from ethylene production result  from one of 

two operations: 

1. The removal   of acid gases  (H?S and CO  )   from the cracked gas;     and 

2. Hydrocarbon venting and/or flaring during plant start ups and  emergencies. 

Ethylene  is produced primarily by the pyrolysis of hydrocarbons,   or 

cracking.    Subsequent  to quenching the cracked gases are compressed.    Then 

there is a treatment   step for removal of the acid gases CO    and H S.    The 

acid gases are normally absorbed by monoethanolamine, caustic and water and 

subsequently deBorbed.    After desorption, the contaminants are vented or 

flared.   The highest  emission rate for a plant   in the USA  is 0.0012 tons  of 

S02 per ton of ethylene. 

Start-up and emergency venting are relatively common in this industry. 

One US operator estimated that about I.5 per cent of his production in 1973 

(8.9 x 10    lbs)  was  flared due to process upsets and a major plant  turnaround. 

Small losses are common around pump seals,  control valves,   safety valves, 

compression seals,  and  process unit tanks.    One US manufacturer has  reported 

annual losses  of 323,000 lbs,   or O.OOO8 lbs losses/lb of ethylene. 

(14)   Glycerol 

Allylchloride  is converted into glycerol by a series of three reactions. 

First, allylchloride reacts with hypochlorous acid to form glycerol dichlorohydrin. 

This is converted to epichlorohydrin.    In the third step, the epichlorohydrin 

is converted to glycerol. 

Vsnt streams  from vacuum prooess condensing equipment and others contain 

a variety of chlorinated hydrocarbons and other constituents such as propyl 

chlorides, trichloropropane, epichlorohydrin,  acrolein, dichloropropenes, 

dichlorohydrin«, acetone and chlorine.    Quantitative data on total  process 
•missions are not available. 
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Epichlorohydrin, toluene, and glycerol are stored without vapor 

conservation but   emission losses are low. 

(15)    Hydrogen Cyanide 

The most  important commercial  process  for manufacturing HCN is a direct 

route from methane,  ammonia, and air.    Purified reactants are passed  over a 

precious metal  gauze at   1000°-1200°C.    About 20fo of the ammonia passes through 

unreacted and  is removed overhead  in an ammonia absorber.    The process stream 

then passes to an HCN absorber.    After that, the aoqueous solution of HCN is 

fractionated.    Usually the HCN is then used directly  in integrated process 

equipment  for conversion to the ultimate commercial  product. 

Large quantities of hydrogen-rich hydrogen cyanide off gas are  sometimes 

used as boiler fuel.    In thi-s case,   some oxides of nitrogen are produced or 

emitted.    One commercial  establishment estimates 3Cfo of the nitrogen is 
converted to NO  . 

Process sample pot vents can contain rather high concentrations  of HCN, 
ranging from 25  to  200 PFM. 

Typically process tank vent  streams are flared,  and concentrations of 

HCN can run as much as 3 volume percent.    Process start-up and emergency vents 

of feed gas are also typically sent to flares. 

( 1i>)    Iaocyanates via Amine Phosgenation 

The aromatic-based di- and polyisocyanates are the only ones covered here 

because they account  for almost the entire market.    Attention is given to 

toluene diisocyanate,  polymethylene polyphenylisocyanate, and 4,4«  - methylene 
diphenylisocyanate. 

Isocyanates are made almost  exclusively by the phosgenation of anunes 

dissolved in a chlorinated aromatic  solvent.    The main pollutants from this 

process are HCl,  traces of phosgene,  which hydrolizes to HCl  in moist air, 

chlorinated hydrocarbons,  and CO from the phosgene generation step.    The overall 

emissions are odorous, but  plants seem to exercise care and good pollution 

control.    This is necessary because both phosgene and CO are poisonous. 

After the reaction to form isocyanates,  the HCl and phosgene go through 
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a separator where the bulk of the  phosgene is removed and  recycled.    The next 

step is  usually the absorption of HCl   in water.    Residual   quantities of HCl 

then go to a caustic scrubber where the HCl is aborted as  NaCl and the 

phosgene  is decomposed to HCl and CCy       Inert gases, 

C02 and  trace    quantities of HCl  and phosgene go either to  a stack or an 

incinerator.    In plants which do  not  flare this stream, there  is an emergency 

NH3 stream which  is injected and   forms ammonium chloride  if the phosgene 

concentration exceeds about   100  PPM.    In general, the phosgene decomposers 

work quite well  with an efficiency  of over 99.#.    The vent   stream from the iso- 

cyanate   purification rtream contains  small  quantities of isocyanates and 
chlorinated hydrocarbons. 

(H)    Mal eie Anhydride 

Nearly all  of the production  of maleic anhydride is based on the vapor 

phase oxidation  of benzene.    Normally,  a V^-based catalyst   is used. 

After the reaction takes place,  the vapore from the condenser are vented 

to a scrubber for the recovery of uncondensed maleic anhydride.    The effluent 

gases which pass through the scrubber are vented to the outside air.    Many 

plants route streams from other sections  of the production unit through this 

same scrubber in order to gain economy of operation in limiting effluents. 

No quantitative data are available on emissions, but  small  quantities of 

CO,  maleic anhydride, ben.ene,  formaldehyde,  formic acid,  and  xylene are 
emitted. 

In the case of storage of the  maleic anhydride, a scrubber is usually 

used on the atmospheric vent  in order to minimise emissions. 

(18)    Nylon 6 

Nylon 6 is produced commercially by the continuous polymerization of 

caprolactam.    Air emissions associated with the polymerization result  from 
small vents  from numerous process  operations. 

In the mixing tank,  molten caprolactam is mixed with water and catalysts 

prior to  reaction.    Approximately 0.00012 lbs.  of caprolactam/lb of Nylon 6 
are vented   from this process. 
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In the polymerization  vessel,   some caprolactam  is carried out with N 

from a nitrogen cap.     The amount  is about O.OOO34 lbs/lb of Nylon 6. 

When the molten polymer is quenched with cold water or an inert gas, 

the rather substantial amount  of caprolactam amounting to O.OO337 lbs/lb of 
Nylon 6 is emitted. 

Oligomers and caprolactam are extracted  from the  final  polymer and sent 

to a depolymeriaation unit.     Some caprolactam is often vented to the atmosphere 

from this unit.    Trace amounts of caprolactam are also lost during the 

caprolactam recovery distillation process, 

(19)    Nylon 6. 6 

Nylon 6,  6 is prepared by polymerization of hexamethyldiammoniumadipate. 

