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A b s t r a c t  

This  paper is in tended  a s  a  guide  t o  p o r t  p l a n n e r s  i n  t h e  p re l iminary  

assessment of t h e  requirements  f o r  p o r t  f a c i l i t i e s ,  s e r v i c e s ,  and l a y o u t  

t o  suppor t  t h e  requirements  of i n d u s t r i e s  which b e n e f i t  from c o l o c a t i o n  w i t h  

a  p o r t .  The b a s i c  c h a r a c t e r i s t i c s  and requirements  of each t y p e  of i n d u s t r i a l  

p l a n t  a r e  d i s c u s s e d ,  and t h e  demand f o r  p o r t  r e s o u r c e s  i s  i d e n t i f i e d .  

Acknowledgement 

The a u t h o r s  would l i k e  t o  thank Y r .  C. Conway of t h e  World Bank 

and M r .  Mr. 3 .  Lethbr idge of t h e  World Bank f o r  t h e i r  c o n t r i b u t i o n  i n  reviewing 

and e d i t i n g  t h e  f i n a l  d r a f t  and c o l l e c t i n g  some of t h e  numerous d a t a  included 

i n  t h i s  s tudy.  

The views and i n t e r p r e t a t i o n s  i n  t h i s  document a r e  those  of t h e  a u t h o r s  and 
should n o t  be a t t r i b u t e d  t o  t h e  World Bank, t o  i t s  a f f i l i a t e d  o r g a n i z a t i o n s ,  o r  
t o  any i n d i v i d u a l  a c t i n g  i n  t h e i r  b e h a l f .  





TABLE OF CONTENTS 

Page 

0. INTRODUCTION 

0 .1  Background 
0.2 Objec t ive  of t h e  Report 
0.3 P r e s e n t a t i o n  of t h e  I n d u s t r i e s  
0.4 Fur the r  Development 

I. IRON AND STEEL 

I. A 
I .A.l  
I.A.2 
I.A.3 
1 . B  
I . B . l  
I . B . l . l  
1 .B. l . l .a  
1.B.l . l .b 
I.B.1.2 
I.B.1.2.a 
I.B.1.2. b 
I.B.2 
I.B.3 
I.B.4 
I.B.5 
I.B.6 
I . B .  7 
I.B.8 
1 . C  
I . C . l  
I. C. 2 
I .C.3 
I.C.4 
I.C.5 
I. C. 6 
I. D 

Data Sheet . 
Gener a 1  
D i r e c t  R e d u c t i o n / E l e c t r i c  Arc Furnace 
Blast Furnace/Basic Oxygen Furnace 
I r o n  and S t e e l  I n d u s t r y  D e s c r i p t i o n  
I r o n  and S t e e l  Manufacturing Processes  
Ir onmaking 
B l a s t  Furnace 
D i r e c t  Reduction Furnace 
Steelmaking 
LD Steelmaking 
E l e c t r i c  Furnace Steelmaking ("Minimills") 
S t e e l  P l a n t  S i z e  and Raw M a t e r i a l  Requirements 
S t e e l  P l a n t  S i t e  Requirements 
S t e e l  P l a n t  Water and Power Consumption 
Steelmaking Personnel  Requirements 
I r o n  and Steelmaking Technology A l t e r n a t i v e s  
Environment a 1  Impact 
Seaborne I r o n  Ore and Coal Transpor t  
S t e e l  P l a n t  D e s c r i p t i o n s  
ISCOTT S t e e l  P l a n t  
HADEED S t e e l  P l a n t  
Fukuyama I r o n  Works 
SIDOR S t e e l  P l a n t  Expansion Complex 
Hunters ton Coal/Ore Import Terminal 
Tubarao I r o n  Ore Loading F a c i l i t y  
S t e e l  I n d u s t r y  S t a t i s t i c s  

11. ALUMINUM 

11. A Data Sheet 
I I . A . l  General  
1 I . A .  2 P l a n t  Requirements 
11. B Aluminum I n d u s t r y  D e s c r i p t i o n  



TABLE OF CONTENTS (Cont ' d )  

Page 

11. ALUMINUM (Cont'd) 

Aluminum Manufacturing Processes 
Bauxite 
Alumina Refining 
Aluminum production 
M i l l  and Finished Aluminum Products 
Power Requirements 
P lan t  S i t e  and Size Requirements 
Water and Labor Requirements 
Environmental Impact 
Seaborne Bauxite and Alumina Transport 
P lan t  Descript ions 
Alumina P lan t  
Aluminum Smelter 
Aluminum Smelter 
Aluminum Smelter 
Bauxite/Alumina/Aluminum Complex 
Self-discharging Alumina Carr ie r  
Aluminum Industry S t a t i s t i c s  

111. CEMENT 

Data Sheet 
General 
Cement Shipment 
Cement Industry Descript ion 
Cement and Its Uses 
Cement Manufacturing Process 
Raw Mater ial  Preparat ion 
Calcinat ion 
Clinker Processing 
Energy Consumption i n  Cement Production 
Environmental Impact 
Seaborne Cement Transport and Handling 
Plant  Descript ions 
New Cement Works i n  Indonesia 
Cement P lan t  
Cement P lan t  
Cement Industry S t a t i s t i c s  

FERTILIZERS 

I V  .A Data Sheet 
I V . A . l  General 
1V.A. 2 Phosphatic F e r t i l i z e r s  
1V.A.  3 Nitrogenous F e r t i l i z e r s  
IV.A.4 Potass ic  F e r t i l i z e r s  
IV.A.5 Sulphur 

1v-1 
1v-1 
IV- 1 
1v-3 
1v-4 
1v-5 



TABLE OF CONTENTS (Cont'd) 

Page 

FERTILIZERS (Cont ' d )  

1V.B 
I V .  C 
I V . C . 1  

I V . C . 1 . 1  
IV.C.1.2 
IV.C.1.2.a 
IV.C.1.2.b 
IV.C.1.2.c 
IV.C.1.2.d 
IV.C.1.3 
IV.C.1.3.a 
IV.C.1.3. b 
IV.C.2 

IV.C.2.1 
IV.C.2.1.a 
IV.C.2.1.b 
IV.C.2.2 
1V.D 
I V . D . l  
I V . D . l . l  
IV.D.1.2 
IV.D.1.3 
IV.D.1.4 
IV.D.1.5 
IV.D.1.6 
I V . D . l .  6.a 
IV.D.1.6.b 
1V.D.  2 
IV.D.3 
IV.D.4 
1V.E  
I V .  E. 1 
IV.E.2 
1V.F 
I V .  F. 1 
1V.F. 2 
I V .  G 
I V . G . l  
I V . G . l . l  
IV.G.1.2 
IV.G.1.3 
IV.G.2 

F e r t i l i z e r  Types 
Phospha t ic  F e r t i l i z e r s  
Phosphoric Acid Manufacture and Raw M a t e r i a l  

Requirements 
Phosphoric Acid Process  A l t e r n a t i v e s  
Phosphoric Acid Process  Equipment 
Grinding 
S l u r r y  Reactor  
F i l t r a t i o n  
Vacuum Evaporat ion 
Gypsum Disposa l  and Cooling Water Treatment 
Gypsum Disposal  
Cooling Water Treatment 
Phospha t ic  F e r t i l i z e r  Manufacture and Raw 

M a t e r i a l  Requirements 
T r i p l e  Superphosphate 
Non-granular TSP 
Granular TSP 
S i n g l e  Superphosphate (SSP) 
Nitrogenous F e r t i l i z e r s  
Ammonia . 
S y n t h e s i s  Gas P r e p a r a t i o n  
S h i f t  Conversion 
Gas P u r i f i c a t i o n  
Ammonia S y n t h e s i s  
I n p u t  Requirements 
Ammonia S to rage  
F u l l y  R e f r i g e r a t e d  S to rage  
Semi- re f r ige ra ted  and P r e s s u r e  S to rage  
N i t r i c  Acid 
Ammonium N i t r a t e  
Urea 
Other F e r t i l i z e r s  
Potash F e r t i l i z e r s  
Sulphur F e r t i l i z e r s  
Environmental Impact 
Phosphat ic  F e r t i l i z e r  F a c i l i t i e s  
Nitrogenous F e r t i l i z e r  F a c i l i t i e s  
Seaborne F e r t i l i z e r  Transpor t  
Phosphate F e r t i l i z e r s  
Phosphate Rock 
Phosphoric Acid 
Finished Phosphate Produc t s  
Nitrogen F e r t i l i z e r s  

IV- 6 
iv-10 
1v-12 



TABLE OF CONTENTS (Cont'd) 

Page 

I V .  FERTILIZERS (Cont'd) 

IV.G.2.1 Ammonia 
IV.G.2.2 F in i shed  Nitrogenous Produc t s  
I V .  G. 3 Potash  . 
I V .  G. 4 Brimstone and Su lphur ic  Acid 
I V .  H F e r t i l i z e r s  I n d u s t r y  S t a t i s t i c s  

V. PETROCHEMICALS 

V.A 
V . A . l  
V.A.2 
V.A. 3 
V.A.4 
V.B 
v. C 
v.c.1 
v.c.1.1 
V . C . l . 1 . a  
V.C.1.l.b 
V.C.l.1.c 
V.C.l.1.d 
V-C.1.l.e 
v-C.1.1.f 
v.c.1.2 
V.C.1.2.a 
V.C.1.2. b 
v.c.1.2.c 
V.C.1.2.d 
v.c.2 
v. C. 2.1 
v.c.2.2 
V.C.2.3 
v.c.2.4 
v. C. 3 
v .c .4  
V. D 
V. E 
V . E . l  
V. E. 2 
V.E.3 
V. F 
V. F. 1 
V.F.2 
V. F. 3 

Data Sheet 
General  
O l e f i n  P l a n t s  
I n d u s t r y  Requirements 
Shipping 
Gener a 1  Cons idera t ions  
O l e f i n  P l a n t s  
Ethylene and I ts  D e r i v a t i v e s  
Ethylene Manufacturing Process  
P y r o l y s i s  Furnaces 
Waste Heat Recovery 
P y r o l y s i s  Gas Condi t ioning 
Cryogenic Treatment 
F r a c t i o n a t i o n  
Ethylene S to rage  
Ethylene D e r i v a t i v e s  
Low and High Densi ty  Po lye thy lene  
Vinyl Chlor ide  Monomer and Po lyv iny l  Chlor ide  
Ethylene Oxide and Ethylene Glycol 
Ethylbenzene-Styrene-Polystyrene 
Propylene and Its D e r i v a t i v e s  
Propylene Manufacture 
A c r y l o n i t r i l e  
Polypropylene 
0x0 Alcohols 
Butadiene 
Benzene, Toluene and Xylene (BTX) Aromatics 
Environmental Impact 
T r a n s p o r t a t i o n  of Petrochemicals  
Liquef ied Petrochemical  Gases 
Liquid Petrochemicals  
So l id  Petrochemicals  
Petrochemical  P l a n t  D e s c r i p t i o n s  
Tr iunfo  Ethylene P l a n t  
P r i o l o  O l e f i n  P l a n t  
J u b a i l  I n d u s t r i a l  P o r t  

iv-63 
iv-64 
IV-  6 5  
1v-66 
1v-67 



TABLE OF CONTENTS (Cont'd) 

Page 

V I .  PAPER 

V1.A 
VI.A.l 
V1.A. 2 
VI.A.3 
VI.A.4 
V1.B 
V I . B . l  
VI.B.2 
VI.B.2.1 
V1.B. 2.1.a 
VI.B.2.l.b 
VI.B.2.l.c 
VI.B.2.1.d 
VI.B.2.2 
VI.B.2.3 
V I . B . 3  
VI.B.3.1 
VI.B.3.2 
VI.B.3.2.a 

V1.B. 6.1 
V I .  B. 6.2 
V I .  C 
V I . C . 1  
V I  .C. 2 

Data Shee t  
General  
Pu lp ing  P r o c e s s e s  
Paper-making 
Transpor t  
Paper Manufacture 
C l a s s i f i c a t i o n  o f  P a p e r s  
F i b r o u s  Raw Materials Used i n  Paper  Manufacture 
Wood 
Softwood 
Hardwood 
P l a n t a t i o n  Wood 
Wood Residues  
Non-wood P l a n t s  
Wastepaper 
Manufactur ing Processes  
Wood Handling and P r e p a r a t i o n  
Pu lp ing  P r o c e s s e s  
Mechanical  Pu lp ing  
- Stone-ground wood pulp  (GWP) 
- Ref ine r  mechanical  pu lp  (RMP) 
- Thermomechanical pu lp  (TMP) 
- Chemimechanical pulp  (W) 
- Chemithermomechanical pu lp  (CTMP) 
- Bleaching mechanical  p u l p s  
Semichemical Pu lp ing  
- The c o l d  soda p r o c e s s  
- N e u t r a l  s u l p h i t e  semichemical  pu lp  (NSSC) 
Chemical Pu lp ing  
- The s u l p h a t e  p r o c e s s  - The s u l p h i t e  p r o c e s s  
Paper -making 
Environmental  Impact 
Gaseous Emissions 
Liquid  E f f l u e n t s  
S o l i d  Wastes 
F o r e s t  Product  Transpor t  
Pulpwood Logs 
Wood Chips 
Pulp  and Paper  
P o r t s  Handling F o r e s t  P roduc t s  
Major C o n s i d e r a t i o n s  i n  P lann ing  Pulp  and Paper 

I n d u s t r i e s  
A l t e r n a t i v e  Manufacturing P r o c e s s e s  
P l a n t  S i t i n g  
Pulp  and Paper M i l l  D e s c r i p t i o n s  
Bleached Su lpha te  Pu lp ing  M i l l  
I s l a n d  Paper M i l l s ,  New Westminster ,  B.C., 

Canada 
- v i i -  





LIST OF FIGURES 

Page 

IRON AND STEEL 

ALUMINUM 

CEMENT 

Schematic summary of i r o n  and s teelmaking 
Schematic of a t y p i c a l  b l a s t  fu rnace  o p e r a t i o n  
S t e e l  p l a n t  l a b o r  f o r c e  and annual  ou tpu t  
Layout of Fukuyama i r o n  works 
M a t e r i a l  and p roduc t s  f low a t  t h e  Fukuyama i r o n  works 
SIDOR p l a n t  l a y o u t  
M a t e r i a l s  f low a t  t h e  SIDOR DRI s t e e l  p l a n t  
Locat ion of t h e  Hunters ton o r e  and c o a l  t e r m i n a l  
Layout of Tubarao i r o n  o r e  l o a d i n g  t e r m i n a l  
Equipment arrangements a t  t h e  Tubarao i r o n  o r e  t e r m i n a l  

Schematic overview of  aluminum manufactur ing p rocess  
I d e a l i z e d  Bayer p rocess  f low s h e e t  
Bayer p rocess  f o r  producing one tonne of alumina 
Alumina r e f i n i n g  
Hall-Heroult  p r o c e s s  f o r  producing one tonne o f  aluminum 

from alumina 
M a t e r i a l  ba lance  f o r  p roduc t ion  of one tonne .o f  pr imary 

aluminum 
Energy consumption i n  t h e  primary aluminum i n d u s t r y  

(Western World - 1981) 
Main energy f lows w i t h i n  t h e  aluminum i n d u s t r y  

(Western World - 1981) 
Geographical  breakdown of b a u x i t e ,  alumina and aluminum, 

1981 
General  l a y o u t  of i n t e r a l u m i n a  p l a n t  s i t e  
Layout of Dubai aluminum s m e l t e r  
Locat ion of proposed Ind ian  alumina p l a n t  and smel te r  

Line diagram of cement manufacturing p rocess  
Raw gr ind ing  department (dry  p r o c e s s )  schemat ic  
M a t e r i a l  f lows i n  cement manufactur ing 
Four-stage suspension p r e h e a t e r  k i l n  
Thermal energy consumption i n  v a r i o u s  pyroprocess ing 

systems 
Locat ion of t h e  Semen Andalas works (Lho'nga and Belawan) 
Layout of t h e  Lho'nga cement works 
Locat ion map of t h e  Genstar  Cement Ltd. p l a n t  a t  T i lbury  