The vent from the polymerization unit can contain small amounts of hexamethylene 

diamine and polymer.     Occasionally,  these emissions are sufficient to cause a 

blue hue and substantial  odours.  The emissions can be controlled through the 
use of a scrubber. 

Other small amounts of emissions, mostly monomer,  result  from spinning, 

conveying,  and finishing operations. 

(20)    The Pio Proc ess 

The Oxo process is a synthesis process for aldehydes and alcohols from 

olefins and synthesis gas (CO + Hg). Hydrocarbons and particulates are the 

main air pollutants associated with these plants. 

The main odow problems  are caused by adlehydes and alcohols in vents from 

distillation columns and tanks.    Small amounts of particulates are lost to vents 

from metallic oxide catalysts.    Off-gases from the process consist of CO, H 

and C1 to C^ hydrocarbons.    These are not emitted but  either flared or sent to 

refinery fuel gas.     Some hydrocarbons and CO may escape unburned.    Most  off 

gases come from the  Oxo reactor system. 
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(21J     Phenol 

The eumene process is  used by most  producers to synthesize  phenol.    Air 

is   introduced  into an aqueous  sodium carbonate emulsion with eumene to produce 

eumene  hydroperoxide.     Dilute  H^O     is  added  in a second  reactor to cleave the 

eumene hydroperoxide  into phenol and acetone. 

As with many other air oxidation processes,   the venting of spent air  from 

the  reactor accounts   for a major portion of the emissions.     In general, 

emissions of phenol  are low,   m keeping with the toxicity  of the material. 

However,  often phenolic  odors are noted within the manufacturing plants.     Low 

molecular weight hydrocarbons  are emitted from the product  recovery and 

purification sections  of the plant. 

The spent air from the oxidizer can be passed through a carbon adsorption 

column,  a scrubber,   or can be sent to an incineration unit prior to passing 

into the atmosphere.     When the proper precautions are taken,  emissions are  low. 

When these are not taken, emissions can run as high as 0.0067 tons/ton of 
phenol  produced. 

Acetone  is the mam emission from the distillation train vent.    This can 

be a« high as 0.0043 tons/ton of phenol  produced. 

{22)    High-Density Polyäthylene 

The major portion of emissions from the production of high density 

polyethylene come from the separation and repurification of solvents and 

unreacted monomer.    Emissions also result  from the pneumatic conveyor system 

used to transport the  polymer to various blending and storage facilities. 

The slurry process  is the predominant polymerization route.    Ethylene  is 

polymerized on a metal  oxide surface,   often chromic oxide.    Catalyst particles are 
kept   in suspension by agitation. 

All producer» recycle solvent and most reoycle unreacted monomer.    After 

the purification of these streams, the light and heavy ends are usually either 

vented or flared.   This results in one of the main air pollution sources in 

the production of high-density polyethylene. 
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Bath  hydrocarbons and  particula-tes are emitted  from the   vents associated 

with  the   pneumatic  convsyors.     Cyclones  are  used to  remove  polyethylene dust 

from the conveyor system. 

In some cases,  bag filters are   used to remove catalyst   fines  from the 

atmospheric  vent associated with catalyst  activation operations. 

.:tart-up and  emergency vents consist   primarily  of hydrocarbons.     These are 

usually  flared.    If the desi,çn  is  adequate and the load  light,   only CO    and 

H„0 will  be emitted. 

(23)    Low-Density Polyethylene 

Low-density polyethylene  is produced by polymerization  of  ethylene at high 

pressures using a free radical catalyst. 

Unreacted monomer is recycled  and this process requires  purification.    In 

some caBes,  the  light and heavy ends   from the purification process are  vented, 

causing a sizeable amount of air pollution.    A pollution control device such as 

a  flare can be used to control  emissions. 

Semi-finished  and finished granules  of low-density polyethylene are often 

transported  in plant by means of pneumatic  conveying systems.     Atmospheric vents 

associated with these systems are a  source  of air pollution.     Ethylene diffuses 

from the pellets and through the venta.     Particulate emissions  are often eliminated 
using cyclones or bag filters. 

Vents associated with start-up  operations as well  as emergency vents are 
usually connected to a flare. 

Liquid  storage is carried out   under a nitrogen blanket,   pressurized, 

refrigerated, or,   if the liquid  is  of  low volatility,  at atmospheric pressure. 
Some storage losses occur. 

Because of the extremely large  volume of low-density polyethylene production, 

the associated air pollution problem  is relatively major. 
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(24)     Polypropylene 

¡Omissions  from polypropylene production arise from polymerization, 

recovery, drying,  purification  of materials  from recycle,  materials hart ling, 

storage,   packaging,  and  fugitive sources.    The pollutants are mostly hydro- 
carbons and  finely divided  solids. 

The polymerization of propylene can yield several   isomeric   polymers,  two 

of which are stereoregular.     The  atactic  form,   ,„ which the methyl groups 

lie   in the  same plane,   lS the  predominant commercial   form.     Substantial  amounts 

of copolymers with ethylene are alao produced.    Production  is heterogeneous 

utilizing a stereospec i fie  catalyst  such as titanium trichloride  with aluminium 

alkyl.    The propylene  is usually dissolved  in a hydrocarbon  solvent.    When the 

isotactic  polymer is  formed,   it   precipitates  from solution.     The reaction 

slurry   is then transferred to a vessel  where unreacted  polypropylene and some 

solvent  are stripped.     Polymer  is  later washed and dried.     Polymer and copolymer 

are  produced  in a variety of compositions  for different  end  uses. 

When unreacted monomer is  purified,  the light  and heavy  ends represent a 

potential  pollution source.    These can be vented directly,   and  hence become 
pollutants,   or flared to yield CO    and H 0. 

The solid polymer is transported in plant using pneumatic conveyors.    TMs 

is a  source  of atmospheric  pollution from fine particles.     Cyclones + bag 

filters can be used singly or  in tandem to reduce these emissions.     In some 

cases,   water scrubbers are used.     Relatively small hydrocarbon vapour losses 
occur  in transport. 

Tn-process venting of polymerization vessels occurs routinely,  but the 

vent   usually  is directed to a flare.    Vents associated with  start-up operations 

or used  for emergency purposes  are also typically connected to flares. 

It  appears that fugitive emissions are typically rather high in this 

industry.    These can occur from agitation shaft seals,  pump and compressor 
seals,   or valve stems. 

(25)  Polystyrene 

The primary pollutant emitted during the production of polyrtyrene is 

atyrene.    The monomer is emitted during feed preparation,  polymeri«ation and 
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from the devolatilization process. Also some polystyrene dust is discharged 

to the atmosphere during pneumatic conveying. In general, relatively little 

air  pollution results  from polystyrene production. 

Styrene  is usually  polymerized using an organic  peroxide catalyst,   such 

as benzoyl peroxide.    The most   important commercial  techniques  for polymerization 

are  solution and  emulsion polymerization.     Tn the case of solvent  polymerization, 

a  low pressure,  high temperature devolatìlization  is required to strip off 

unreacted monomer and  solvent.     In the case of emulsion  polymerizaxion,  a 

simple wash  of the polymer beads  is all  that  is  required. 

In the case of solution polymerization,  the system  is  very sensitive to 

catalyst  poisons.    Hence,  there  is a purge of the  feed preparation section. 

One manufacturing plant  has reported over 700,000 lbs  of styrene/year 

as emissions  from the polymerization vent.    It appears that  reactors are 

normally vented to the atmosphere and that this represents  a significant 

portion of total  emissions for this process. 

Only solution polymerization plants have an emission associated with the 

solvent recovery vent. One such manufacturer has reported 75;' of the overall 

emissions eminating from this  source. 

Polymer drying vents are a source of small  amounts of polymer, hydrocarbons, 
ani HCl. 

A  pneumatic conveyor system is used within the plant   for transporting 

polymer.     Polymer dust   is  emitted to the atmosphere through vents,  but no 

quantitative data are available. 

The exhaust air from the extruding operations contains small amounts of 
styrene. 

(26)    Styr* ene 

The commercial  process used to make styrene  is the catalytic dehyrogenatic 

of ethylbenzene.    The styrene produced is primarily used  in polymerization 

processes,  such as polystyrene and styrene-butadiene rubber production. 

Emissions from styrene production are relatively low.    These emissions 
result  from distillation column vents,  fuel consumption,   storage tank losses, 
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and miscellaneous  leaks and spills. 

Non-condensibles and   small amounts of condensible  organic vapors are 

released  from the distillation columns employed  in the  process.    A condensible 

vapor conservation  system  is commonly employed  so emissions to the atmosphere 

are normally  low.     Light  gases such as H , CC>2 and CH     plus small amounts  of 

benzene and toluene  are  lost  from the column used  for the recovery of the 

benzene and toluene  produced as by-products  in the  styrene synthesis,     ornali 

amounts of styrene are released through the  finishing column vent.    A  plant 

without a vapor recovery  system emitted total  hydro-carbons of 0.0042  lbs/lb 

of Btyrene  from the distillation column.    One  plant   with a recovery system 

reported zero emissions. 

Small  amounts  of pollutants are released when a mixture of fuel  gas and 

natural gas are burned to provide super heated steam. 

When a stripper  is used prior to the distillation column,  toluene and 

ethylbenzene are emitted,  amounting to O.OOO96 lbs and 0.0032 lbs/lb of styrene 

produced by one manufacturer. 

One manufacturer reports annual storage tank losses of 370,000 lbs of 

styrene or O.OOO67  lbs/lb of styrene produced.    Vapor conservation can reduce 

these losseB by a factor of  100. 

Start-up and emergency vents are used infrequently,  and emissions can be 

substantially reduced by flaring. 

(27)    Styrene-Butadiene Rubber (SBR) 

The dominant method of producing styrene-butadiene rubber is emulsion 

polymerization.    There are  five main sources of air pollution associated with 

the process.    These are: 

1. Butadiene absorber vent gases; 

2. Carbon black emissions from masterbatch mixing operations; 

3. Dryer exhaust  gases; 

4. Talc  from dusting of rubber bales during final packaging operations; 

5. Fugitive emissions. 

In general,  the process can be classified as a low air polluter. 
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After  polymerization  is  finished,  the unreacted butadiene  ic  flashed 

off,  condensed  and   recycled,     ornali  amounts  of butadiene  (about   0.0001   lbs/lb 

• '¡Bd )  are  vented along with the non-condensibles. 

Jubstantial  carbon black  is usually added  to the JBH as  a filler.    The 

handling of the black during these  processes  results in the emission of 

carbon black particles to the air.    The average amount  emitted  is about 

0.001  lbs/lb of 3BH. 

After breaking the IJBH completed  polymerization emulsion,   the rubber  takes 

the  form  of crumb.    The crumb may contain up to  30f< moisture.     During the  process 

of continuous drying,  exhaust  gases containing styrene and  fine  particles   of 

3BH are vented to the atmosphere.     Various manufacturers have  reported 'SBH   emissions 

from this  source  in the range of O.OOOOI-O.OOOO9  lbs/lb of ^BR  produced  and 

0.021 to O.O846  lbs of styrene/lb  of :;BR  produced. 

During the  final  packaging operation,  talc   is air-blown  into 75  lb packaged 

bales of 3BR.     One manufacturer reports an atmospheric emission  of  12,000   lbs/year 

(O.OOOO3  lbs/lb of 3BR)   from this  process. 

Fugitive  emissions occur from the reactor  section,  monomer  recovery,   the 

tank farm,  and the compressor house.     These can amount to a substantial 

percentage  of the total emission during the  production process.    The amount   of 

emissions   is approximately O.OOOO8 lbs  of styrene and O.OOO85  lbs of butadiene, 

both per  lb of 3BR  produced. 

( 28)    Vinyl Acetate via Acetylene 

Vinyl  acetate  is used to produce polyvinyl acetate and copolymers With 

vlnylchloride,  ethylene and other monomers.     It   is commonly produced by the 

Bine acetate-catalysed reaction of acetylene with acetic  acid. 

Acetylene is recovered from a light ends cut after the reaction is 

completed.    Emissions from the light  ends vent  constitute the most important 

source of air pollution.    The stream consists  of acetaldehyde,  acetylene, 

acetone,  vinyl acetate, and acetic acid.    The most severe case reported was 

O.O40 lbs/lb of vinyl acetate produced.    The least polluting manufacturer 

reported 0.0082 lbs/lb of vinyl acetate.    It  should be possible to recover 

chemicals  from this stream in many cases.    Where not feasible, the stream could 

be incinerated.    In one plant, acetic acid  in the amount  of 0.0002 lbs/lb  of 

vinyl acetate is discharged through a heavy ends vent. 
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One  manufacturer  incinerates  heavy  liquid  wastes   from the  process. 

Conbustion to   '0     and  II  0  is  virtually complete. 

¡(elease of vinyl  acetate through storage tank vents can be  significant, 

One plant  reported  losses  of 0.0075  lbs/lb  of vinyl  acetate. 