I s l a n d ,  Canada 
Flow s h e e t  - Genstar  Cement Ltd. - T i l b u r y  p l a n t  
P l o t  p l a n  - Samchok p l a n t  



LIST OF FIGURES (Cont 'd) 

Page 

FERTILIZERS - 
I V  . B-1 
I V .  C-1  
IV. C-2 
I V .  C-3 
I V .  C-4 
1V.C-5 

I V .  C-6 
I V  . D-1 
I V .  D-2 
I V  . D-3 
I V  . D-4 
IV-D-5 
1V.D-6 

P r i n c i p l e s  f o r  p roduc t ion  o f  f e r t i l i z e r s  
U.S. phosphate rock  demand 
Flow diagram of wet p r o c e s s  phosphoric  a c i d  p l a n t  
M a t e r i a l  ba lance  f o r  a phosphoric a c i d  p l a n t  
Manufacture o f  run-of-pile t r i p l e  superphosphate  
S l u r r y  p r o c e s s  f o r  t h e  manufacture of g r a n u l a r  t r i p l e  

superphosphate  
Continuous manufacture o f  s i n g l e  superphosphate  
Flow c h a r t  o f  ammonia s y n t h e s i s  
Typica l  f lowsheet  f o r  ammonia p roduc t ion  
Typical  ammonia s y n t h e s i s  loop 
S impl i f i ed  diagram of r e f r i g e r a t e d  s t o r a g e  f a c i l i t y  
Medium-pressure n i t r i c  a c i d  p r o c e s s  ( W E )  
Typica l  f lowsheet  f o r  ammonium n i t r a t e  p roduc t ion  

PETROCHEMICALS 

PAPER 

V I  . B-1 
V I  . B-2 
V I  . B-3 
V I .  B-4 
V I .  B-5 
V I  . B-6 
V I  . B-7 
V I  . B-8 
V I  . B-9 
V I  . B-10 

Chain p roduc t ion  of pe t rochemica l s  
Flow schemat ic  f o r  e t h y l e n e  manufacture 
Vinyl c h l o r i d e  monomer p roduc t ion  
Ethylene ox ide  p roduc t ion  
Product ion of e t h y l e n e  g l y c o l s  from e t h y l e n e  o x i d e  
Ethylbenzene p roduc t ion  
S tyrene  p roduc t ion  
Produc t ion  of propylene by dehydrogenation of propane 
A c r y l o n i t r i l e  p roduc t ion  
2-ethylhexanol p roduc t ion  
Butadiene p roduc t ion  by dehydrogenat ion of n-butanes 
BTX produc t ion  from p y r o l y s i s  g a s o l i n e  
Cyclohexane p roduc t ion  
Temperature/pressure  r e l a t i o n s h i p s  f o r  s e l e c t e d  l i q u e f i e d  

gases  
Tr i u n f o  p l o t  p l a n  
P r i o l o  p l o t  p l a n  
Petrochemical  and o t h e r  p l a n t s  a t  t h e  J u b a i l  i n d u s t r i a l  

p o r t  

U s e  of wastepaper ,  1978 
General  p rocess  f low i n  a pulp  m i l l  
Separa t ion  of f i b e r s  from nonf ib rous  r e s i d u e s  
Pocket g r i n d e r  
Ref ine r  mechanical  pu lp ing  p rocess  f low 
The s u l p h a t e  p r o c e s s  f low 
The s u l p h i t e  p rocess  f low 
S t e p s  i n  paper-making 
Paper m i l l  p r o c e s s  f low 
Paper machines 

- ix-  

IV- 9 
iv-11 
1v-13 
1v-14 
IV- 2G 
1v-26 



LIST OF TABLES 

Page 

IRON AND STEEL 

ALUMINUM 

S e l e c t e d  i r o n  o r e  d i s c h a r g e  f a c i l i t i e s  f o r  l a r g e  c a r r i e r s  1-14 
S i t e  space  of Japanese  s t e e l  p l a n t s  1-16 
Water consumption in a Japanese  s t e e l  p l a n t  producing 1-18 

2.5 m i l l i o n  t o n s  of s t e e l  pe r  year  
C a p i t a l  c o s t s  of a  DR+EF p l a n t  producing 500,000 t o n s  of 1-23 

s t e e l  pe r  y e a r  
Operat ing c o s t s  (excluding energy)  f o r  a  400,000 t o n l y e a r  1-23 

c a p a c i t y  sponge i r o n  p l a n t  
E f f e c t  o f  g a s  and e l e c t r i c i t y  p r i c e s  on o p e r a t i n g  c o s t s  1-24 

f o r  a  400,000 t o n s l y e a r  c a p a c i t y  sponge i r o n  p l a n t  
E l e c t r i c  a r c  s t e e l  o p e r a t i n g  c o s t s  (mel t ing and c a s t i n g )  1-25 

a t  an  annual  c a p a c i t y  of 500,000 t o n s  s t e e l  
World seaborne t r a d e  of i r o n  o r e ,  1973-1983 1-30 
Composition of world seaborne hard c o a l  t r a d e ,  1973-82 1-30 
S i z e s  of s h i p  t r a n s p o r t i n g  i r o n  o r e ,  1968-78 1-32 
I r o n  o r e  shipments.  S i z e  d i s t r i b u t i o n  of v e s s e l s ,  1983 1-32 
S i z e  of s h i p s  t r a n s p o r t i n g  c o a l ,  1973-1983 1-34 
I r o n  o r e  mining s t a t i s t i c s ,  1981 1-52 
I r o n  o r e :  p roduc t ion ,  t r a d e  and apparen t  consumption, 1981 1-55 
The major s teel -producing c o u n t r i e s ,  1981 and 1982 1-56 
Crude s t e e l  p roduc t ion  by p r o c e s s ,  1982 1-57 
Apparent steel consumption, 1976 t o  1982 1-58 
World c r u d e  s t e e l  p roduc t ion ,  1973-1982 1-59 
1983 L-D s teelmaking c a p a c i t y  1-61 
Direct-reduced i r o n  o p e r a t i o n s ,  1983 1-68 
Crude s t e e l  ou tpu t  of t h e  wor ld ' s  50 l a r g e s t  producers  1-69 

i n  1983 
Apparent pe r  c a p i t a . c r u d e  s t e e l  consumption i n  s e l e c t e d  1-70 

c o u n t r i e s ,  1938, 1960 and 1980 

Ranges of b a u x i t e ,  energy,  l a b o r ,  and raw m a t e r i a l s  t o  make 11-13 
alumina r e q u i r e d  t o  produce 1 s h o r t  ton  of primary 
aluminum meta l  

Estimated ranges  of alumina,  energy,  l a b o r  and raw m a t e r i a l s  11-17 
t o  make one s h o r t  ton of primary aluminum meta l  

Power requirements  f o r  r e c e n t l y  c o n s t r u c t e d  and planned 11-22 
new s m e l t e r s  

Primary energy consumption f o r  some m i l l  p r o c e s s e s  and f o r  11-23 
secondary smel t ing  i n  Europe, 1980 

Labor requirements  f o r  a  proposed alumina p l a n t  i n  Jamaica 11-29 
World seaborne t r a d e  of baux i te la lumina ,  1973-83 11-33 
S i z e  of s h i p s  t r a n s p o r t i n g  bauxi te /a lumina 11-33 
P r i n c i p a l  p o r t s  load ing  baux i te la lumina  11-35 
World p roduc t ion  of b a u x i t e  11-49 



LIST OF TABLES (Cont'd) 

Page 

I1.D-2 World p roduc t ion  of alumina 
1I.D-3 World p roduc t ion  o f  primary aluminum 
1I.D-4 World consumption of primary aluminum 
1I.D-5 Aluminum i n g o t  p roduc t ion  c a p a c i t y  

Comparison of p roduc t ion  c a p a c i t y  by k i l n  dimension and 
p r o c e s s e s  

Comparison of energy i n t e n s i t i e s  i n  end p roduc t s  of 
a l t e r n a t i v e  b u i l d i n g  materials 

Energy consumption by manufactur ing s t a g e  
Comparative f e a t u r e s  of d i f f e r e n t  cement p roduc t ion  

t echnolog ies  
Shares  of d i f f e r e n t  f u e l s  in thermal  energy consumption 
of cement p l a n t s  i n  s e l e c t e d  i n d u s t r i a l  c o u n t r i e s  

Vesse l s  i n  t h e  cement c a r r i e r  f l e e t  (above 1 ,000 DWT), 1982 
Vesse l s  i n  t h e  cement c a r r i e r  f l e e t  (above 10,000 DWT), 

1972-1982 
Approximate horsepower a v a i l a b l e  and i n  u s e  f o r  T i l b u r y  

I s l a n d  cement p l a n t  o p e r a t i o n  
P r i n c i p a l  equipment and d r i v e s  a t  t h e  Samchok p l a n t  
S u b s t a t i o n  t rans former  r a t i n g s  a t  t h e  Samchok p l a n t  
Cement p roduc t ion  and consumption i n  s e l e c t e d  c o u n t r i e s  
Cl inker  c a p a c i t y  by type  of p r o c e s s  i n  developing 

c o u n t r i e s ,  197 9 
Cement types  and p roduc t s  

FERTILIZERS 

I V .  C-2 

IV.  D-1 

I V .  D-2 

I V .  G-1 
I V .  G-2 
I V  . G-3 
I V .  H-1 
1V.H-2 
I V .  H-3 
I V .  H-4 
I V .  H-5 
I V .  H-6 

The NPK r a t i n g  f o r  major f e r t i l i z e r  p roduc t s  
C h a r a c t e r i s t i c s  of commercial p rocesses  f o r  phosphoric 
a c i d  manufacture  

Phosphate rock  g r i n d i n g  i n s t a l l a t i o n s  a t  s e l e c t e d  US 
phosphoric a c i d  p l a n t s  

Typica l  c e n t r i f u g a l  compressor s e r v i c e s  i n  a  modern 
ammonia p l a n t  

Comparison of ammonia p roduc t ion  i n p u t s  t h a t  r e s u l t  from 
us ing  a  f e e d s t o c k  of n a t u r a l  gas, naptha,  f u e l  o i l ,  o r  c o a l  

World p roduc t ion  and e x p o r t s  of f e r t i l i z e r  p roduc t s ,  1982 
S i z e  d i s t r i b u t i o n  of s h i p s  t r a n s p o r t i n g  phosphate rock  
Self -unloading phosphate tug /barge  u n i t  
World p roduc t ion  of phosphate  rock  
Exports  of phosphate rock  
World product ion of po tash  
Exports  of po tash  
F e r t i l i z e r  shipment s i z e  by r o u t e  and commodity 
F a c i l i t i e s  a t  f e r t i l i z e r  l o a d i n g  p o r t s  

IV-  55 
1v-59 
1v-61 
1v-68 
1v-69 
1v-7 0 
1v-7 1 
1v-7 3 
1v-76 



LIST OF TABLES (Cont'd) 

Page 

PAPER 

V I .  B-1 
V I .  B-2 

V I  . B-3 
V I  . B-4 
V I .  B-5 
V I .  B-6 
V I  .B-7 
V I  . B-8 
V I .  B-9 
V I .  B-10 

Petrochemical  r o u t e s  V-10 
Typica l  f e e d s t o c k s  and coproduct  r a t i o s  i n  e t h y l e n e  V-14 
manufacture  

C a r r i a g e  c o n d i t i o n s  f o r  s e l e c t e d  ship-borne l i q u e f i e d  V-56 
gases  

The chemical  t a n k e r  f l e e t  , 1973-1982 V-58 
The chemical  t anker  f l e e t  by s i z e ,  t y p e  and age,  1982 V-59 
P o l l u t i o n  p o t e n t i a l  of major l i q u i d  pe t rochemica l s  V-60 
Ship t y p e  requirements  accord ing  t o  t h e  IMO bulk  chemicals  V-62 

code 
Noxious l i q u i d  s u b s t a n c e s  accord ing  t o  MARPOL Annex I1 V-66 

US p roduc t ion  of paper and paperboard by g rade  
A g r i c u l t u r a l  r e s i d u e s  and c r o p s  considered s u i t a b l e  f o r  

paper manufacture 
Pulping p r o c e s s e s  
World p roduc t ion  of f o r e s t  p roduc t s ,  1973 and 1977 
World e x p o r t s  of f o r e s t  p r o d u c t s ,  1977 .  
F o r e s t  p roduc t s  p roduc t ion  and consumption by a r e a ,  1977 
World consumption of paper ,  1980 
The lumber c a r r i e r  f l e e t  by s i z e  and age  
F o r e s t  p roduc t  l o a d i n g  p o r t s  
F o r e s t  p roduc t  d i s c h a r g i n g  p o r t s  





0. INTRODUCTION 

0.1 Background 

Waterborne t r a n s p o r t  i s  t h e  cheapest  and sometimes the  on ly  a v a i l a b l e  

a l t e r n a t i v e  f o r  moving m a t e r i a l s  i n  l a r g e  amounts. I n  t h e i r  e f f o r t  t o  reduce 

t r a n s p o r t a t i o n  c o s t s  and t o  avoid m u l t i p l e  handl ing of m a t e r i a l s ,  i n d u s t r i e s  

which depend on impor t ing  l a r g e  volumes of raw m a t e r i a l s  and /o r  e x p o r t i n g  

s i g n i f i c a n t  q u a n t i t i e s  of end p roduc t s  o f t e n  s e l e c t  s h o r e l i n e  s i t e s  t o  g a i n  

easy  a c c e s s  t o  water.  

I n  some c a s e s ,  e x p o r t i n g  needs a r e  t h e  most c r i t i c a l  f a c t o r  i n  s i t i n g  

a n  i n d u s t r y  a d j a c e n t  t o  a  harbor .  Typ ica l  example is  t h e  o i l  r e f i n e r y  

i n d u s t r y .  S ince  a  r e f i n e r y  p l a n t  uses  crude o i l  a s  f eeds tock  whi le  i t  has  a  

spect rum of v a r i o u s  p roduc t s  a s  o u t p u t ,  domest ic  consumption of t h e  r e f i n e r y  

products  c r e a t e s  t h e  n e c e s s i t y  of l o c a t i n g  t h e  p l a n t  c l o s e  t o  t h e  consumers. 

I n  t h i s  way, a  number of p i p e l i n e s  o r  o t h e r  land t r a n s p o r t  modes can be 

e l i m i n a t e d  and a  s i n g l e  p i p e l i n e  i s  o n l y  needed f o r  supp ly ing  t h e  crude o i l .  

However, i f  a  g r e a t  p o r t i o n  of the  r e f i n e r y  p roduc t ion  i s  going t o  be 

expor ted ,  por t  su r round ings  become t h e  most f a v o r a b l e  s i t i n g  p o s i t i o n .  

Count r i e s  l a c k i n g  adequate  energy r e s o u r c e s  need t o  import l a r g e  

q u a n t i t i e s  of c o a l ,  01.1 o r  l i q u e f i e d  gases  thus  t ransforming many p o r t s  and 

h a r b o r s  i n t o  energy sources .  Th i s  f a c t ,  combined with t h e  l a r g e  c o o l i n g  

wa te r  needs of power p l a n t s ,  caused many such u n i t s  t o  be loca ted  near  p o r t s ,  

a f a c t  which i n  t u r n  a t t r a c t e d  energy i n t e n s i v e  i n d u s t r i e s  t o  t h e  a d j a c e n t  

w a t e r f r o n t .  Large enough p l a n t s  may have t h e i r  own por t  t e rmina l s .  
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The r o l e  of p o r t s  is thus  i n c r e a s e d ,  a s  they combine t h e i r  

t r a d i t i o n a l  f u n c t i o n  of l i n k  between land and sea  t r a n s p o r t  wi th  i n d u s t r i a l  

a c t i v i t i e s .  