Ifeactor purge gas  is  an  intermittent  source of emissions.    Tr.e  purge gas 

is a mixture of nitrogen and acetic  acid.    The process  occurs  perhaps   10 times 

a year.    Annual  emissions are 0.00C1 lbs acetic  acid  per  lb of vinyl  acetate. 

The  only  emission control  device utilized  by  manufacturers  using this 

process   is the  incinerator. 

( 29)    Vinyl Acetate via Ethylene 

The newer commercial  routes to vinyl acetate utilize a reaction route via 

ethylene.    The reaction typically  involves the reaction  of ethylene,  acetic 

acid,  and  oxygen  in the vapor phase using a noble metal catalyst.    In addition 

to vinyl  acetate,   small amounts of oxygenated  hydrocarbons are produced by the 

process. 

The only apparent emissions result  from the flaring of light hydrocarbons 

and  incineration  of heavy  liquid  waste.    The  only emissions to the atmosphere 

are trace amounts  of NO  .    The  light hydrocarbons are purged  from the water 

scrubber and  light  ends distillation column.    The  light  ends consist  of 

ethylene and oxygenated hydrocarbons.    The heavy liquids are thoseremoved 

from the acetic  acid vaporization tower.    Tne  stream consists  of acetic  acid, 

mixed glycol diacetates,  vinyl acetate,  polyvinylacetate,  and  ethyl acetate. 

Vinyl aceta;c is typically stored under a nitrogen blanket  or a floating 

roof     Acc-U- acid  is allowed to vent to the atmosphere.    Storage losses should 

be Bm*ll. 
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WATER  POLLUTION 

General  Considerations 

The   petrochemical   industry presents  a  waste treatment   problem because 

productions are so widely  varied.    Therefore,   waste streams are complex. 

One must   focus on the  ability of known methods  of waste treatment  to handle 

the key  materials and   intermediates and  end  products  of the  industry ß>J- 

The  most  prevalent  chemicals expected to end up in the wastewater  of the 

industry  were selected  from the lists of production figures  of the US Tariff 

Commission  for (l)  Crude  products derived   from petroleum or natural  gas;    and 

(2)   Intermediates.     15 Major chemicals were chosen from lists   (l)   and  (2). 

Eight  large volume chemicals were chosen and  seven chemicals were chosen from 

the list   of cyclic  intermediates ¿Jj- 

These chemicals are beniene,   1.3 butadiene,  n-butane, cyclohexane, 

dodecylbenzene,  ethylbenzene,  ethylene,  monochlorobenzene,  phenol,  phthalic 

anhydride,   propane,   propylene, styrene,  toluene and p-xylene.     Actual treatment 

experiences of waste waters containing many  of these materials  appear later in 

the section. 

The  sources of wastes  which are generated  from petrochemical  operations 

can be divided into   seven  general categories fôji 

1. tíastes containing a principal raw material; 

2. Product remaining in  solution after a separation; 

3. By-products produced during reactions; 

4. Spills, washdowns and  vessel clean-outs; 

5. Cooling tower and boiler blow down,   steam condensate and  water treatment 

wast e ; 

6. Storm water run-»off| 

7. Sanitary wastes. 

The  principal contaminants in the wastewaters include oils,   organic 

chemicals,   suspended  solids, acidity, heavy metals and other toxic materials, 

color and taste and  odour-producing compounds. 
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The   sources  and  quantities  of  pollutants  snould  be considered during 

trie desifTi  phase  of a petrochemical   plant   and   process  treatment  and   overall 

waste  water  treatment   facilities   should be   incorporated  in  the  construction 

of new  facilities or additions. 

The   most  effective   petrochemical wastewater collection  system   incorporates 

the  segregation  of waste   streams.     These can be  classified  as  the   following: 

a. "('lean" water contamin - cooling tower  or boiler flow down; 

b. Hiftfily  contaminated   process wastes  ine 1 ¡ding spills,  batch dumps,   etc.; 

c. Oily   water; 

d. Contaminated  storm run  off; 

e. Uncontammated storm  run off; 

f. ôanitary sewers. 

The   types of waste treatment  methods applicable to the petrochemicals 

industry  can be categorized  as:     physical,   chemical,  biological  and  special 

in-plant   methods.    An evaluation of treatability and  pretreatment  requirements 

of each  waste stream is a  prerequisite to determination of the  integration of 

processes  which will make   up the  overall waste treatment system of the  plant. 

Physical methods include gravity separation,  air  flotation,   filtration, 

centrifugat ion,  vacuum filtration,   evaporation and carbon adsorption.     Gravity 

separators  and air flotation  units  are designed to  remove floating oil   and 

settleable  solids.    Filtration is  used primarily as  a pretreatment.     Centri- 

fugation  and vacuum filtration are  usad for  sludga dewatering.     Evaporation 

is utilized when available   land allows for ponding and the climate  is   favorable. 

Carbon adsorption will remove refractory organic materials. 

Chemical treatment methods include coagulation-precipitation,  chemical 

oxidation,   ion exchange,  chemical   pretreatment  and  sludge conditioning.     These 

methods  are useful  for removal  of oily Bubstances and  solids. 

Biological treatment  methods which are  available include waste  stabilization 

ponds,  aerated lagoons, trickling filters and  activated sludge ßj.     Prior to 

utilization  of biological   treatment,  some pretreatment  is usually necessary. 
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."uch   pretreatment  may   eliminate     shock   loading at   low  or  high   pH  (by 

neutralization or holding capacity;   and remove  oils,   suspended solids,   or 

toxic   substances.    The  activated  sludge  process   is generally considered 

the most  effective biological   process   for treating petrochemical   waste, 

with   removal   efficiencies   in  the  ranfie   of 70    to 95     of  BOI>*and   30    to 

70    of CODt 

The activated  sludge  process  allows the continuous  mixing of biological 

growths and  wastewater  in tue  presence  of dissolved  oxygen.    The micro- 

organisms  renove organic  material   from  trie waste  primarily  through   biological 

oxidation and  to a   lesser  extent   by   physical   sorption.     The  suspension  of 

biological   floe  is  then  separated  by   settling.     A   portion  of the   sludge   is 

then  recirculated to  the aeration basis   for additional   contact  witn  tr.e  waste. 

Oxygen and mixing in the basin can be  provided by diffused  or mechanical 

aeration. 

Kxtended aeration  is particularly  useful  for petrochemicals waste 

treatment.     The longer detention times allow the micro-organisms more time 

to degrade the complex  organic  chemicals.    The most  recent   information 

indicates a critical   sludge  age of  3.5 days for petrochemical wastes treated 

at   30 C  in an aerated basin and  8 days  for waste treated  at   10°C   (Chemical 

Engineering,   15 August   1977,   p.   134). 

A trickling filter utilizes a biological  slime coated on a  fixed bed 

media,  such  as stone,   to remove dissolved and colloidal   organic  materials  as 

the wastewater flow-,  past.     Biochemical   oxidation of the  organic  material 

occurs at  or near the  surface  of the  slime  in the presence  of dissolved  oxygen. 

The  media should provide a maximum surface contact area of active biological 

Blime and maximum wistewater-slime      contact time without  clogging.     Coed 

ventilation throughout the bed   is required. 

Other  secondary treatment   processes which are utilized  include aerated 

lagoons, waste stabilization  ponds,   ozone treatment, nitrification-denitrifica- 

tion  and  a  sequence  of  anaerobic  and  aerobic   lagoons. 

Various tertiary  processes are also available.    These  include chemical 

coagulation and precipitation,   gas  stripping,  microscreening, carbon adsorption, 

electrodialysis,  ion exchange,   evaporation,  reverse osmosis,  chlonnation,   and 

rapid sand  filtration. 

Biochemical   oxygen demand 

Chemical   oxygen demand 
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Trie   first   rile   of   in-plant   -/aste  treatment   is  good  waste control 

rract!ce   in  tne different   process   operations ¿loj.     These  practices may   inrlude 

recovery   of  unreacted  chemicals  and  by-products,   multiple  re-use  of water 

./f.ere  permissible,   and  good   housekeeping techniques.      In-plant  control 

rr.etr.ods   include  stripping and   otr.er  recovery  operations,   neutralization, 

on   recovery,   and   temperature  control.     In  some cases   product  recovery   will 

resuit   in a cost  credit   for  trie  particular  process.     These practices  and 

controls can  not   only   reduce  tne  waste   loadings  ?iven  to the  plant-wide 

treatment   facility,   but  enriance   its  operation.     Problems  associated  with 

pretreatment  operations of waste  from a particular process may arise  from 

excess concentration of free  or emulsified oils,  high  or widely  fluctuating 

temperature,  acidity  or alkalinity,   or other contaminants. 

The design of the biological  treatment  unit   for the overall  facility 

must consider the possibility  of spills,  storm run-off,   variations  in  flow 

and contaminants,  and toxic  or  inhibitory substances. 

In any  wastewater treatment   plant,   large   nantit,es  of sludge accumulate 

da,;;-  and  the  cost   of  its devratenng and disposal  may  exceed the cost   of  any 

ot-er ,nit   process.     facilities   for  treat,ng accumulated  primary  and  secondary 

sludges  represent   a  substantial  capital   investment.     Vhe   processes   involved 

are  sludge concentration,  dewatenng,  transportation and  final disposal. 

ime   inexpensive  met nod   of  sludge disposal   is   lagooning.     Of the  sludge 

d^estion methods,   Ue aerobic   solution  is at   present   preferred to anaerobic, 

and  both  netnods call   for  sludge  tiackemng techniques.     uewatering can  be 

carried out  by means  of vacuum  filtration,  filter  pressing,  or centrifugation. 

The  final  sludge may be transported to a land-fill  site  or incinerated. 

The following types of treatment  facilities have actually found applicatic 
in the petrochemical   industry: 
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l^imary treatment 

Separatore 

Neutralization 

•jffualization 

Coagulât i on-precipitat i on 

Sedimentation 

Sludge handling 

("entri fugati on 

Digestion 

Thickening 

Filtration 

Landfill 

Incineration 

Secondar;/ 

ìieep well   inject i on 

Filtration 

Activated  sludge 

Trickling  filter 

Jaste  stabilization ponds 

A nneroh in-aerobic   lar-oons 

Activated 31udge Treatment  of Petrochemical Wastes 

The activated  sludge  process has been one of the best  means of treating 

waste  for the last  5° years.    The process  involves biological degradation  in 

a system where a heterogeneous mass  of organisms  is brought   into contact  with 

the waste  in the presence of sufficient dissolved oxygen.    A  portion of the 

waste removed by activated  sludge  is used  for cell  synthesis and storage 

products,  thereby consuming  little oxygen.    The remainder of the substrate 

undergoes  oxidation to provide the  required  energy for the metabolism. 

Total BOD removal oxidation      +       synthesis 
(respiration)      (growth) 

An automated activated  sludge plant was developed for petrochemical wastes 

at  tue Dow Chemical Company Texas Division ß.lj.  In order to optimize the activated 

sludge process,  several variables       were    adjusted.    These  interact both 

independently and dependently.    The rate determining steps were: the dissolution 

of oxygen from the air into the waste liquid,  the mass transfer of nutrients and 

dissolved oxygen to the bacterial cell surface and the respiration and metabolism 

of the aerobic bacterial cells. 

Suitable conditions of pli, temperature,  nutrients,  oxygen supply and 

adequate mixing must be supplied.    Then the kinetics are determined by the 

nature of the organic material  in the waste water and the activity of the 

biomass. 
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"'.e  problems  of automated control  of activated  sludge plants  lie   in 

sM^cting parameters and developing sensors  for these  parameters.    The 

analysis  and  presentation of the accumulated data  is  not difficult. 

In the       Dow      study,   instrumentation was developed to control  an 

industrial   activated  sludge  plant  with the same degree  of sophistication that 

controls  a chemical  process  operation. 

This  plant was successfully  operated to process a high salt  (ft'-ia) 

industrial  waste containing polyhydric organics  (such  as glycols and  glycerine) 

extending trie  activated  sludge  process into salt  concentrations not   previously 

believed  possible. 

Control   of the  feed pH and air supply to the aeration basis were  standard 

features  of the plant.    Control   of nutrients proceeded by  sensing the carbon 

in the  feed  and adding a nutrient  solution with known amounts of nitrogen and 

phosphorous  m an optimal ratio to the carbon. 

Control   of the ratio of food to micro-organisms,   or the  loading ratio, 

was kept  constant by measuring concentrations of bacteria  in the overflow and 

concentrations  of substrate in the  feed and transmitting the data to a 

differential  controller to keep a constant  loading ratio by a control valve 

on the  sludge  return line. 

Alum was added to flocculate the effluent according to automated measure- 

ments of turbidity.    The pH in the flocoulator was controlled at the optimum 

for alum flocculation. 

An upstream sensing device was developed to detect toxic incoming loads. 

The device measured the rate of biological reaction of the culture and the 

feed.    When the presence of a toxin was sensed, the  feed was diverted to a 

holding pond  and an alarm sounded. 