The p o r t ' s  p o s i t i o n  a s  an o p e r a t i o n a l  l i n k  i n  t h e  i n d u s t r i a l  

product ion cha in  is  emphasized by t h e  f a c t  t h a t  i t  is  u s u a l l y  more economical  

f o r  prime p rocess ing  p l a n t s  t o  be l o c a t e d  c l o s e  t o  sources  of raw 

m a t e r i a l s ,  o r  a t  l e a s t  n e a r  t h e  por t  of expor t  s i n c e  primary p rocess ing  

reduces  the  bulk of t h e  m a t e r i a l s  t o  be handled and,  t h u s ,  t h e  t r a n s p o r t a t i o n  

cos t s .  I n  a d d i t i o n ,  t h i s  l o c a t i o n  e n a b l e s  t h e  producers of raw m a t e r i a l s  t o  

add value  t o  t h e i r  p roduc t s  through process ing.  However, f i n i s h i n g  

o p e r a t i o n s  should  be l o c a t e d  c l o s e  t o  t h e  main markets ,  and i t  i s  t h e  r o l e  of 

sh ipp ing  t o  t r a n s p o r t  t h e  i n t e r m e d i a t e  products.  Th i s  approach is very 

common today i n  i n d u s t r i e s  wi th  more than  one p rocess ing  s t a g e ,  e s p e c i a l l y  i n  

c a s e s  where s e v e r a l  k i n d s  of raw m a t e r i a l s  from d i f f e r e n t  o r i g i n s  a r e  

r e q u i r e d  f o r  t h e  manufacture of one end product. s h i p p i n g  of i n t e r m e d i a t e  

products  such a s  alumina and wood pulp a r e  t y p i c a l  examples. 

The c r e a t i o n  of custom f r e e  a r e a s  ( " f r e e  zones") w i t h i n  the  por t  can 

f u r t h e r  f o s t e r  t h e  development of i n d u s t r y  i n  a  por t  a r e a  by providing t h e  

o p p o r t u n i t y  f o r  customs f r e e  p rocess ing  of imported semi-finished and 

i n t e r m e d i a t e  p roduc t s ,  wi th  s h i p p i n g  immediately ad jacen t .  T h i s  is of 

cons ide rab le  s i g n i f i c a n c e  f o r  l abor  i n t e n s i v e  i n d u s t r i e s ,  which a r e  a b l e  t o  
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o p e r a t e  pl-ants i n  t h e  f r e e  zones of c o u n t r i e s  w i t h  cheaper  l a b o r  r ese rves .  

A t  t h e  same t ime ,  v a l u a b l e  employment o p p o r t u n i t i e s  a r e  provided i n  t h e s e  

c o u n t r i e s .  

I n d u s t r i a l  p o r t s  and i n d u s t r i a l  f r e e  zones a r e  c r e d i t e d  w i t h  

g e n e r a t i n g  over  3.5 m i l l i o n  new jobs i n  developing c o u n t r i e s 1 /  - a s  w e l l  a s  

over  $2 b i l l i o n  of new investment .  

A s i g n i f i c a n t  number of i n d u s t r i a l  p o r t s  have been developed i n  

r e c e n t  yea r s .  Many of t h e s e  have made o r  a r e  expected t o  make c o n t r i b u t i o n s  

t o  the  economic development of t h e i r  h i n t e r l a n d  and c o u n t r i e s ,  i n  terms o f :  

1. Employment g e n e r a t i o n ,  d i r e c t  and i n d i r e c t .  Tot a 1  employment 

genera ted  u s u a l l y  exceeds d i r e c t  employment by a  f a c t o r  of 4 ;  

2. Fore ign  exchange e a r n i n g s ,  a s  e x p o r t s ,  embodying domestic v a l u e  . 
added,  a r e  u s u a l l y  i n c r e a s e d ;  

3. I n c r e a s e  i n  u t i l i z a t i o n  of domestic s e r v i c e s  and c a p i t a l  f o r  

expor t  g e n e r a t  ion ;  

4. I n c r e a s e  i n  p o t e n t i a l  f o r  technology t r a n s f e r ;  

- A I D  Paper  No. 18,  1983, "Free Zones i n  Developing Count r i e s" .  
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5. I n c r e a s e  i n  f o r e i g n  c a p i t a l  inves tment ;  

6 .  T r a i n i n g  of domestic l a b o r  i n  new s k i l l s ;  

7 .  T r a n s f e r  of management know-how; 

8. Development of marketing and s a l e s  o p p o r t u n i t i e s  f o r  f r e e  zone 

and d o m e s t i c a l l y  manufactured products ;  

9. I n c r e a s e  i n  e n t r e p o t  / t ransshipment  t r a d e .  

Apart from i n d u s t r i a l  a c t i v i t i e s  l o c a t e d  a t  a  p o r t ,  p o r t s  have a l s o  

b e n e f i t e d  from t h e  indus t ry -por t  r e l a t i o n s h i p ,  a s  they have been a b l e  t o  

a t t r a c t  customers wi th  l a r g e ,  and f requen t  t r a n s p o r t  needs. In  a d d i t  i o n ,  

p o r t s  s t r o n g l y  r e l a t e d  t o  heavy i n d u s t r i e s  a r e  r e l a t i v e l y  i n v u l n e r a b l e  t o  

compet i t ion  from o t h e r  p o r t s .  

I n  t h e i r  e f f o r t  t o  cope wi th  t h e  needs of i n d u s t r y ,  p o r t s  a r e  s u b j e c t  

t o  t e c h n o l o g i c a l  changes of which t h e  fo l lowing  a r e  important  : 

Inc reased  v e s s e l  s i z e .  I n c r e a s i n g  c a p i t a l  and o p e r a t i n g  c o s t s ,  

e x p l o i t a t i o n  of n a t u r a l  r e sources  i n  more d i s t a n t  l o c a t i o n s ,  and 

high o p e r a t i n g  c o s t s  and g r e a t  compet i t ion  i n  t h e  s h i p p i n g  

i n d u s t r y ,  have a l l  c o n t r i b u t e d  t o  the  product ion of l a r g e r  

v e s s e l s .  While i n  1965 no s h i p  e x i s t e d  with a  summer draught of 

more than  55 f t . ,  i n  mid-1980 t h e  draught  of 31 pet roleum tankers  

exceeded 75 f t .  (0.9% of t o t a l ) ,  and 73 (1.6%) dry bulk c a r r i e r s  

had a  draught  of 58 f t .  and above2/. - For t h e  mment the  t rend 

2 / - Figures  according t o  L loyd ' s  R e g i s t e r  of Shipping,  S t a t i s t i c a l  

Tables .  
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towards l a r g e r  s h i p s  has  been reversed ,  but many p o r t s  s t i l l  need 

t o  deepen t h e i r  b e r t h s  and approach channels ,  as w e l l  a s  i n c r e a s e  

t h e  l e n g t h  and capac i ty  of the  ber ths .  

- Inc reased  h a n d l i n g  e f f i c i e n c y :  The l e n g t h  of time spen t  by s h i p s  

i n  p o r t  r e p r e s e n t s  a l o s s  of e a r n i n g  capac i ty  which can be of 

c r i t i c a l  Importance i n  economic t r a n s p o r t a t i o n ,  and thus  t h e r e  

has  been s i g n i f i c a n t  development i n  cargo hand l ing  ef f  i d e n c y  , 

p o r t  layout  and design.  The i n t r o d u c t i o n  of s p e c i a l  v e s s e l  types 

such a s  c o n t a i n e r  s h i p s ,  ro-ro v e s s e l s ,  and t h e  va r ious  types of 

barge c a r r i e r s ,  a s  w e l l  a s  the  developments i n  modern methods of 

hand l ing  bulk commodities with g r e a t l y  i n c r e a s e d  

load ing /d i scharg ing  r a t e s ,  have a l l  r e s u l t e d  i n  t h e  need t o  

provide modern e f f i c i e n t  p o r t  f a c i l i t i e s .  

Thus, t h e  e f f e c t i v e  planning of a  modern i n d u s t r i a l  por t  r e q u i r e s  

t h a t  por t  managers and engineers become f a m i l i a r  wi th  the  b a s i c  requirements  

of t h e  i n d u s t r i a l  p l a n t s  which may be i n t e r e s t e d  o r  could be a t t r a c t e d  t o  

base t h e i r  o p e r a t i o n s  w i t h i n  o r  ad jacen t  t o  the  por t .  

0.2 Objec t ive  of t h e  Report  

Th is  repor t  has been produced wi th  the  primary o b j e c t i v e  of 

providing r e a d i l y  a c c e s s i b l e  in format ion  t o  a p p r e c i a t e  t h e  o v e r a l l  impact 

t h a t  t h e  es tab l i shment  o r  expansion of i n d u s t r y  a t  o r  near  a  por t  will have. 

The r e p o r t  i s  aimed a t  use by t h e  s t a f f  of t h e  World Bank and i t s  borrowers. 



Bank's p o r t  and r e l a t e d  i n d u s t r i a l  p r o j e c t s  have i n  recen t  years  

o f t e n  e s t a b l i s h e d  t h e  need f o r  a  s imple  in format ion  base on t h e  main 

i n d u s t r i a l  c h a r a c t e r i s t i c s  , such a s  the  demands f o r  l and ,  coo l ing  wate r ,  

energy,  l a b o r ,  e t c .  and t h e  environmental  impact of t y p i c a l  w a t e r f r o n t  

i n d u s t r i e s  which would b e n e f i t  from l o c a t i o n  near  a  p o r t .  

Although m n y  d i f f e r e n t  types  of i n d u s t r y  can be found on w a t e r f r o n t s  

o r  near  p o r t s  throughout t h e  world,  not a l l  of them r e a l l y  need t o  be l o c a t e d  

a d j a c e n t  t o  navigable  water.  I n  t h i s  r e p o r t  on ly  those  i n d u s t r i e s  which a r e  

bes t  s i t e d  ad jacen t  t o  nav igab le  waterways o r  p o r t s  have been considered.  

Thus, t h e  fo l lowing  i n d u s t r i e s  have been inc luded :  

1. I r o n  and s t e e l  i n d u s t r y .  

2. ~ a u x i t e / a l u m i n u m  i n d u s t r y .  

3. Cement indus t ry .  

4. F e r t i l i z e r s  i n d u s t r y .  

5. Pet rochemicals  i n d u s t r y .  

6 .  Paper i n d u s t r y .  
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These i n d u s t r i e s  e i t h e r  import major i n p u t s  o r  expor t  t h e i r  p a r t i a l  

o r  end p roduc t s  u s i n g  waterborne  t r a n s p o r t a t i o n .  A g r e a t  p ropor t ion  of t h e  

w o r l d ' s  f l e e t  is engaged i n  such t r ades .  

It should  be noted t h a t  t h e  r e p o r t  s p e c i f i c a l . l y  excludes  o i l  

r e f i n e r i e s .  The reason  f o r  t h i s  is t h a t  t h i s  i n d u s t r y  is  extremely f l e x i b l e  

i n  i t s  p l a n t  s i z e  and a l though  f r e q u e n t l y  s i t e d  a d j a c e n t  t o  good, deep,  

nav igab le  waterways, t h e  i n p u t s  can be t r a n s p o r t e d  cheaply by p i p e l i n e s  whi le  

t h e  p roduc t s  may be d i s t r i b u t e d  through p i p e l i n e s  o r  land t r a n s p o r t .  Thus 

s i t i n g  t h e  r e f i n e r y  a d j a c e n t  t o  t h e  u l t i m a t e  consumers h a s  c o n s i d e r a b l e  

advantages.  

The r e p o r t  p r e s e n t s  f o r  each of the  por t  r e l a t e d  i n d u s t r i e s  desc r ibed  

t h e  fo l lowing  b a s i c  c r i t e r i a :  

- I n d u s t r i a l  p rocesses :  A s h o r t  d e s c r i p t i o n  of t h e  major 

manufactur ing p rocesses  used by each i n d u s t r y  a r e  p r e s e n t e d ,  a s  

t h e  r e p o r t  i s  in tended  p r i m a r i l y  t o  be used by por t  p lanners  wi th  

no o r  l i t t l e  background i n  i n d u s t r i a l .  opera t ions .  

- Raw m a t e r i a l s  requirements :  P r e d i c t i o n  of m a t e r i a l  handl ing 

requirements  i s  one of t h e  most important  f a c t o r s  i n  e f f e c t i v e  

por t  planning.  

- Water requirements :  For many i n d u s t r i e s ,  wa te r  i s  the  most 

important  commodity needed a p a r t  from t h e  raw m a t e r i a l s .  I t  i s  



so v i t a l  f o r  both p rocess ing  and c o o l i n g ,  t h a t  it f r e q u e n t l y  

c o n t r o l s  t h e  choice  of l o c a t i o n .  

- Energy requirements :  I n d u s t r i e s  such a s  i r o n ,  aluminum, 

chemical ,  cement, e t c .  a r e  i n t e n s i v e  energy consumers. It is 

e s s e n t i a l  t o  i n v e s t i g a t e  t h e  type  and e x t e n t  of t h e  energy needs  

f o r  any new development. The c o s t  of conse rva t ion  and supply  can 

have an important  e f f e c t  on i n d u s t r i a l  economics. Imports  of 

energy may under c e r t a i n  c o n d i t i o n s  a f f e c t  t h e  t r a n s p o r t a t i o n  

needs. 

- Area requirements :  F l a t  land is  a  prime requirement f o r  por t  

development and i n c r e a s e s  i n  importance where t h e r e  is t o  be 

a s s o c i a t e d  i n d u s t r y .  Land a v a i l a h i l i  t y  may be a  s e r i o u s  

c o n s t r a i n t  f o r  i n d u s t r i e s  l i k e  pet rochemical  p l a n t s  (a  f u l l y  

i n t e g r a t e d  e t h y l e n e  p l a n t  m y  r e q u i r e  a s  much a s  200 h e c t a r e s  ). 

- Labor requirements :  The p r i n c i p l e  e f f e c t  of l a b o r  is i ts ir  

i n f l u e n c e  on t h e  o p e r a t i n g  c o s t s  of an  i n d u s t r y .  From t h e  po in t  

of view of t h i s  r e p o r t ,  however, l a b o r  r equ i rements  a f f e c t  the  

i n f r a s t r u c t u r e  scope and t h e  access  t o  h i g h l y  popula ted a r e a s ,  a s  

i n  t h e  case  of i r o n  and s t e e l  i n d u s t r i e s .  

- Environmental  impacts :  A major problem c r e a t e d  by modern 

i n d u s t r y  is t h a t  of p o l l u t i o n .  P o r t - r e l a t e d  i n d u s t r i e s  have 

a t t r a c t e d  a  p e a t  dea l  of c r i t i c i s m  because of wa te r  and 

a tmospher ic  p o l l u t i o n ,  e s p e c i a l l y  a s  i n d u s t r i a l  p o r t s  a r e  u s u a l l y  
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adjacent: t o  h i g h l y  popula ted a reas .  I n  a d d i t i o n ,  b a u x i t e  and 

i r o n  p l a n t s  a r e  major land p o l l u t a n t s .  Environmental  p o l l u t i o n  

may be a  more s e v e r e  problem i n  i n d u s t r i a l i z e d  c o u n t r i e s  w i t h  

h i g h  p o p u l a t i o n  d e n s i t i e s  but  equa l  a t t e n t i o n  should  be pa id  i n  

devel-oping c o u n t r i e s  i f  s e r i o u s  problems a r e  t o  be avoided.  

- Transpor t  requirements :  It is important  t o  por t  p lanners  t o  know 

t h e  p h y s i c a l  form of cargoes  t o  be handled,  t h e  volumes of 

m a t e r i a l s  t o  be t r a n s p o r t e d ,  and the  usua l  p r a c t i c e  f o r  types  of 

s h i p s  and hand l ing  equipment employed i n  t h e  va r ious  t r a d e s .  

- Other  s p e c i a l  i s s u e s  of importance i n  each i n d u s t r y .  