A  total   oxygen demand  instrument was employed to monitor f ^ nal  effluent 

quality and to thereby assess the performance of the  plant.    A computer 

pnqgramne was developed to facilitate routine data handling and to calculate 

parameters which described the plant performance.    Daily averaged values of 

total  oxygen demand, total carbon,  mixed liquor volatile  suspended solids, 

turbidity,   temperature,   pH,  and  flow were  input.     Outputs  included total  oxygen 

demand  removal,   oxygen transfer efficiency and sludge age. 
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Kinetic  data were  sufficient   so that  a computer aim-.ils.tion of biological 

growth,  and  substrate  removal  could  be calculated   on the  basis  of  nutrient   to 

micro  orfanisn  control   system dynamics. 

1 ercent   removal   efficiencies   for  oxygen demand  removal  were   reported   in 

the  ran.qe  of  9 1   -96'  . 

Anaerobic Treatment  of  Petrochemical .iastes 

An  extensive  pilot   scale  study b-   tue Union Carbide    'orporation,   united 

.'.tat es  of America,   of  anaerobic   treatment   of netrochemical 

wastes   indicated  that   this process   is both  tue  performance  and economic  choice 

in warm,   spacious  locations/T¿7.   The  30 gallon per minute anaerobic  pilot  plant 

was  followed  by  aerated   stabilization  ponds.    A   BOD  re  oval   of greater than 

90    was  obtained  and the system was resistant to  organic   loading and  pH  shocks. 

The anaerobic-aerobic  system was  less costly   than a  strictly   aerobic   system 

due to lower sludge disposal and   oxy,~en requirements.     Lapoon performance 

decreased markedly at  temperatures above 43 C and   below  20°'.     hthm this 

temperature  range,   the   system «as   found   tc  be  loss  costly   than and 

offer performance advantages over an activated sludge plant.    Overall cost   of 

the  operation  was   3.4¿   per  lb  of  B0I)c   removed.    This cost   represented about 

25    investment  and 751    operatine costs. 

The advantages of the anaerobic  process are: 

1. No aeration caiipment  is re wired  for organic   reduction.    Ma-\y costs  are 

thus a-oided. 

2. System loading is not  limited by oxygen transfer. 

3. Cellular material   is produced  in lower quantity and  more stable  form. 

4. There are savings in nutrients and other chemicals, equipment and labour. 

Certain organic-chemicals which are difficult to decade aerobically will 

degrade anaerobically. 

6. Methane  produced can be utilized. 

7. The anaerobic  system can work at more elevated temperatures than can be 

employed   for activated sludge. 

s 
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Disadvantages are: 

1. High  temperatures  are needed  for maximum  rates. 

2. High  biomass concentration   is  needed  for  reasonable   reaction   rates. 

3. Lone solids  retention and  acclimation times  are   required due  to   lont- 

re rene rat i or. times   for methane  bacteria  (?  to   11   days at   37°'j. 

4. The  system   is  potentially   sensitive to shock   of r-.ethanorran ic   o raisins. 

5. It   is difficult   to  produce  effluents with   less  than  SO  PPm  HOI,  with   good 

aesthetic   properties. 

6. Gases   produced  are  odorous   if  released. 

The   laroons  were   subjected  to many  pl[ shocks  arri   shock  load in," when  the 

influent  HOI»   levels  would  at   least double.     Tn  no  case  did the   influent   variation 

cause problems  in  lagoon operations. 

In  the aeration  stabilization  ponds  an average   retention time  of   3  days 

was  selected   for the   study.     Operating observations   indicated  that   a :>(& level 

of  1.5 mg/l  was necessary to avoid  problems. 

In many   instances  the  effluent   from the aerated  stabilization  process  needs 

to be clarified  before   release  to  receiving waters.     Because the   produced 

biosolids are non  flocculent  and  settle at a slow  rate,   a conventional  clarifier 

may not  provide efficient  separation.     Facultative   lagoons of a six-foot  depth 

at  2 days retention time were  selected  for separation and  storage  of the  solids. 

A dissolved oxygen residual was  noted throughout  the  lagoons. 

Useful  life  of the   lagoon  system can be estimated  as  follows: 

If a 4  foot  allowable  sludge depth,  a 4  percent   final  sludge concentration,  and 

a 240 mg/l Tó..   influent  are assumed,  then the two  2-day   lagoons used   in this 

study would have a useful  life  of 4.6 years before cleaning. 

The series of lagoons consistently provided a BOD removal of greater than 

90 and a soluble BOD removal of greater than 95 . The COD removal was in the 

range of 75 -80, . 

The anaerobic-aerobic  system for which cost   studies were made   includes pH 

adjustment,  primary clarification,  anaerobic lagoons,  aerated stabilization, 

and facultative  (solids  removal)   ponds.     For the wastes  stiriied,  an  influent 

COD of about   1600 mg/l would be expected. 

1/ Dissolved oxygen. 

2/ Total  suspended solids. 
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l'veraci  construction  costs   í\ r  plants   witn daily   flows   of u.Lj.   10.0 

anü   /'j.t.    rillion  ga.ioiis  were „'e   ,   2',',  and   »/"• per   ib   of Lid   appi led/day 

operating costs   were     . ty ,   '.'.¿f.   id    '.-¡f.   per   po an.   of  ii> ;     tn   • >."  dollar 

'•st   conpariòonu   .icre  n.aae   oet /e.-r. n~. t t vateu      ; uUf;c'   and   t:.c iiiaercbn; 

.'••••'in!.!       tal . . izat . or.   ..,, :;terr,Ci   fror,    ' làion    :'^lun.;,a\.    jystem  at   an 

influent   strenui,   of íH...  :, \¡1  Ho... 

Anaerobic -Aerobic Ac 11 vat eu 
'tabil ¡zat i on "'1 udf^e 

¡.and   recfuired   (acres if» If 

•Iffluent   BOD   (rrnr/l ] 

.-arm 35 84 

nid -^ 84 

.'ffluent   suspended   TO! ids '7t- i(>f 

•Inst/'lb   of po:>  removal   i ,CV'1 dollars;                 •',,."3<1 "' ,'4J 

''etails   of cost   comparison can be   found   in  tee original   reference ¡\2j. 

The   follo-nn,"- constituents  were detected   1 r. the   waste   used as  fuel: 

ae et a 1 d e ryd c,   acetic   acid,   acetone,   et r/lened ìani ne   polymers,   benzene,    ìso- 

butanol ,   n-b'itanol ,   bis   ' ''-cuoroet ' yi        ether,   ethanol,   ethy lened ICM onde, 

ethylene  rlycol,    1 nobutyraldehyde,   n-butyraldehyde,   hexanol,   methanol, 

isopentanol,   n-pentanol,   isopropanoi,   n-propanol,   propi onaldehyde,  and 

met hy ì et 1 iy 1 ketone. 

T'ie A-|í unsat'irated  aldehydes   were  particularly   inhibitory to unaccJimated 

anaerobic   systems   at   low concentrations  of  ?G-100 mg/l   ;, acrolein;     ¿O-'jü  mpj > 

formaldenyde;   ';0-10C   npj 1   .     Other  chemicals whicn   were   inhibitory were   ?-ethyi- 

1-hexanol   t500-1000  T^/\/,   metnyl   1sobutylketone  (IOO-0OO  mg/1), diethylamine 

(}OO-1000  mg/l),   acrylonitrile  < 100  mpjl),   ?-methyl-5-ethyl   pyridine   (100 mg/l;, 

ethylene  dicnionde   ' 15O-5OO mg/l ; ,   ethyl   acrylate   (300-600  mg/lj  arri   phenol 

', Ì0G-100C  mp/1 ;.      Inhibitory effects  were  more severe   at   hi^h volatile   acid 

concentrations /T¿/. 



¡r.tro.i..rt.nr.   of   test   "iat»rii,   at,   a  :-rad',ally    inoreasin-   , eve 1    to 

"nnt'•'"s"  "lxe(i   b, to:,-fed  Jh-esters  respited   n.   aocmation  and    •nrrear.e.i 

resistance   to   inhibition   to  orot ona Ide: yde,   et'y]   acr;lCte   and   pi.enois.     > 

renerai,   ar-1 mat i on   of  anaerobic   nrranisms   m lilted   ri i rest or culture:'   ,s  a 

difficult   and   lonc-ter,   procedure   with   only  moderate  c: anees   of  success. 

íetrocíiemicai   processes which   result   in  those   materials   home,   present 

.n   fe  waste   strearr   s:, ou lei   be  provided  with   separate   pretreatment   operations 

if  the   process  wastes  are   to  bo  sent   to  an  anaerobic   treatment   plant.    Another 

' ont rol   mec nan ism  could   oe  dilution   of  the   problem   waste  with  other   waste  streams  t 

maintain  a  concentration  below tnat   found   to be   inhibitory.      liven  a  steady   feed 

of   inhibitory  o nemica Is   in  the  waste   stream, a  possible solution  would 

be   to develop  bacterial   acclimation  to allow  nirher  concentrations   of  problem 

cnemicals  to be  treated  without   inhibition.    Treatment   of  these wastes b-  an 

activated   sludeo  process   is   probably   s. better choice. 

An Application  of Activated   larbon 

Activated  carbon  was   used  to  reduce  toe cnn  of   input   of   process  water and 

rain  water   run-off   in  one   petrochemica    plant   fron   ?cy,  ppm  to  ')(.   ppm /JAJ •   -n,er a 

<• year  period,   tie  plant   processed    1 '? million railons  of effluent   vitu  a 

removal   of  4i:VK)('   lbs  of    'Oo.    Tr.e   unit   was   operated   at  a cost  of 40¿/i,no>0 

railons  of  water treated,   or   Uy/lb   of <'X)\>  removed. 

Activated  carbon   is  carbon that   has  been processed  to  obtain  surface areas 

of the  order  of   1000   scoiare  metres/eram by   penetratine the   particles  with 

molecular  sized   pores.     Toleeules  are  physically bound,   or  adsorbed,   onto toe 

pore structure of the activated carbon. 

The  only   interference   to  efficient   operation  of  the activated  carbon vas 

the   presence  of alpae. 

A  convenience  of using activated  carbon   is that   it  can  be  regenerated by 

exposure to high temperatures  (1700°-1850°F)   for several days. 

Energy Considerations and Costs of Pollution Control   in Jome   Petrochemical 

Processes 

The costs of water pollution control as well as energy consumption have 

been summarized below for some processes of the petrochemical industry. The 

reader can utilize the column which  specifies per cent  of operating costs 

o 



-   45b 

represented  by   pollution costs   to ret   a measure  of the  expense   involved   in 

' '.f'6.r, ;r.,'  up  '/aste   water   from   this   industry.      In  general,   trie  table   shows 

tuât   pollution control   costs  are  not  a  substantial   percentage  of  operating 

expenses  and   the    \so  of  energy   for  pollution control   is   small. 

r(lr;es5                    I'n.cess       Pollution    Pollution     Process     Pollution Pollution-control 
operating      control           costs         energy         control energy   usage, 

costs         operating             of             usage         energy of 
"/ton             costs         operating    million         usage operating energy 

«¿/ton                                 Btu/ton      million 
Btu/ton 

' ! efins 
tr.ane   propane  coil 1)4 
crack in;- 

Naphtha coil ?5u 
crack mr 

Cas-oi 1   coi 1 ?<)() 
cracking 

Ammonia 
Via natural   gas Q7 
Via coal   rasi ficat ion     ; ](> 
Via  heavy-e 1 14h 
rasi fication 

Ì.4 

1.1 

4.f. 

O.Q 

1.4 

1.1 

Î.1 

44. ;> 

124 

167 

Ï7.0 

35.5 
35.0 

u.oo 

0.16 

n.-' 
O.b 
0.5 

< v<4 

O.07 

0.10 

1.1 
1    7 

1.4 

'ase  .'tudy  -    ,'1  Tablazo   'etrochemioal  Complex   m  Venezuela 

;   new  petrocr.emical   otmplex which  will   ultimately   include more than   two 

dozen   individual   process  units   is  under construction  on  the bfinks   of Lake 

Maracaibo  in  Venezuela.     The  complex employs  the   first   industrial   waste  treatment 

facility  of   its  kind   in  Venezuela /Ts/. 

A   comprenensive  system   had  to be desired  because  of  tue diversity  of   plants 

scheduled  to  ro  on  stream,  yet   the system  had  to  be  economically   ¡Tactical. 

Trie   first   step  was  to  undertake  a base   line  survey  to determine the  water 

quality  of  the   lake  before  construction  of the  plant,     .later  samples were  taken 

from  the   lake  at  different   locations  and depths   in various   seasons.     Analyses 

of the  samples   provide  a bench  mark against   which   future  measurements  of effects 

of effluent discharge can be compared. 