It should  be no ted ,  t h a t  c a p i t a l  and o p e r a t i n g  c o s t s  a r e  no t  i n c l u d e d  

i n  t h e  a n a l y s i s ,  a s  they a r e  o u t s i d e  the  scope of t h i s  study. Costs  vary 

widely  from country  t o  coun t ry  and from p l a n t  t o  p l a n t ,  and t h e  a v a i l a b l e  

f i g u r e s  a r e  not always r e p r e s e n t a t i v e .  I n  a  few i n s t a n c e s ,  c o s t s  a r e  

mentioned but on ly  f o r  t h e  purpose of comparison between a l t e r n a t i v e  

methods. 

For  a l l  i n d u s t r i e s  included i n  t h i s  r e p o r t ,  s p e c i a l  a t t e n t i o n  has  

been given t o  developing c o u n t r i e s ,  i n  terms of s p e c i a l  problems o r  f a c t o r s  

a f f e c t i n g  the  s e l e c t  i o n  among a l t e r n a t i v e  manufacturing processes .  

I t  should  be a l s o  noted,  h e r e  t h a t  more d e t a i l e d  a n a l y s i s  of the 

environmental  impacts  of each i n d u s t r y  branch can be found i n  t h e  p u b l i c a t i o n  



"Environmental Guide l ines  ", O f f i c e  of Environmental A f f a i r s ,  World Bank. I n  

a d d i t i o n ,  v a l u a b l e  i n s i g h t s  i n  bulk s h i p p i n g  and bulk t e r m i n a l s  a r e  o f f e r e d  

by t h e  World Bank Techn ica l  Paper  No. 38,  "Bulk Shipping and Terminal  

L o g i s t i c s  ". 

0.3 P r e s e n t a t i o n  of t h e  I n d u s t r i e s  

The r e p o r t  is presen ted  i n  s i x  c h a p t e r s ,  one f o r  each i n d u s t r y .  

Each c h a p t e r  i s  d iv ided  i n t o  s e c t i o n s :  S e c t i o n  A ( d a t a  s h e e t )  i s  a b r i e f  

review of t h e  i n d u s t r y ,  and s e r v e s  a s  a qu ick  ready r e f e r e n c e  t o  t h e  i n d u s t r y  

requirements ,  i n  a way t h a t  t h e  r e a d e r  can have some i d e a  of t h e  c r i t i c a l  

i s s u e s  invo lved ,  wi thout  having t o  r ead  t h e  e n t i r e  chapter .  

S e c t i o n  B p rov ides  a r e l a t i v e l y  d e t a i l e d  d e s c r i p t i o n  of the 

i n d u s t r i a l  p rocesses  and t h e  requirements  i n  terms of ene rgy ,  m a t e r i a l s ,  

t r a n s p o r t ,  l a b o r  and o t h e r  r e l a t i v e  i s s u e s .  

S e c t i o n  C i s  included i n  each c h a p t e r  t o  g ive  the  u s e r  a b e t t e r  

unders tanding of t h e  i n d u s t r y .  Br ie f  d e s c r i p t i o n s  of a c t u a l  p l a n t s  a r e  

p resen ted .  F igures  and Tab les  a r e  provided f o r  each p l a n t  t o  o f f e r  some 

i n s i g h t s  i n  p l a n t  l ayou t  and t h e  way t h a t  c e r t a i n  problems have been 

t ack led .  

S e c t i o n  D i n c l u d e s  a l i s t  of s t a t i s t i c a l  t a b l e s  where considered 

necessary .  
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Chapters  I V  and V a r e  a n  excep t ion  t o  t h e  above p r e s e n t a t i o n  a s  t h e  

m u l t i p l i c i t y  of t h e  p roduc t s  of t h e  f e r t i l i z e r  and pet rochemical  i n d u s t r i e s  

made i t  necessa ry  t o  i n c o r p o r a t e  more s e c t i o n s  w i t h  a  d i f f e r e n t  s t r u c t u r e .  

0.4 F u r t h e r  Development 

It w i l l  be apparen t  t h a t  t h e  s i x  i n d u s t r i e s  analyzed i n  t h i s  

r e p o r t  do no t  cover  t h e  e n t i r e  spectrum of p o r t - r e l a t e d  i n d u s t r i e s .  Many 

more i n d u s t r i a l  p l a n t s  a r e  i n  many cases  loca ted  on w a t e r f r o n t s  f o r  v a r i o u s  

reasons.  Among them power p l a n t s ,  g r a i n  and o t h e r  food p rocess ing  i n d u s t r i e s  

and o i l  r e f i n e r i e s  a r e  t h e  most obvious t o  be found. I n  many cases  the  

reason f o r  t h e i r  being s i t e d  a d j a c e n t  t o  nav igab le  wa te r  i s  no t  a s s o c i a t e d  

w i t h  t r a n s p o r t a t i o n  needs b u t ,  perhaps ,  t h e  s c a r c i t y  of f l a t  land i n  t h e  

i n t e r i o r ,  a d j a c e n t  communities and markets ,  o r  some o t h e r  c o n s t r a i n t  provided 

t h e  choice  f o r  t h e  s i t i n g .  

A s  t h e  use of t h i s  r e p o r t  w i l l  l a t e r  demonstra te ,  o t h e r  i n d u s t r i e s  

cons ide red  s u i t a b l e  can be added i n  f u t u r e  e d i t i o n s .  The p resen t  list i s  f a r  

from f i n i t e .  









1 .A  Data Sheet  

I. A. 1 General  

S t e e l  i s  produced v i a  two r o u t e s  from i r o n  o re .  The o l d e r  e s t a b l i s h e d  

methods, u s i n g  a  b l a s t  fu rnace  (BE) t o  e x t r a c t  t h e  i r o n  c o n t e n t  of t h e  o r e  

which is  then fed  t o  a  Basic  Oxygen Process  fu rnace  (BOF) - a l s o  known a s  t h e  

Linz-Donawitz (LD) p r o c e s s  - t o  produce steel,  a r e  s t i l l  v i a b l e  f o r  l a r g e  

s c a l e  p rocess ing  and where coke is a v a i l a b l e .  Because of t h e  economies of 

s c a l e  a l l i e d  t o  such p l a n t ,  raw material supply is  a l s o  l a r g e  and consequent ly  

s o  i s  any import  requirement .  Economies of s c a l e  h e r e  t o o  apply ,and bu lk  o r e  

c a r r i e r s  of up t o  350,000 dwt may be u t i l i z e d .  

However, modern technology h a s  developed a  more economical p rocess  

r o u t e  p a r t i c u l a r l y  adapted f o r  small product ion u n i t s  of about 500,000 - 
600,000 t / a  of s t e e l  bu t  a  number of such u n i t s  may be  i n s t a l l e d  a t  one s i t e  

a l though ,  t y p i c a l l y ,  beyond 3 t o  4 t h e  BF/BOF p r o c e s s  i s  more economical. The 

modern p rocess  is  by d i r e c t  r e d u c t i o n  (DR) o f  t h e  i r o n  o r e  i n  one o f  a  number 

of d i f f e r e n t  t y p e s  of p r o p r i e t a r y  p l a n t  (HYL, Midrex, SLIRN e t c )  followed by 

s t e e l  making i n  an e l e c t r i c  a r c  fu rnace  (EAF). Th is  r o u t e  produces a  low 

carbon s t e e l  and is  g e n e r a l l y  more s u i t a b l e  f o r  developing c o u n t r i e s ,  

p a r t i c u l a r l y  t h o s e  which have an  a v a i l a b l e  supply of inexpensive  n a t u r a l  gas. 

Economies of s c a l e  a r e  n o t  a s  apparent ,and s o  t h e  lower i n p u t  requirements  

f o r  shipments of raw m a t e r i a l s ,  b a s i c a l l y  t h e  i r o n  o r e ,  mean t h a t  s m a l l e r  

shipments a r e  commonly used,  and i n  consequence cheaper p o r t  f a c i l i t i e s  

than f o r  a  BFIBOF p r o c e s s  may be  s u f f i c i e n t .  

Numerous gaseous,  l i q u i d  and s o l i d  w a s t e s  a r e  produced i n  a  s t e e l  

making p l a n t ,  and e f f e c t i v e  t echnolog ies  should be a p p l i e d  t o  reduce emiss ions  



i n t o  a c c e p t a b l e  limits, i n a c t i v a t e  t o x i c  and hazardous subs tances ,  and 

r e c y c l e  by-products. Noise p o l l u t i o n  i s  a l s o  a problem. 

I n  world t r a d e  (1983) whi le  over  90% of o r e  shipments was i n  bu lk  

c a r r i e r s  of over  40,000 dwt, 37% w a s  c a r r i e d  i n  s h i p s  of 100 - 150,000 dwt, 

18% i n  s h i p s  of 150 - 200,000 dwt,and 11% i n  s h i p s  over  200,000 dwt. I n  t h e  

c o a l  t r a d e  - raw m a t e r i a l  f o r  coke p roduc t ion  - whi le  73% was c a r r i e d  i n  

s h i p s  of over  40,000 dwt, 35% was i n  bu lk  and combined c a r r i e r s  of over  

100,000 dwt. 

I r o n  o r e  has  a bu lk  d e n s i t y  o f  between 1.9 and 3.5 t / c u  m bu t  t y p i c a l l y  

about 2.5 t / c u  m, whi le  c o a l ' s  d e n s i t y  i s  i n  t h e  range of 0.75-0.85 t / c u  m. 

I . A . 2  D i r e c t  ~ e d u c t i o n / ~ l e c t r i c  Arc Furnace 

Max u n i t  s i z e  approx. 600,000 t / a  steel (up t o  3 t o  4 u n i t s  p e r  

complex b e f o r e  B l a s t  F u r n a c e l ~ a s i c  Oxygen Process  Furnace may be more economical.) 

Requirements f o r  1 ton  o f  steel produced by a p l a n t  of about  500,000 t / a ,  

w i t h  sc rap  p rov id ing  30% of ou tpu t :  

I r o n  o r e  
Na tura l  gas  
Fluxes  (e. g. l ime)  
Scrap 
Water 
Elec.  energy consumption 
I n s t a l l e d  energy c a p a c i t y  
Personnel  
S i t e  a r e a  
Waste 
Typical  s h i p  s i z e  

1 .5  t 
1 3  m i l l i o n  BTU 
0.1 t 
0.3 t 
1 5  - 50 t 
850 kidh - 1200 kwh 
220 W 
8000 t /man/a 
0.6 - 1 .5  s q  m 
0.15 t 
Panamax per  u n i t ,  u n l e s s  economies of 
s c a l e  w i t h  o t h e r  u n i t s  o r  p l a n t s  permit .  



I .A.  3 B l a s t  Furnace/Basic Oxygen Furnace 

Economical f o r  l a r g e  p roduc t ion  u n i t s  and where coke/coal  and/or  

low grade  o r e  are supp l ied .  

Requirements f o r  1 t o n  o f  s t e e l  produced,with s c r a p  used t o  feed 

f o r  20% of s t e e l  ou tpu t :  

I r o n  o r e  
Coke 
Limestone 
Scrap 
Water 
Elec.  energy consumption 
I n s t a l l e d  c a p a c i t y  a v a i l .  
Personnel  
S i t e  space  
Waste 
Typica l  s h i p  s i z e  

w i t h  r e c y c l i n g )  

achieved so  
- 350,000 dwt 



1 . B  I r o n  and S t e e l  I n d u s t r y  D e s c r i p t i o n  

The fol lowing s e c t i o n s  w i l l  b r i e f l y  review t h e  b a s i c  p rocesses  and 

technology u t i l i z e d  by modern s t e e l  p l a n t s .  The m a t e r i a l  f lows and t h e  a r e a ,  

l a b o r ,  and sh ipp ing  requirements  w i l l  be p resen ted .  The environmental  impact 

o f - i r o n  and s t e e l  manufacture w i l l  be s h o r t l y  d i scussed ;  and a v a i l a b l e  t y p i c a l  

f i g u r e s  of c a p i t a l  and o p e r a t i n g  c o s t s  w i l l  be a l s o  p resen ted .  

I . B . l  I r o n  and S t e e l  Manufacturing Processes  

The b a s i c  s t e p s  i n  i r o n  and s t e e l  manufacture a r e :  

( i )  e x t r a c t i o n  of i r o n  meta l  ( i n  t h e  form of "pig i ron"  o r  

"sponge i r o n t t )  from i r o n  o r e s ;  

( i i )  raw s t e e l  product ion from p i g  i r o n ,  sponge i r o n  o r  i r o n /  

steel sc rap ;  and 

( i i i )  f a b r i c a t i o n  of s t e e l  m i l l  p roduc t s  by v a r i o u s  r o l l i n g  and 

f i n i s h i n g  o p e r a t i o n s .  

F i g u r e  1 . B - 1  p rov ides  a  schematic overview of i r o n  and s t e e l  making 

o p e r a t i o n s .  

I . B . l . l  Ironmaking 

I r o n  o r e s  c o n t a i n  i r o n  i n  minera l  form, chemical ly  combined wi th  

oxygen. The fol lowing a r e  t h e  p r i n c i p a l  o r e s  w i t h  t h e i r  i r o n  con ten t :  

magne t i t e  Fe3 04 72% I r o n  
haemet i t e  Fe2 03 70% I r o n  
1 imoni t e  2 Fe2 03 3H20 60% I r o n  
geo t h i t e  H Fe3 C02 63% I r o n  
s i d e r i t e  Fe C03 48% I r o n  

Almost a l l  i r o n  o r e s  a r e  t r e a t e d  t o  i n c r e a s e  t h e  i r o n  c o n t e n t  o r  t o  

p repare  them, a s  feeds tock  of a p p r o p r i a t e  s i z e .  Th i s  p rocess ,  o f t e n  r e f e r r e d  

t o  a s  " b e n e f i c i a t i o n t t ,  may inc lude  c rush ing ,  g r i n d i n g ,  sc reen ing ,  washing, 

s e p a r a t i o n  and d ry ing .  
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SCHEMATIC SUMMARY OF IRON AND STEELMAKING 



"S in te r ing"  o r  " p e l l e t i z a t i o n "  p rocesses  may a l s o  be used w i t h  low 

grade  o r  f i n e  o res .  The s i n t e r i n g  p rocess ,  in which t h e  f i n e  o r e  is  mixed 

w i t h  coke b reeze  and f l u x e s ,  is  normally c a r r i e d  o u t  a t  a b l a s t  fu rnace  site. 

P e l l e t i z a t i o n  is  a p rocess  whereby f i n e  g ra ined  o r e  is concen t ra ted ,  by 

magnetic s e p a r a t i o n ,  g r a v i t y  o r  f l o t a t i o n ,  and compacted w i t h  mois tu re  and a 

b inder  t o  form s m a l l  1 0  - 20 mm diameter  b a l l s .  These a r e  then  hardened by 

h e a t i n g ,  cooled and screened,  and a r e  then ready f o r  shipment. 

I r o n  meta l  can be e x t r a c t e d  by h e a t i n g  ( smel t ing)  t h e  o r e  t o  h igh  

t empera tu res  i n  t h e  p resence  of r e a g e n t s  t h a t  combine w i t h  t h e  unwanted o r e  

c o n s t i t u e n t s ,  l e a v i n g  behind molten i r o n ,  which is  r e a d i l y  s e p a r a t e d  from t h e  

o t h e r  r e a c t i o n  products .  The main r e a g e n t s  a r e  a carbonaceous m a t e r i a l  ( coa l ,  

coke, n a t u r a l  gas )  and a f l u x i n g  m a t e r i a l  ( l imes tone  o r  do lomi te ) ;  t h e  former 

combines w i t h  minera l  oxygen i n  t h e  o r e  t o  form carbon monoxide and carbon 

d i o x i d e ,  w h i l e  t h e  l a t t e r  s e r v e s  t o  remove s i l i c o n ,  aluminum, and o t h e r  

i m p u r i t i e s  a s  a s l a g .  

A s  shown i n  F igure  1.B-1, two i r o n  e x t r a c t i o n  t echnolog ies  a r e  i n  

widespread use ,  t h e  b l a s t  fu rnace  and t h e  d i r e c t  r e d u c t i o n  p rocesses ,  which 

produce p i g  i r o n  and sponge i r o n  r e s p e c t i v e l y .  

1 .B. l . l .a  B l a s t  Furnace 

Most of t h e  world 's  primary i r o n  is  produced i n  b l a s t  fu rnaces ,  

which c o n s i s t  of a r e f r a c t o r y - l i n e d  s t e e l  s h a f t  con t inuous ly  fed w i t h  i r o n  

0 
o r e ,  coke, and l imes tone  charge  a t  t h e  top  and w i t h  preheated a i r  (1090 C )  

a t  the bottom. The h o t  a i r  r i s e s  c o u n t e r c u r r e n t  t o  t h e  descending s o l i d s ,  
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p rov ides  f o r  p a r t i a l  combustion o f  t h e  coke, and is  emi t t ed ,  a long  w i t h  

combust ib le  coke gases ,  a s  "top gas". The l a t t e r  is  thoroughly scrubbed and 

f i l t e r e d  and then  fed  t o  r e f r a c t o r y - l i n e d  s t o v e s  where i t  i s  burned, t o  

p r e h e a t  t h e  b l a s t  f u r n a c e  a i r  supply,  and then  r e l e a s e d  i n t o  t h e  atmosphere 

v i a  smoke s t a c k s .  (See F i g u r e  1.B-2.) 

Molten p i g  i r o n  c o n t a i n i n g  some d i s s o l v e d  carbon and s i l i c o n  

c o l l e c t s  a t  t h e  bottom of t h e  b l a s t  fu rnace ,  a long w i t h  a s l a g  l a y e r  c o n t a i n i n g  

t h e  remaining minera l  c o n s t i t u e n t s  of t h e  i r o n  o r e .  Molten i r o n  and s l a g  

a r e  i n t e r m i t t e n t l y  tapped from t h e  hear th .  The p i g  i r o n  is  e i t h e r  t r a n s f e r r e d  

d i r e c t l y  t o  an i n t e g r a t e d  s teelmaking f u r n a c e  o r  c a s t  i n t o  "pigs" f o r  subsequent 

sale o r  in-plant  use.  The s l a g  i s  d i sposed  of a s  was te  o r  used f o r  c o n c r e t e  

aggrega te ,  r a i l r o a d  b a l l a s t ,  s o i l  c o n d i t i o n e r ,  o r  l a n d f i l l .  

1 .B. l . l .b  D i r e c t  Reduction Furnace 

Blast f u r n a c e  p i g  i r o n  c o n t a i n s  r e l a t i v e l y  h igh  d i s s o l v e d  carbon 

percen tages ,  which must be  lowered when t h e  i r o n  is  r e f i n e d  i n t o  s t e e l .  

A l t e r n a t i v e  i r o n  e x t r a c t i o n  methods a r e  a v a i l a b l e  t h a t  y i e l d  low-carbon i r o n  

d i r e c t l y  from t h e  o r e  and a r e  r e f e r r e d  t o  a s  " d i r e c t  r educ t ion"  p rocesses .  

Direct-reduced i r o n  i s  produced i n  v e r t i c a l  s h a f t  f u r n a c e s  and 

r o t a r y  k i l n s  from a charge of p e l l e t i z e d  o r e  and do lomi te  o r  l imestone.  The 

carbonaceous reducing agen t  may be c o a l ,  f u e l  o i l ,  o r  n a t u r a l  gas  depending on 

t h e  p a r t i c u l a r  p rocess  technology i n  use. 

The fundamental d i f f e r e n c e  between d i r e c t  r e d u c t i o n  and b l a s t  

fu rnace  p rocesses  is t h a t  t h e  former r e q u i r e s  temperatures  below t h e  mel t ing  

p o i n t  of i r o n ,  whi le  t h e  l a t t e r  produces molten metal .  Direct-reduced i r o n  





t h e r e f o r e  m a i n t a i n s  t h e  p e l l e t  shape of t h e  o r e  charge,  w i t h  a sponge-like 

s u r f a c e  t e x t u r e  from which t h e  name "sponge iron' '  has  o r i g i n a t e d .  Sponge 

i r o n  is  a primary metal t h a t ,  u n l i k e  p i g  i r o n ,  h a s  a low carbon c o n t e n t  and 

i s  g e n e r a l l y  s u i t a b l e  f o r  e l e c t r i c  f u r n a c e  s teelmaking,  e i t h e r  a s  a s u b s t i t u t e  

f o r  s c r a p  m e t a l  o r  as t h e  main feed  source .  

I.B.1.2 Steelmakinq 

I n  t h e  s teelmaking p rocess ,  p i g  i r o n ,  s c r a p ,  o r  d i rec t - reduced  

i r o n  a r e  melted (or  remel ted)  and r e f i n e d  t o  reduce t h e  carbon c o n t e n t  and/or  

t o  remove i m p u r i t i e s  such a s  phosphorous and s u l f u r .  A l l  p rocesses  must 

p rov ide  some means o f  supplying c o n t r o l l e d  amounts of oxygen t o  t h e  molten 

i r o n ,  t h e  oxygen combining w i t h  unwanted e lements  t o  form ox ides ,  which escape  

as g a s e s . o r  a r e  removed as s l a g .  Severa l  deox id iz ing  e lements ,  such a s  

manganese, s i l i c o n ,  o r  aluminum a r e  then  added t o  remove excess  oxygen 

remaining i n  t h e  molten s t e e l  and t o  o t h e r w i s e  improve t h e  m e t a l ' s  p r o p e r t i e s .  

A s  shown i n  F igure  1.B-1,  modern s teelmaking i s  b a s i c a l l y  dominated 

by two technolog ies .  One c e n t e r s  on t h e  e l e c t r i c  a r c  fu rnace ,  which i s  fed  a 

charge of c l o s e  t o  100 p e r c e n t  s c r a p  o r  d i rect - reduced i r o n .  The o t h e r  

technology, which accounts  f o r  about  65 p e r c e n t  of world s t e e l  c a p a c i t y  o u t s i d e  

Comecon, u t i l i z e s  t h e  so-cal led  Linz-Donawitz (LD) o r  b a s i c  oxygen process  

(BOP) t o  mel t  and r e f i n e  a charge  of about 72 pe rcen t  p i g  i r o n  and 28 p e r c e n t  

s c r a p .  

I.B.1.2.a LD Steelmaking 

The LD p r o c e s s  was developed i n  A u s t r i a  dur ing  t h e  e a r l y  1950s and 

r a p i d l y  rep laced  t h e  open h e a r t h  p rocess  d u r i n g  t h e  1960s i n  t h e  U.S., Western 



Europe, and t h e  Far East. LD u t i l i z e s  a re f rac tory- l ined  concrete  converter  

i n  which hea t s  of up t o  350 tons  of s t e e l  can be produced i n  about 45 minutes 

from a combination charge of molten p ig  i r o n  and scrap.  

I n  t h e  top blowing LD process ,  oxygen is  introduced a s  a high speed 

j e t  from a water-cooled lance posi t ioned above the  bath. The j e t  must 

pene t r a t e  an upper s l a g  l a y e r  and then en te r  t he  metal bath, where oxidat ion 

r eac t ions  t ake  place. The bottom-blown LD process ( a l so  known a s  OBM o r  

Q-BOP) employs a sheath of propane o r  n a t u r a l  gas around t h e  oxygen stream 

and i n j e c t s  t h i s  combination i n t o  the  bottom of t h e  ba th  from a s e t  of 

concentr ic  tuyeres .  More r ecen t ly ,  hybrid systems have been developed t o  

exp lo i t  t he  advantages of each blowing method. 

I.B.1.2.b E l e c t r i c  Furnace Steelmaking ("Minimills") 

The e l e c t r i c  a r c  furnace, o r i g i n a l l y  used only f o r  production of 

s p e c i a l t y  s t a i n l e s s  and a l l o y  s t e e l s ,  has been increas ingly  used f o r  t he  

tonnage production of p l a i n  carbon s t e e l s .  In  most cases ,  t h e  e l e c t r i c  a r c  

furnaces opera te  with a cold charge i n  which t h e  fe r rous  content  i s  c l o s e  t o  

100% scrap. Direct-reduced i ron ,  however, is a p o t e n t i a l  s u b s t i t u t e  f o r  sc rap ,  

and is  used a s  t h e  major i r o n  input  i n  some e l e c t r i c  a r c  furnace p l a n t s ,  such 

a s  Venezuela's SIDOR complex, which produces 3 . 6  mil l ion  tons of s t e e l  annual ly.  

A major advantage of e l e c t r i c  furnace processes i s  t h e  r e l a t i v e l y  

low c a p i t a l  cos t  per ton of s t e e l  produced. P l a n t s  can be located t o  take  

advantage of l o c a l  suppl ies  of i n d u s t r i a l  s t e e l  scrap and of l o c a l  markets f o r  

s t e e l .  Small e l e c t r i c  a r c  furnace p l an t s ,  known a s  "minimills", a r e  located 



where l a r g e  i n t e g r a t e d  s t e e l  mills would be  uneconomical i n  p a r t s  of t h e  U.S., 

i n  Europe ( e s p e c i a l l y  I t a l y  and Spa in) ,  i n  Japan,  and i n  t h e  developing 

c o u n t r i e s .  Some l a r g e  i n t e g r a t e d  p l a n t s  i n  t h e  U.S. a r e  a l s o  being conver ted 

t o  "minimills" by c l o s i n g  t h e i r  b l a s t  furnace/BOF f a c i l i t i e s  and i n s t a l l i n g  

modern a r c  f u r n a c e  technology. 

I n  t h e  U.S., t h e r e  a r e  60 m i n i m i l l s  opera ted  by 47 companies, t h e  

l a r g e s t  of which a r e  t h e  fol lowing:  

Company No. of P l a n t s  
Annual Capaci ty  

(Tonnage) 

Nucor Corp. 
F l o r i d a  S t e e l  Corp. 
Georgetown S t e e l  Corp. 
Connors S t e e l  Co. 
North S t a r  S t e e l  Co. 
C h a p a r r a l - S t e e l  Co. 
A t l a n t i c  S t e e l  Co. 
R a r i t a n  River S t e e l  Co. 

---- - 

Source: I n d u s t r y  Week, J u l y  13,  1981. 

A primary c o n s i d e r a t i o n  i n  s i t i n g  an e l e c t r i c  fu rnace  s t e e l  p l a n t  

i s  t h e  c o s t  and a v a i l a b i l i t y  of e l e c t r i c  power. Energy consumption i s  

determined by many v a r i a b l e s ,  bu t  modern u n i t s  r e q u i r e  on t h e  o r d e r  of 450-500 

k i l o w a t t  hours  f o r  mel t ing  and r e f i n i n g  one ton  of c rude  s t e e l .  E l e c t r i c  

fu rnace  p l a n t  o p e r a t i o n s  c r e a t e  h i g h l y  v a r i a b l e  l o a d s  f o r  t h e i r  power s o u r c e s ,  

because peak power consumption dur ing  t h e  mel t ing  per iod  is  about t h r e e  t imes  

t h e  consumption dur ing  r e f i n i n g .  



I.B.2 S t e e l  P l a n t  S i z e  and Raw M a t e r i a l  Requirements 

I n t e g r a t e d  s t e e l  p l a n t s  u s i n g  t h e  BF/LD (Blas t  FurnaceILinz-~onawitz)  

p rocess  may have a  c a p a c i t y  i n  t h e  range of 1 t o  1 2  m t / a .  A v e r y  l a r g e  

i n t e g r a t e d  s t e e l  p l a n t  i n  Japan has  f i v e  b l a s t  f u r n a c e s  and a  t o t a l  pro- 

d u c t i o n  of 1 2  m i l l i o n  t o n s  of c rude  ( i n g o t )  s t e e l  pe r  y e a r ,  w i t h  over  24 

m i l l i o n  t o n s  of s o l i d  raw m a t e r i a l  inpu t s .  Small i n t e g r a t e d  p l a n t s  produce 

on t h e  o r d e r  of 1 t o  1 . 5  m i l l i o n  tons  of raw s t e e l  w i t h  two o r  t h r e e  b l a s t  

furnaces .  

"Minimills", which a r e  s m a l l  e l e c t r i c  f u r n a c e  p l a n t s  l o c a t e d  near  

heavy steel-consuming and scrap-producing a r e a s ,  may produce from 250 thousand 

up t o  one m i l l i o n  t o n s  of s t e e l  annua l ly .  While t h e  DR/EAF (Di rec t  Reduction1 

E l e c t r i c  Arc Furnace) p r o c e s s  is  p a r t i c u l a r l y  v i a b l e  a t  low produc t ion  

volumes o f  about 500,000 t / a  e s p e c i a l l y  i f  cheap n a t u r a l  gas  is a v a i l a b l e ,  i t  

i s  n o t  g e n e r a l l y  compet i t ive  f o r  h i g h  volume product ion w i t h  t h e  BFILD p r o c e s s  

( a  1.0 Mtla o r e  p l a n t  came on s t ream i n  1980 i n  Venezuela us ing  h i g h  grade 

o r e s  and cheap, l o c a l l y  a v a i l a b l e  n a t u r a l  g a s ) .  Higher annual  p roduc t ion  

may be achieved by t h e  i n s t a l l a t i o n  of more than one DR/EAF u n i t s  a t  one s i t e  

a l though ,  t y p i c a l l y ,  beyond 3 t o  4 t h e  BFILD process  is  more economical. 

The fo l lowing  may be taken a s  t y p i c a l  raw m a t e r i a l  s u p p l i e s  f o r  t h e  

BF/LD process ,  per  ton of i r o n  produced. 

Ore 1 . 7  t 
Coke 0.5 - 0.6 t 
Limestone/Dolomite 0.25 t 
Energy 1 5  - 21 m i l l i o n  BTU's 

S ince  t h i s  p rocess  i s  a l l i e d  t o  an  i n t e g r a t e d  p l a n t  i t  is  more 

u s e f u l  t o  cons ider  t h e  p l a n t  requirements  o v e r a l l .  



Assuming s c r a p  is used a s  a  feed  t o  y i e l d  20% of o u t p u t ,  then  

requirements  f o r  one ton  of s t e e l  produced a r e :  

I r o n  o r e  1 . 4 3  t 
Coke 1 .50 t 
Limestone 0 .21  t 
Scrap 0.20 t 
Water 150 t (of 

be 
Elec.  energy consumption 400 kwh 
I n s t a l l e d  c a p a c i t y  a v a i l a b l e  80 W 
Personnel  0.002 - 0 

S i t e  space  
Waste 

which r e c y c l i n g  may t y p i c a l l y  
i n  t h e  range 50-90%) 

001 ( f o r  2  M t / a  t o  8 M t / a  
p l a n t s  equ iv .  t o  500 - 
I000 t /man/a) 

sq  m 

The fol lowing may be taken a s  t y p i c a l  raw m a t e r i a l  s u p p l i e s  pe r  ton 

of s t e e l  produced by a  DR/EAF p l a n t  of about  500,000 t / a  w i t h  s c r a p  providing 

30% of ou tpu t :  

I r o n  o r e  
Na tura l  g a s  
F luxes  e .g .  l ime  
Scrap 
Water 
Elec .  energy consumption 
I n s t a l l e d  c a p a c i t y  
Personnel  
S i t e  space 
Waste 

1 . 5  t 
1 3  m i l l i o n  BTU 
0 .1  t 
0 . 3  t 
15 - 50 t 
850 kwh - 1200 kwh 
220 W 
.00012 (equ iva len t  t o  8000 t /man/a) 
0.6 - 1 .5  sq m 
0 . 1  - 0.15 t 

I .B.3  S t e e l  P l a n t  S i t e  Requirements 

Locat ion on a  c o a s t a l  s i t e  would normally mean t h a t  a l l  o r  most of 

t h e  necessa ry  raw m a t e r i a l s ,  a s  p resen ted  i n  t h e  p rev ious  s e c t i o n ,  a r e  v e s s e l  

imported, r e q u i r i n g  e x t e n s i v e  b e r t h i n g ,  unloading,  and t r a n s f e r  f a c i l i t i e s ,  

i n  a d d i t i o n  t o  t h e  spac ious  s t o r a g e  a r e a s  found a t  a l l  s t e e l  p l a n t s .  