To develop the  pollution control  system, different types of treatment 

processes were evaluated.     Bench  scale studies were carried out  using waste 

water samples collected  from operating plants  in the UP>A  which use the same 

processes as those planned  for ;<ll Tablazo.     Results   indicated that  the process 

which ivas the most  effective and economically reasonable of treating vaste  waters 

to  obtain the desired  quality  level would be an activated  sludge  system. 
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The  activated   sitid^e  system   is designed  to  achieve   overall   pollutant 

redaction  of  '.p    chemical   oxygen demand  and   over 0(y    biochemical   oxygen 

demand.    Trie  system   requires  tnat   each   process  unit   pre-treat  effluent   if 

necessary   prior to disciarr«   to  the  activated   sludge  plant.     The   plant 

presenti,-  r; and i es  a design   f ! ow  of about   ?1   million   litres/day  and   incorporates 

provision   for  expansion  to  triple that  capacity.    A   holding basin  of  6h million 

litres  provides   surre  capacity   for   incoming waste water  not   suitable   for 

treatment,   storm   ipter,   or  any   effluent   not   suitable   for  discharge   into  tie 

lake,     .in  oil   recover-.'   system   is   fitted   for  the  basin.       >lud<-e   from  Ve  waste 

water  treatment   niant   is  V1 tokened,   aerated  and  trucked   to a  ?<     iettare   land 

farming are* where   it   is dried,   spread  and disced  into  the  soil. 

\ coat  allocation  pro/gramme  allocates  proportionate costs   for 

waste  water  treatment   to  the  different   process   operations.     The  major  incoming 

waste  steams  are continuously   sampled  and etiarges  for  treatment   are  computed 

based  on the   ouant i t.y  and  relative  treatability  of the  waste.    The  cost 

allocation  is  based   on  the BOI)     and COP.     .'aste  streams  are  also  analysed   for 

certain toxic   substances which,  could  reduce   removal   efficiency  and   increase 

treatment  costs. 

By   including both   presently  planned  facilities  and   potential   expansion 

into account,   the  waste water  treatment   system will  allow  the PI  Tablazo  petro- 

chemical  complex to  make an  important  contribution to  the Venezuela  economy 

without  harming the  valuable  resources  of Lake  Maracaibo. 

Case Wtud" of .'a:.er   Pollution Control - Waterton Pas  Plant  of Whell Canada Ltd. 

The .(aterton '".as   Plant,   one  of the   largest  sour  cas   plants   in North Amen« a, 

generates three  waste   streams ¿J§/' 

1. Organic  waste - Water  from  the (»as treating process contains  sulphides,  oil 

and grease,  and  traces  of methanol,  glycol,  and  sulphinol.   The chemical 

oxygen demand averages about  3t000 to 4,000 mg/l;     the average  flow rate 

is   120 U'J  gallons/minute; 

2. Non process waBte - This  waste water is  generated  from boiler blow downs, 

cooling tower blow-downs and  floor drains from non-gas processing areas. 

The chemical  oxygen demand  is about 60 mg/l,  and  the average flow is  110 

US gallons per minute; 

3.      Domestic wastes  from the staff facilities. 
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New waB-te water treatment  facilities to handle these wastes  were built at 

an expense  of Í4. 3 million.    This  plant  has been  on  stream since  mid-107^  and 

has met   stringent design  specifications  selected   to more  than meet   requirements 

of the Alberta  Province Department   of Knvironment.     Proof of effluent   duality   is 

constantly demonstrated  by  growing young fish   in   a   flowing effluent   stream  after 

treatment   of waste water. 

To develop the waate treatment   facilities,   a three month  pilot  study 

investigated   various treatment   processes.    A  bench   scale  study  using actual 

waste samples  evaluated the alternatives of chemical  treatment,   filtration and 

activated carbon adsorption. 

The  final design of the full  scale plant   ircludes oil  removal,  two  sequential 

aerobic biological  processes (an aerated lagoon and   improved trickling filter), 

chemical  treatment,   filtration,  and activated carbon adsorption.     Sludge  is 

thickened, dewatTed and combusted  in a multiple  hearth  furnace. 

Maintenance of the system costs $50,000 p   - year plus a chemicals cost  of 

56 per thousand gallons treated.    The process'.. ajuX corresponding purpose are 

summarized  in Table  1 below.    Table 2 shows  the waste characteristics of the 

influent  and the resulting effluent. 

TABLE  1 

Procw 

Evaporation ponds 

Free and emulsified oil  removal 

Aerated lagoon 

Improved trickling filter 

Equalization pond 

Chemical treatment 

Filtration 

Activated carbon adsorption 

Bioassay 

Purpose 

Accept shock waste loads and provide 
system stability 

Prepare waste for biological treatment by 
removing biologically inhibitory or toxic 
oil levels 

Treat waste biologically and equalize loads 

Provide high-rate biological treatment 

Provide equalization and  surge capacity; 
allow constant  fi ^w to trickling filter 

Remove biological  suspended  organice and 
phosphates;     prepare the  waste  for  filtration 

Remove remaining suspended   solids 

Remove remaining dissolved  organics,  color 
and toxicity 

Ensure effluent's nontoxicity to sensitive 
fish species 
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TABI/:  2 

laste stream      To?.! effluent 

<:Of   rWl 3,200 25 - 50 

.luspended  nolids,   mg/l 160                     0-10 

Juif me,  mg/l 50                     0  -    0.2 

i il   aid   Teat'e,   r„-/l 40                     0  -  10 

'.rnnonia nitroçen,   rnr/l 5                     t5 _    5 

TOH  (threshold   odor number) > 200                    < 25 

Toxicity extreme Non-toxic  to 
rainbow trout 
f ingerì ings 

Case .-itiidy - Upgrading the i'lffluentB Discharged  from a  Petrochemical Facility 

A  stud/  was made  of a petrochemical  complex producing polyester resins 

to determine appropriate .vaste treatment  facilities. 

The sources of wastewater wert an  follows: 

1. Process wash and  rinse resulting from periodic cleaning of reaction 

vessels.     COU   =  6O00 mg/l; 

2. Scrubber blow dovm from intermediate product wastes.     GOD  =  100,000 mg/l; 

3. Base flow - a composite of other wastewaters from a multiple of sources 

exclusive  of  1.   and 2.    COD  = 2,500 mg/l; 

4. Jtorm run-off.   COD  - 2,500 mg/l. 

The  pH of scrubber blov; dovm was  I.5.     pH values irom other streams are  variable 

but normally  in the  vicinity of 7. 

The final  recommendations of this survey  included: 

(a) Segregation of the highly concentrated scrubber blow-down from the other process 

streams.    Liquid   incineration was recommended as the disposal process; 

(b) Altering the design of the collection system so that the remaining warce 

streams discharge  was to a single point.    This flow was to receive biological 

treatment. 

The impact  of variable flow loadings was accounted  for by providing a 

completely mixed biological treatment  siaed for excess capacity. 
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