C h a r a c t e r i s t i c  b a s i c  d a t a  p e r t a i n i n g  t o  t h e  equipment and f a c i l i t i e s  a t  

v a r i o u s  major i r o n  o r e  d i scharg ing  t e r m i n a l s  i s  presented i n  Table  1 . B - 1 .  



TABLE I. B-I 

SELECTED IRON ORE DISCHARGE FACILITIES FOR LARGE CARRIERS 

C o u n t r y  Max. D r a f t  Max. M A  Max. Beam Max. 
P o r t  T e r m i n a l  ( M e t e r s )  ( M e t e r s )  ( M e t e r s )  S h i p  DWT D i s c h a r g e  

B r a z i  1 

A r a t u  USIBA O r e  P i e r  1 2 . 2  , - - 5 5 , 0 0 0  1 6 0 0  t p b  u n l o a d e r  se rves  
a d j a c e n t  s t e e l  p l a n t  

I t a l y  

T a r a n t o  I t a l s i d o r  P i e r  4  24.4  350 53 3 0 0 , 0 0 0  2  x 6 0  t b r i d g e  u n l o a d e r s  
w i t h  t o t a l  c a p a c i t y  o f  
3 0 0 0  t p h .  S t o c k p i l e  o f  
1 . 7  m i l l i o n  t o n s .  O v e r  1 0  
m i l l i o n  t o n s  a n n u a l  
t h r o u g h p u t .  

J a p a n  H 
I 

C b i b a  K a w a s a k i  S t e e l  1 6 . 0  310 - 1 2 0 , 0 0 0  2 0 0 0  t p h  I-' 
f- 

N e t h e r l a n d s  

Igmuiden  Hoogovens  O u t e r  1 3 . 7  4 0 0  50 8 0 , 0 0 0  3  b r i d g e  c r a n e s ,  two  b e r t h s ,  
H a r b o r  1 8 7 5  t p h .  T h r o u g h p u t  7  

. m i l l i o n  t o n s .  

Ta iwan  

K a o h s i u n g  CS T e r m i n a l  13.1 - - 7 0 , 0 0 0  1 5 0 0  t p h .  T h r o u g h p u t  
3.5 m i l l i o n  t o n t y r .  

S o u t h  K o r e a  

Pohang  POSCO P i e r  3 1 5 . 5 ,  - - 1 1 0 , 0 0 0  2  b r i d g e  u n l o a d e r s ,  1 1 0 0  
t p h .  3.9 m i l l i o n  t o n s  
a n n u a l  t h r o u g h p u t .  

S o u r c e :  C a r g o  S y s t e m s  R e s e a r c h  C o n s u l t a n t s ,  L t d . ,  L a r g e  B u l k  C a r r i e r  P o r t s  and  T e r m i n a l s ,  1981.  



Comparison o f  maximum DWT and throughput f o r  some of t h e  t e r m i n a l s  shown 

i n d i c a t e s  o n l y  a weak c o r r e l a t i o n  between t h e  two, bu t  t h e  s i g n i f i c a n t  

economies o f  s c a l e  encountered i n  oceanborne i r o n  o r e  t r a n s p o r t a t i o n  make 

d r a f t  a v a i l a b i l i t y  a n  important  f a c t o r  i n  s e l e c t i n g  s i t e s  f o r  modern s t e e l  

p l a n t s .  The v e s s e l  d i s c h a r g e  r a t e s  a l s o  show on ly  a rough c o r r e l a t i o n  w i t h  

maximum deadweight and annual  throughput.  T o t a l  s t o r a g e  c a p a c i t y ,  a s  a 

pe rcen tage  of annual  throughput ,  is  v a r i a b l e ,  bu t  roughly on t h e  o r d e r  o f  

15 percen t .  

EAF s t e e l  p l a n t s  are l o c a t e d  i n  r e l a t i o n  t o  feeds tock  supply ( i r o n ,  

steel and f u e l )  and t o  demand c e n t e r s .  P l a n t  s o l e l y  us ing  s c r a p  a s  s t e e l  

f eeds tock ,  and w i t h  piped n a t u r a l  gas  f o r  f u e l  may n o t  r e q u i r e  p o r t  f a c i l i t i e s .  

When o r e  has  t o  be imported p o r t  f a c i l i t i e s  a t  t h e  p l a n t  a r e  of l e s s  importance 

than  f o r  BF/BOF because of t h e  smaller tonnages involved and because c o a l  is 

n o t  r e q u i r e d  f o r  f u e l .  Ores may be t r a n s p o r t e d  by r a i l  from t h e  import  p o r t  

t o  t h e  p l a n t .  

Table  1.B-2 shows t h e  s i t e  a r e a  occupied by s e v e r a l  d i f f e r e n t  

Japanese  s t e e l  p l a n t s  a long  w i t h  t h e  r a t i o s  of a r e a  t o  annua l  ou tpu t .  The 

f i g u r e s  show t h e  e f f e c t s  of economies of s c a l e ,  but  a l s o  r e f l e c t  

t e c h n o l o g i c a l  improvements which have helped t o  reduce  u n i t  a r e a  requirements  

from 2-3 square  mete r s  p e r  ton  t o  t h e  c u r r e n t  f i g u r e  of 0.8 per  ton.  Uni t  

a r e a  a l s o  depends on product-mix f a c t o r s  such a s  t h e  pe rcen tage  of f l a t -  

r o l l e d  p roduc t s ,  which r e q u i r e  l e s s  space. 
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Land f o r  was te  d i s p o s a l ,  a s  w e l l  a s  a d d i t i o n a l  l and  f o r  new 

communities and sate l l i te  i n d u s t r i e s  when t h e  p l a n t  i s  t o  b e  l o c a t e d  i n  

undeveloped and i s o l a t e d  a r e a s  should a l s o  be  taken i n t o  account.  Waste 

d i s p o s a l  is  a  p a r t i c u l a r  problem because o f  t h e  c o n s i d e r a b l e  amounts of s l a g  

generated from t h e  b l a s t  and s teelmaking f u r n a c e s ,  on t h e  o r d e r  of 0.6 tons  of 

s o l i d  waste  pe r  ton  of product .  Environmental c o n s i d e r a t i o n s  l i m i t  t h e  

p o s s i b i l i t i e s  f o r  us ing  s l a g  m a t e r i a l s  t o  r e c l a i m  and expand c o a s t a l  s i t e s .  

Shape and load-bearing c h a r a c t e r i s t i c s  of t h e  p o t e n t i a l  s i t e  a r e  

a l s o  important  f a c t o r s .  C i r c u l a r  o r  long  and narrow per imete r s  a r e  g e n e r a l l y  

n o t  s u i t a b l e  f o r  proper  equipment l ayou t .  Load-bearing f o r c e s  a r e  t y p i c a l l y  

15 t o  20 t o n s  p e r  square  meter i n  t h e  raw m a t e r i a l s  and p roduc t s  y a r d s ,  20 

t o  60 f o r  t h e  s teelmaking and r o l l i n g  f a c i l i t i e s ,  and 100 t o  120 f o r  t h e  b l a s t  

fu rnace ,  which r e q u i r e s  s a f e t y  a l lowances  f o r  heavy winds and, i n  some a r e a s ,  

ear thquakes .  

I.B.4 S t e e l  P l a n t  Water and Power Consumption 

An i n t e g r a t e d  p l a n t  c i r c u l a t e s  on t h e  o r d e r  of 150 t o n s  of water  

pe r  ton of crude s t e e l ,  w i t h  va ry ing  r a t i o s  of f r e s h ,  sa l t ,  and r e c y c l e  water .  

Coas ta l  p l a n t s  may draw 50 t o  60 percen t  of t h e i r  t o t a l  i n t a k e  from t h e  

s e a ,  whereas i n l a n d  p l a n t s  n e c e s s a r i l y  use  r i v e r  water  only .  Japanese  

p l a n t s  have a t t a i n e d  r e c y c l i n g  l e v e l s  of over  95% of t h e  t o t a l ,  i n  which c a s e  

t h e  make-up water  amounts a r e  about 4 cub ic  meters  per  ton. Table 1 .B-3  

shows t h e  water  consumption by p rocess ing  a r e a  f o r  a  moderately-sized 

Japanese  s t e e l  p l a n t .  Even a  s m a l l  p l a n t ,  however, r e q u i r e s  t h e  a v a i l a b i l i t y  

of an ample and nearby water  supp ly ,  which i n  some l o c a t i o n s  may be p o s s i b l e  

on ly  through c o n s t r u c t i o n  of a  dam and r e s e r v o i r  system. 



, 
TABLE 1.B-3 

WATER CONSUMPTION IN A JAPANESE STEEL PLANT 
PRODUCING 2.5 MILLION.TONS OF STEEL PER YEAR 

N e t  I n p u t  of 
S e a  Water R i v e 3  W a t e r  R e c y c l i n g  River Water 

E q u i p m e n t s  - ( M ~ / D )  (M / D )  R a t e  ( % )  ( M ) / D )  
B l a s t  F u r n a c e  2 3 5 , 0 0 0  1 9 , 5 0 0  8  0  3 , 9 0 0  

Coke  2 6 , 0 0 0  2 , 5 0 0  - 2 , 5 0 0  

S i n t e r i n g  - 5 , 8 0 0  - 5 , 8 0 0  

C o n v e r t e r  - 2 3 , 5 0 0  7 5  5 , 9 0 0  

B l o o m i n g  - 6 2 , 5 0 0  8 0  1 2 , 5 0 0  

H o t  R o l l i n g  6 2 , 5 0 0  1 5 5 , 0 0 0  80  3 1 , 0 0 0  

C o l d  R o l l i n g  - 6 9 , 0 0 0  60 2 7 , 5 0 0  

O t h e r s  - 5 , 3 0 9  - 5 , 3 0 0  

L o s s  2 6 , 5 0 0  5 , 6 0 0  - 5 , 6 0 0  

T o t a l  35.0 , 0  00  348 ,.700 7 1  1 0 0 , 0 0 0  

Source: Sa to ,  M. UNIDO, ID/WG, 146122, 1973 "Plant  Locat ion and Cost 
Aspects of I n t e g r a t e d  S t e e l  P l a n t s  i n  Developing Countries".  



E l e c t r i c i t y  consumption per  t o n  o f  c rude  s t e e l  i s  on t h e  o r d e r  

of 400 KWH f o r  an  i n t e g r a t e d  p l a n t ,  o f  which about  50% can be generated on- 

s i t e  w i t h  a power s t a t i o n  which u t i l i z e s  by-product gases .  To a l low f o r  

load f l u c t u a t i o n s ,  a  p l a n t  producing 2.5 m i l l i o n  t o n s  of c rude  s t e e l  p e r  

year  r e q u i r e s  a supply of 200 MW, 100 of which comes from a  power g r i d .  I f  

t h e  p l a n t  s i t e  is d i s t a n t  from a  l a r g e  d i s t r i b u t i o n  c e n t e r ,  s i g n i f i c a n t  

investment  f o r  t r ansmiss ion  l i n e  c o n s t r u c t i o n  must be taken i n t o  account.  

Conversely,  i f  t h e  s i te  i s  i n  an i n d u s t r i a l  complex, where a  l a r g e  power 

p l a n t  i s  i n  o p e r a t i o n ,  l a r g e  economies i n  power t r ansmiss ion  c o s t s  can be 

ob ta ined .  

I.B.5 Steelmaking Personnel  Requirements 

Operat ion of a  s t e e l  p l a n t  i n v o l v e s  many k inds  of jobs ,  most of 

which a r e  c a r r i e d  o u t  i n  t h r e e  s h i f t s ,  365 days  a year .  The number of 

employees is  consequent ly  in t h e  thousands,  even wi thou t  t a k i n g  i n t o  account 

t h e  workers r e q u i r e d  f o r  v a r i o u s  s a t e l l i t e  i n d u s t r i e s  which a r e  normally 

r e q u i r e d  t o  support  t h e  p l a n t .  F igure  1.B-3 shows t h e  p l a n t  l a b o r  f o r c e  s i z e  

a s  determined by t h e  ou tpu t  l e v e l ,  i n d i c a t i n g  t h a t  f o r  a  p l a n t  w i t h  a  c a p a c i t y  

of 2 m i l l i o n  t o n s  pe r  y e a r ,  roughly 4 thousand workers a r e  needed. I f  

employees i n  s a t e l l i t e  i n d u s t r i e s  a r e  taken i n t o  account ,  t h e  l a b o r  f o r c e  

i s  almost twice  aga in  a s  l a r g e .  Even a  p l a n t  e s t a b l i s h e d  i n  a  h e a v i l y  

populated a r e a  would have a  measurable impact on t h e  l a b o r  supply i n  t h e  

a r e a ,  and would c r e a t e  new demands on t h e  community i n f r a s t r u c t u r e .  A p l a n t  

c o n s t r u c t e d  i n  an undeveloped, s p a r s e l y  populated r e g i o n  could  r e q u i r e  a  new 

community capab le  of suppor t ing  30 t o  40 thousand people.  
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FIGURE I. B-3 

STEEL PLANT LABOR FORCE AND ANNUAL OUTPUT 

Source: S a t o ,  M. UNIDO, IDIWG, 1 4 6 1 2 2 ,  1973.  



I.B.6 I ron  and Steelmaking Technology Al t e rna t ives  

Se lec t ion  of t h e  appropr ia te  i r o n  and steelmaking technology i s  

a primary t a s k  of p l an t  planners  and r equ i r e s  t h a t  s eve ra l  complexly i n t e r -  

r e l a t e d  f a c t o r s  be taken i n t o  account, including: 

- s i t e  l oca t ion  and o ther  c h a r a c t e r i s t i c s  

- raw ma te r i a l  type and sources 

- energy sources 

- p l a n t  s i z e  

- product mix 

- investment c o n s t r a i n t s  

- t r anspor t a t ion  c o s t s  

The s e l e c t i o n  process  obviously r equ i r e s  in-depth s tud ie s  based on a range 

of spec i a l i zed  knowledge and expe r t i s e  found only i n  s t e e l  p lan t  design 

groups. Nonetheless some general  observat ions can be made regarding the  

s u i t a b i l i t y  of t h e  following combinations, which cover cu r r en t ly  v i ab le  

a l t e r n a t i v e s  f o r  new p lan t  furnace technology: 

(1) BF + LD ( b l a s t  furnace ironmaking and 
Linz-Donawitz steelmaking) 

(2)  DR + EF ( d i r e c t  reduct ion ironmaking and 
e l e c t r i c  furnace steelmaking) 

(3) S + EF (scrap i ron  and e l e c t r i c  furnace 
steelmaking) 

Large-scale p l an t s  (over 3 mi l l i on  tons annual output)  have tended 

t o  be BF + LD types due t o  s c a l e  economies assoc ia ted  with b l a s t  furnace 

ironmaking. Blast furnaces have s i g n i f i c a n t l y  lower u n i t  energy consumption 

than the  DR + EF p l a n t s ,  but high investment c o s t s  assoc ia ted  with these  

f a c i l i t i e s ,  along wi th  a long-term surp lus  of worldwide s t e e l  production 

capaci ty make i t  un l ike ly  t h a t  any l a r g e  B F  + LD p lan t s  w i l l  be b u i l t  in : ; s .  

foreseeable  fu ture .  



D i r e c t  r e d u c t i o n  f u r n a c e s  have a  worldwide c a p a c i t y  of roughly 

25 m i l l i o n  t o n s  p e r  y e a r ,  less than 5  p e r c e n t  of t h e  world 's  annual  p i g  

i r o n  product ion i n  b l a s t  furnaces .  However, t h e  DR + EF i n d u s t r y  has  seen 

r a p i d  growth dur ing  t h e  p a s t  decade; and t h i s  combination was s e l e c t e d  f o r  

s e v e r a l  i n t e g r a t e d  p l a n t s  of i n t e r m e d i a t e  c a p a c i t y  ( 1  t o  3 m i l l i o n  t o n s  

per  y e a r )  i n s t a l l e d  i n  developing c o u n t r i e s  s i n c e  1980 ( r e f e r  t o  Table  1.D-8). 

I n  t h e  developing world d i r e c t  r e d u c t i o n  p l a n t  accounts  f o r  about 15% of 

product ion.  Condi t ions  f a v o r a b l e  t o  DR + EF i n c l u d e  smal l  t o  i n t e r m e d i a t e  

c a p a c i t y ,  low energy c o s t s ,  n a t u r a l  gas  a s  a  r e d u c t a n t  and a s u f f i c i e n t l y  

l a r g e  market t o  a c t  a s  a  base-load o u t l e t  f o r  t h e  product.  

A s  a guide ,  c a p i t a l  and o p e r a t i n g  c o s t s  a r e  reproduced h e r e ,  

based on 1980 f i g u r e s .  Table  1.B-4 shows t h e  c a p i t a l  c o s t s  of a  DR + EF 

p l a n t  which produces 500,000 t o n s  o f  s t e e l  p e r  year .  Table  1.B-5 shows 

es t imated  o p e r a t i n g  c o s t s  f o r  a  400,000 t o n  c a p a c i t y  sponge i r o n  p l a n t ,  

whi le  t h e  e f f e c t  of n a t u r a l  gas  and e l e c t r i c i t y  p r i c e s  on c o s t s  is  i n d i c a t e d  

i n  Table  1.B-6. Cos t s  f o r  p roduc t ion  of s t e e l  i n  a  500,000 ton  per  year  

e l e c t r i c  a r c  f a c i l i t y ,  i n  t h i s  c a s e  us ing  s c r a p  a s  approximately 30% of feed- 

s t o c k ,  a r e  shown i n  Table 1.B-7. 

It can t h u s  be seen t h a t  t h e  energy c o s t s  of producing s t e e l  a r e  

of v i t a l  importance and t h a t  t h e  h igher  t h e  s c r a p  c o n t e n t ,  t h e  lower t h e  

energy c o s t s .  This  f a c t  makes S + EF process  f a v o r a b l e ,  e s p e c i a l l y  f o r  

s m a l l  p l a n t s  l o c a t e d  c l o s e  t o  scrap-producing i n d u s t r i a l  c e n t e r s .  Proximity  



TABLE 1.B-4 

CAPITAL COSTS OF A DR+EF PLANT PRODUCING 500,000 TONS OF STEEL PER YEAR 

 illi ions o f  US d o l l a r s  

S i t e  development 48 
S torage  b u i l d i n g s  4 
D i r e c t  r e d u c t i o n  p l a n t  75 
SteelmakLng p l a n t  ( e l e c t r i c  furnace )  5 3 

Continuous c a s t i n g  p l a n t  5 0 
Misce l l aneous  10  

Source: Mineral  P rocess ing  i n  Developing Count r i es  - A U.N. Study. 

TABLE I. B-5 

OPERATING COSTS (EXCLUDING ENERGY) FOR A 400,000 TON/YEAR CAPACITY SPONGE I R O N  PLANT 

M i l l i o n s  of  US d o l l a r s  

I ron  o r e :  1 . 5  t o n s  per ton  product ,  
a t  $35 / ton  

Labour and s u p e r v i s i o n  : 
60 man-years a t  $10 ,000  

Maintenance s u p p l i e s  
$4  per ton  product 

Misce l l aneous  

T o t a l  

Source: Mineral  Process ing i n  Developing Count r i es  - A U.N.  Study. 



TABLE 1.B-6 

EFFECT OF GAS AND ELECTRICITY PRICES ON OPERATING COSTS FOR 

A 400,000 TONS/YEAR CAPACITY SPONGE IRON PLAhT 

- 

Natural gas  p r i c e s  (US $ / m i l l i o n  BTU) 
4 8 12 

Bas ic  operat ing charges 23,900,000 23,900,000 23,900,000 
 able I. B-5)  

Natural gas (12,500,000 20,000,000 40,000,000 60,000,000 
BTU psx ton product ) 

E l e c t r i c i t y  (150 per ton):  
2.4~/kWh 1,440,000 
5*2~/kWh 3,120,000 
8.0dkWh 4,800,000 

To t a l  
Cost per ton 

Source: Mineral Processing i n  Developing Countries - A U . N .  Study. 
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TABLE 1.B-7 

ELECTRIC ARC STEEL OPERATING COSTS (MELTING AND 
CASTING) AT AN ANNUAL CAPACITY OF 500,000 TONS STEEL 

Opera t ion  Anaual cha rge  

Smel t ing and c a s t i n g  
S c r a p  i r o a  150,000 t o n s  a t  $80 p . t .  
Labour and s u p e r v i s i o u :  300 a t  $10,000 p.a. 
Fluxes:  50,000 t o a s  a t  $35 p . t .  
FerroaXloys:  10,000 a t .  $600 p.t.  
R e f r a c t o r i e s :  20,000 t o n s  a t  $400 p . t .  
E l e c t r o d e s :  3000 t o n s  a t  $2000 p . t .  
Maintenance and s u p p l i e s  
Miscel laneous  

T o t a l  40,200,000 

N a t u r a l  g a s  p r i c e s  ( $ / m i l l i o n  BTU) 
.!b 8 1 7  

Smel t ing and c a s t i n g  40,200, a00 40,200,000 40,200,000' 
N a t u r a l  g a s  a t  400,000 BTU p.a. 1,600,000 1,200,000 4,800,000 

E l e c t r i c i t y  700:kWh p . t .  
a t  2.4C per  kWh 
a t  5.2C per  kWh 
a t  8.0C per  kWh 

T o t a l s  50,200,000 61,600,000 73,000,000 

par ton 100 123 146 

Combined sponge i r o n  and s l a b  p roduc t ion  
Annual sponge i r o n  c o s e s  Range:($ m i l l i o n )  45.34 - 67.02 - 88.70 
Annual me l t ing  and c a s t i n g  c o s t s  :Range: ($ m i l l i o n )  50.20 - 61.60 - 73.00 

T o t a l  95-54 -128.62 -161.70 

F i n a l  o p e r a t i n g  c o s t  per ton s l a b  $191 $257 $323 

- 

Source: Mineral  P rocess ing  i n  Developing Count r i e s  - A U.N. Study.  



t o  i r o n  o r e  r e s e r v e s ,  whi le  obv ious ly  advantageous,  i s  a p p a r e n t l y  n o t  a  

p r e r e q u i s i t e  f o r  DR + EF f a c i l i t i e s .  Two of  t h e  newest ones,  t h e  ISCOTT 

p l a n t  i n  Tr in idad  and Tobago, and t h e  HADEED p l a n t  i n  Saudi Arabia,  have 

b u i l t  p o r t  f a c i l i t i e s  t o  hand le  i r o n  o r e  imports.  . 

I n  most developing c o u n t r i e s  it  i s  l i k e l y  t h a t  t h e  b e s t  r o u t e  t o  

new o r  inc reased  i n s t a l l e d  c a p a c i t y  i s  by t h e  DR + EF process .  The reasons  

f o r  t h i s  i n c l u d e  lower c a p i t a l  c o s t s  and t h e  p o s s i b i l i t y  of us ing  n a t u r a l  

gas ,  which i s  perhaps  t h e  p r i n c i p a l  f e a t u r e  enab l ing  domestic steel product ion.  

Where t h e r e  a r e  d e p o s i t s  of bo th  i r o n  and c o a l ,  coupled w i t h  high demand, 

which is t h e  c a s e  of developed c o u n t r i e s  r e l y i n g  mainly on import ing l a r g e  

q u a n t i t i e s  of f o r e i g n  o r e s ,  t h e  BF + LD r o u t e  r e t a i n s  advantages.  

I.B.7 Environmental Impact 

The convers ion of i r o n  o r e  i n t o  steel produces a  number o f  gaseous,  

l i q u i d  and s o l i d  was tes ,  which r e q u i r e  proper t r ea tment  be fore  r e l e a s i n g  i n t o  

t h e  environment. A b r i e f  d e s c r i p t i o n  of t h e  waste  sources ,  was te  c h a r a c t e r  

and volumes, e f f l u e n t  l i m i t a t i o n s  based on b e s t  p r a c t i c a b l e  t r ea tment  

technology c u r r e n t l y  a v a i l a b l e ,  and a p p l i c a b l e  waste  t r ea tment  methods can 

be found i n  "Environmental Guidelines",  World Bank, O f f i c e  of Environmental 

A f f a i r s  (1984). I n  t h i s  paper ,  t h e  i r o n  and steel manufacture i s  broken 

down i n t o  f i v e  segments: ( a )  o r e  p r e p a r a t i o n ,  s i n t e r i n g  and p e l l e t i z i n g ;  

(b)  by-product coke product ion;  ( c )  b l a s t  fu rnace  and d i r e c t  r e d u c t i o n  

p rocess ;  (d) s t e e l  product ion;  and (e) r o l l i n g  and f i n i s h i n g  o p e r a t i o n s .  

For each i n d i v i d u a l  segment, a document has  been prepared which p r e s e n t s  

in fo rmat ion  a s  needed f o r  a s s e s s i n g  t h e  environmental  e f f e c t s  of t h e  waste  

produced by t h e  opera t ion .  



I n  g e n e r a l ,  t h e  p roduc t ion  of was te  gases  i s  of major s i g n i f i c a n c e  

i n  a steel p l a n t .  A l a r g e  number o f  o rgan ic  and i n o r g a n i c  a i r  p o l l u t a n t s  a r e  

genera ted ,  some of which a r e  t o x i c  subs tances .  The l is t  of gaseous waste  

i n c l u d e s  among o t h e r s  s u l f u r  d i o x i d e ,  carbon monoxide and d i o x i d e ,  n i t r o g e n  

ox ides ,  o x i d e s  of i r o n  and z i n c ,  a l k a l i n e  ox ides ,  s u l f i d e s ,  cyan ides ,  

f l u o r i n e  compounds, gaseous ammonia, fumes, d u s t s  and a l a r g e  amount of 

p a r t i c u l a t e  m a t t e r .  

A number o f  d i f f e r e n t  t echn iques  a r e  employed s e q u e n t i a l l y  i n  o r d e r  

t o  l i m i t  o r  e l i m i n a t e  t h e  a i r  p o l l u t a n t s  from t h e  produced gases ,  depending 

on t h e  waste  c h a r a c t e r  and i ts  source .  Wet scrubbing which r e s u l t s  i n  waste  

water  p roduc t ion ,  and d r y  f i l t r a t i o n  which r e s u l t s  i n  s o l i d  was te  g e n e r a t i o n  

a r e  two common s t a g e s  i n  t h e  c l e a n i n g  p rocesses  o f  t h e  gaseous emiss ions .  

Wastewaters a r e  a l s o  generated from t h e  coo l ing ,  c rush ing ,  and 

s c r e e n i n g  of t h e  p roduc t s  of t h e  d i f f e r e n t  manufacturing s t a g e s .  Large volumes 

of wastewaters  a r e  produced d u r i n g  t h e  r o l l i n g  and f i n i s h i n g  o p e r a t i o n s ,  

s i n c e  water  is  used i n  c l e a n i n g ,  s u r f a c e  p r e p a r a t i o n ,  and p l a t i n g .  Due 

mainly t o  t h e  use  of wa te l -o i l  s o l u t i o n s  f o r  coo l ing  m a t e r i a l s  and r o l l s  i n  

t h e  r o l l i n g  s t a g e ,  h igh  c o n c e n t r a t i o n s  of s o l i d s ,  o i l s  and g r e a s e s  a r e  

d i scharged .  Heavy meta l s  and t o x i c  o rgan ic  p o l l u t a n t s  a r e  a l s o  p resen t  and 

must be removed b e f o r e  d i s c h a r g e  of t h e  e f f l u e n t .  

I n  a d d i t i o n ,  l a r g e  volumes of water  a r e  used f o r  i n d i r e c t  (non- 

c o n t a c t )  c o o l i n g  o p e r a t i o n s  of d i f f e r e n t  p a r t s  of t h e  p l a n t .  However, t h e s e  

wa te r s  a r e  normally n o t  contaminated,  except  from l e a k s  i n  c o i l s ,  tubes ,  o r  

o t h e r  equipment, and a r e  of l i t t l e  o r  no s i g n i f i c a n c e  from t h e  p o l l u t i o n  

s t a n d p o i n t .  



Combinations of p h y s i c a l ,  chemical  and b i o l o g i c a l  methods a r e  

widely  used t o  reduce t h e  c o n c e n t r a t i o n s  o f  contaminants and t o  b r i n g  t h e  pH 

i n t o  a c c e p t a b l e  l e v e l s .  

So l id  waste  o r i g i n a t e  e i t h e r  from t h e  t r ea tment  of t h e  gaseous 

and l i q u i d  emiss ions  o r  d i r e c t l y  from t h e  manufacturing processes .  B l a s t  

fu rnace  s l a g ,  r e f r a c t o r y  m a t e r i a l s ,  l a d l e  s k u l l  ( t h e  meta l  s h e l l  which 

s o l i d i f i e s  on t h e  s i d e s  and bottoms of t h e  l a d l e ) ,  s l a g  f i n e s ,  fumes, s l u r r i e s ,  

s t e e l  s c r a p ,  m i l l s c a l e ,  s c a r f i n g  r e s i d u e s ,  used o i l s  and g r e a s e s ,  and 

s ludges  a r e  t h e  main s o l i d  waste.  Most of t h e s e  a r e  s e p a r a t e d  and recovered 

o r  recyc led  back i n t o  t h e  i r o n  o r  s tee lmaking process .  

The s l a g s  a r e  processed and used a s  a b u i l d i n g  m a t e r i a l  ( re inforcement  

o f  r i v e r - a n d  c a n a l  banks, road b u i l d i n g ,  r a i lway  t r a c k  b a l l a s t ) ,  raw m a t e r i a l  

f o r  b l a s t  fu rnace  cement, and o t h e r  s i m i l a r  purposes.  S lags  c o n t a i n i n g  

h igh  l e v e l s  of P205 can be  ground and used a s  f e r t i l i z e r .  S t e e l  s c r a p  

r e s u l t i n g  from s t e e l  pour ing can be  r e a d i l y  recyc led .  M i l l s c a l e ,  d u s t s  and 

s l u r r i e s  can be fed back i n t o  t h e  s i n t e r  p l a n t .  The r e s i d u e  which cannot 

be  recyc led  o r  used f o r  o t h e r  purposes is  dumped t o  l a n d f i l l  s i t e s .  

Noise p o l l u t i o n  is a major concern i n  a t y p i c a l  i n t e g r a t e d  i r o n  and 

s t e e l  works. Noise r e s u l t s  from: (a) p roduc t ion  and p rocess ing  o p e r a t i o n s ;  

(b) handl ing and t r a n s p o r t  of raw m a t e r i a l s  and semi-finished p roduc t s ;  and 

(c )  aerodynamic and hydrodynamic sources .  



E f f o r t s  should be aimed a t  lowering noise  l e v e l  i n  t h e  working 

environment and removing no i se  problems i n  nearby r e s i d e n t i a l  areas .  The 

employment of i s o l a t e d  and acous t i ca l ly  sealed machines, c a r e f u l  design and 

i s o l a t i o n  of pipes,  use of low no i se  valves and v e n t i l a t o r s ,  replacement of 

road o r  rai lway haul ings by conveyor b e l t s  and systems, and the  acous t i ca l ly  

treatment of e n t i r e  bu i ld ings  i f  necessary a r e  some of t h e  measures which 

may be taken i n  order  t o  reduce no i se  l eve l s .  

I.R.8 Seaborne Iron Ore and Coal Transport 

I ron  o r e  and coa l ,  t he  main raw ma te r i a l s  i n  s t e e l  indus t ry ,  have 

always been big sh ip  t rades.  The reason is  t h a t  t hese  commodities a r e  easy 

t o  handle and s t o r e ,  a r e  required r egu la r ly  a t  t he  poin t  of consumption i n  

l a r g e  tonnages and a r e  of low value. 

I ron  o r e  i s  t h e  most important dry  commodity i n  world seaborne 

t r a d e  wi th  14% of t h e  volume of dry cargo t r ade  i n  1983. I n  t he  same year ,  

coa l  accounted f o r  about 11% of the  t o t a l  seaborne dry  cargo t rade .  However, 

only about 58% of t h e  t o t a l  volume of t ransproted coa l  was meta l lurg ica l  coa l  

mainly consumed by t h e  s t e e l  indus t ry .  

The i ron  o r e  volume, d is tance ,  and average loaded haul f o r  t he  ten 

year period 1973-83 a r e  shown i n  Table 1.B-8. The volume of shipped i r o n  o r e  i n  

1983 w a s  13.76% l e s s  than ten years  ago, and the  ton-miles were 5.58% l e s s .  

The average t rad ing  d is tance ,  however, increased from 4690 miles  i n  1973 t o  

5140 mi les  i n  1983, which represents  a  9.49% increase.  The volume of 

me ta l lu rg i ca l  coa l  annual ly t ransported i n  sh ips  during t h e  l a s t  decade i s  

shown i n  Table 1.B-9. 



TABLE I. B-8 

Year - 

WORLD SEABORNE TRADE OF IRON ORE 1973-1983 

Volume in m i l l i o n  Ton-mil e s  Average d i s t a n c e  of loaded 
m e t r i c  t o n s  i n  b i l l i o n  voyage i n  m i l e s  

Source of d a t a :  Fearn leys ,  "World Bulk ~ r a d e s " ,  1983. 

TABLE I. B-9 

COMPOSITION OF WORLD SEABORNE HARD COAL TRADE: 1973-82 
(Mi l l ion  Tons) 

* Steam coal + anthracite 

Source: Drewry Shipping Consu l tan t s  Ltd . , "Coal Trade and Shipping i n  t h e  1980s", 
1983. 

1981 

124 
87 
41 

1982 

120 
85 
42 

1978 

85 
40 
32 

1977 

95 
37 
28 

YEAR: 

Metallurgical 
Thermal* 
X Thermal 

1979 

104 
53 
34 

1973 

87 
19 
18 

1980 

114 
74 
39 

1976 

94 
33 
26 

1974 

96 
28 
23 

1975 

94 
32 
25 



Any bu lk  v e s s e l  may f i n d  employment i n  t h e  i r o n  o r e  t r a d e .  It 

i s ,  i n  f a c t ,  t h e  p h y s i c a l  c o n s t r a i n t s  a t  p o r t s ,  t o g e t h e r  w i t h  t r a d i t i o n a l  

p r a c t i c e s  which de te rmine  t h e  p r e f e r e n c e  f o r  p a r t i c u l a r  s i z e s  o r  t y p e s  of 

sh ip .  The t y p e s  of s h i p s  employed i n  t h e  i r o n  o r e  t r a d e  a r e :  (a)  "pure" o r e  

c a r r i e r s ;  (b) bu lk  c a r r i e r s  s u i t a b l y  s t reng thened  f o r  t h e  c a r r i a g e  o f  o r e ;  

( c )  combined o r e - o i l  o r  ore-bulk-oil  v e s s e l s ;  and (d) o t h e r  s p e c i a l i z e d  

t y p e s  i n c l u d i n g  se l f -un loaders  and " s l u r r y  c a r r i e r s " .  

Ore c a r r i e r s  a r e  s h i p s  des igned s p e c i f i c a l l y  f o r  t h e  c a r r i a g e  of 

o r e ,  and they  used t o  be more prominent i n  t h e  i r o n  o r e  t r a d e .  However, t h e i r  

s h a r e  of t r a d e  i s  s t e a d i l y  d e c l i n i n g  due t o  t h e i r  l a c k  of f l e x i b i l i t y .  Now, 

on ly  v e r y  l a r g e  o r e  c a r r i e r s  a r e  used on t h e  r o u t e s  t o  Japan. A t  p r e s e n t ,  

se l f -un loaders  a r e  conf ined t o  t h e  shor t -haul  Great  Lakes o r e  t r a f f i c ,  whi le  

t h e  s l u r r y  concept has  drawbacks which p rec lude  i t  from having a wider 

a p p l i c a t i o n  ( i t  has  been a p p l i e d  on ly  by producers  i n  Peru and New Zealand 

supplying Japan) .  Thus, t h e  main volume of t h e  i r o n  o r e  t r a d e  i s  c a r r i e d  i n  

bu lk  c a r r i e r s  and combined s h i p s .  Combined v e s s e l s  conveyed about  32% of 

t h e  i r o n  o r e  shipped volume i n  1983. Bulk c a r r i e r s '  s h a r e  was about  60%. 

The s i z e  d i s t r i b u t i o n  o f  s h i p s  used f o r  i r o n  o r e  shipments i n  t h e  

decade 1968-78 is  shown i n  Table  1.B-10, w h i l e  Table  1 . B - 1 1  p r e s e n t s  more 

r e c e n t  f i g u r e s .  A s  t h e s e  t a b l e s  r e v e a l ,  t h e  s m a l l e r  s h i p s  of l e s s  than 40,000 

DWT have s t e a d i l y  l o s t  ground, t h e i r  s h a r e  of sh ipp ing  being reduced from 

46% i n  1968 t o  9% i n  1983. Th is  t r e n d  towards l a r g e  v e s s e l s  can be expla ined 

by: (a)  t h e  economies of s c a l e ;  (b) t h e  upgrading of p o r t  f a c i l i t i e s ;  and 

(c )  t h e  d ramat ic  change i n  t h e  u t i l i z a t i o n  of t h e  combined c a r r i e r  f l e e t  

fo l lowing the c o l l a p s e  of t h e  t anker  market i n  l a t e  1973. 
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TABLE I. B-10 

SIZES OF SHIP TRANSPORTING IRON ORE 1968-78 
(% S h a r e  of T o t a l  S e a b o r n e  T r a d e )  

' 
SIZE GROUP : I 2y,"& 
YEAR 

- 

* E s t i m a t e d  

80,000- 
100,000 

2 
4 
5 
4 
5 
5 
7 
8 
9 
8 
6 

Source :  H.P. Drewiy Ltd. ,  "The P r o s p e c t s  f o r  Seaborne  I r o n  Ore  T r a d e  and 
T r a n s p o r t a t i o n " ,  1979. 

OVER 
100,000 

1 
21 
6 
11 
1 9  
25 
3 2  
3 7 
4 2 
48 
5 4 

TABLE 1 . B - 1 1  

IRON ORE SHIPMENTS. SIZE DISTRIBUTION OF VESSELS 1983 
Figures in Z of total seaborne trade of each area. 

Total 1 9 8 3  
rota 
~ o t a i  1%; 

Exporting areas 
Scandinavia 
West Africa 
Other Africa 
North America 
S. America Atl. 
S. America Pac 
Asia 
Australia 

Importing areas 
UK/Contlnent 
Mediterranean 
Other Europe 
USA 
Japan 
Others 

Note:  Percentages  f o r  v e s s e l s  below 40 000 dwt a r e  r e s i d u a l s ,  c a l c u l a t e d  a8  the  d i f f e r e n c e  

between t o t a l  q u a n t i t y  o f  i r o n  o r e  movemrnt8 and ~ h i p m e n t s  by vesse ls  over 40 000 d r t .  

Source :  F e a r n l e y s ,  "World Bulk Trades" ,  1983.  

Size groups of vessels in ' 0 0 0  dwt 
- 4 0  5 0 - 6 0  6 0 - 8 0  8 0 - 1 0 0  1 0 0 *  

1 1  2 19  13  5 5 
1 0  7 19  3  2 3  2 
3 3  6  5 2 5 4  

3  3 2  1  5 6  8  
4  7 16  3  7 0  

2 0  - - 2 7  8  
2 1  12  1 2  5 5 0  

4  2 8 5 8  1  

6  1  17  1 0  6  6  
12  8  14 14 5 2 
2 2  2 8 3  0  9  1 1  
2 1  1 0  5 3  1 1  5 

6  2 4  1  8 7 
14 11 13 16  4  6  

Total 

1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  

1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  
1 0 0  



A more d e t a i l e d  a n a l y s i s  of shipments by v e s s e l s  over  100,000 DWT 

i n  1983 shows t h a t  t h e  pe rcen tage  shipped by 100-150,000 DWT was 37%, by 

150-200,000 DWT l a % ,  and by v e s s e l s  over  200,000 DWT 11%. The l a r g e s t  v e s s e l s  

were employed i n  t h e  long  h a h l s  from A u s t r a l i a ,  South America and South 

A f r i c a  t o  Japan and UK/Continent, were l a r g e - s c a l e  BF + LD s t e e l  p l a n t s  a r e  

i n s t a l l e d .  

For a  DR p l a n t  of 500,000 t / a  o u t p u t ,  i r o n  o r e  requirements  would 

be ,  say ,  750,000 t /a .  The economics of shipment would have t o  be  considered 

i n  r e l a t i o n  t o  o t h e r  d i s c h a r g e  requirements  of t h e  t r a d e  r o u t e ,  bu t  use of 

f u l l y  loaded l a r g e  v e s s e l s  of say  100,000-200,000 DWT f o r  f u l l  p a r c e l  

d e l i v e r i e s  may n o t  be p r a c t i c a l  i n  view of  inven tory  and s t o c k  p i l e  c o s t s ,  

a s  w e l l  as due t o  d r a f t  r e s t r i c t i o n s .  I n  such c i rcumstances  "panamax" s i z e  

s h i p s  (a l though,  i n  f a c t ,  l i t t l e  o r e  p a s s e s  through t h e  Panama Canal)  may be 

more a p p r o p r i a t e  and p o r t  f a c i l i t i e s  s c a l e d  accordingly .  

The same t r e n d  towards l a r g e r  v e s s e l s  appears  i n  t h e  c o a l  seaborne 

t r a d e .  Table 1.B-12 shows t h e  s i z e  d i s t r i b u t i o n  of s h i p s  (mainly bu lk  c a r r i e r s  

and combined v e s s e l s )  used f o r  t r a n s p o r t i n g  c o a l .  The s i z e  and d i s t a n c e  of 

t h e  shipment,  d r a f t  r e s t r i c t i o n s  of expor t ing  and import ing p o r t s ,  and o t h e r  

r o u t e  c o n s i d e r a t i o n s  (such a s  p a s s i n g  through t h e  Panama Canal) a r e  aga in  

t h e  main f a c t o r s  f o r  s e l e c t i n g  t h e  proper type  and s i z e  of sh ip .  



TABLE 1.B-12 

SIZE (DWT) 

SIZE OF SHIPS TRANSPORTING COAL 
(% of t r ade )  

Under 40,000 4 7 41 29 35 30 32 30 2 7 
40 - 60,000 2 9 2 5 19 15 14 1 0  10  8 
60 - 80,000 13 21 27 2 0 2 3 2 3 24 2 3 
80 - 100,000 2 3 4 4 5 5 5 7 
Over 100,000 9 10  2 1 2 6 2 8 3 0 31 3 5 

Data derived from Fearnleys,  "World Bulk Trades", 1983; and H.P. Drewry Ltd.,  
"Coal Trade and Shipping i n  t h e  1980s1', 1983. 



1 .C  S t e e l  P l an t  Descript ions 

I . C . l  ISCOTT S t e e l  P l an t  

P lan t  loca t ion :  Point  Lisas ,  Trinidad and Tobago. 

Owner: ISCOTT ( I ron  and S t e e l  Company of Trinidad and Tobago). 

Ironmaking process: two d i r e c t  reduct ion modules based on Midrex design,  

each r a t ed  f o r  420,000 tonnes/year of d i r e c t  reduced i ron .  

Steelmaking process: two e l e c t r i c  a r c  furnaces; two 4-strand cas t ing  machines 

producing 600,000 tonnes/year;  one r o l l i n g  m i l l ,  capac i ty  of 485,000 

tonnes/year wire  rod products. 

Dock: permanent f i nge r  dock 378 meters long, 16 meters wide, ber ths  one general  

cargo v e s s e l  and one bulk c a r r i e r .  

Draft :  dredged t o  13.5 meters t o  handle v e s s e l s  up t o  60,000 DWT f u l l y  laden. 

Unloading: two 25-tonne l e v e l  l u f f i n g  c ranes  r a t e d  a t  600 tonne/hour, wi th  

bucket capac i ty  of 15  tonnes, bucket speed of 90-108 meters/min, 

and a l i f t  of 37 meters. 

Raw mate r i a l  conveyors (dock t o  s torage) :  r a t ed  a t  1200 tonnes/hr ,  wi th  a 

speed of 2.54 meterslsec. They can move 529 cubic meters of p e l l e t s /  

hr  o r  680 cubic meters of o r e  and l imestonelhr .  

Raw ma te r i a l s  s torage :  200,000 tonnes of ore/ l imestone.  DRI p e l l e t s  a r e  

s tored  i n  s i x  5000-tonne s i l o s  and a 30,000-tonne warehouse. 

DRI conveyors: from s h a f t  furnace t o  s i l o  and from s i l o  t o  meltshop v i a  

500 tonlhr  conveyor system. 

E l e c t r i c a l  se rv ice :  supplied from nearby generat ing s t a t i o n  v i a  two 132-KV 

overhead c i r c u i t s .  Two 132133 KV stepdown transformers r a t ed  a t  

70193 Mva provide power t o  furnaces.  Two 132113.8 KV stepdown 

transformers r a t ed  a t  37.5/50 Mva provide power t o  t he  p lan t  motive 

load,  but one can support t o t a l  consumption. 



Construction figures: piled foundation, over 7100 piles driven. Heavy 

loads (160 kips in compression, 120 kips in uplift, and 11 kips 

laterally) are supported by H-section steel piles driven to an 

average depth of 100 it. 70,000 cubic meters of concrete and 

19,500 tonnes of steel were used to build the plant. Work force 

numbered 2500 at peak activity and a total of 750 person-years was 

spent in construction. 



I.C.2 HADEED S t e e l  P l a n t  

P l a n t  l o c a t i o n :  Al-Jubai l ,  Saudi  Arabia.  

Owner: HADEED (Saudi I r o n  and S t e e l  Company). 

S t a r t u p :  1982. 

P l a n t  investment :  c o n s t r u c t i o n  of i n t e g r a t e d  p l a n t  c o s t  2.4 b i l l i o n  

Saudi  Riya l s ,  and s t a r t - u p  c o s t s  ( t r a i n i n g ,  i n i t i a l  raw m a t e r i a l s ,  

s p a r e  p a r t s )  were 600 m i l l i o n  Saudi Riya l s .  

Annual product ion:  800,000 tonnes  of sponge i r o n ,  850,000 tonnes  of s t e e l  

b i l l e t s  (100-150 mm s q u a r e  x 5 t o  14 m long)  t h a t  a r e  conver ted 

t o  800,000 tonnes  of rod products .  

S i t e :  440 h e c t a r e s ,  w i t h  s e a ,  road,  and r a i l  access .  

Ironmaking: two 400,000 tonnes  pe r  y e a r  Midrex DR modules. 

Steelmaking: t h r e e  1 2 0 4  on nominal c a p a c i t y  e l e c t r i c  a r c  f u r n a c e s  w i t h  

160 minutes tap-to-tap t i m e .  

Raw m a t e r i a l s  s t o r a g e :  400,000 t o n s  i r o n  o r e  s t o r a g e  yard.  

Scrap s t o r a g e :  l o c a l  s c r a p  s t o r a g e ,  and a 10,000 t o n  upgraded s c r a p  s t o r a g e  

yard.  

Annual raw m a t e r i a l s  and energy consumption: 

(1) 1,200,000 t o n s  of i r o n  o r e  imported from B r a z i l  and Sweden 

i n  p e l l e t s  t o  lumps r a t i o  60:40. 

(2) 175,000 tons  of s c r a p ,  of which 85,000 i s  in-house generated 

and 90,000 from l o c a l  i n d u s t r i e s .  

(3) 20,000 t o n s  of m e t a l l u r g i c a l  a d d i t i v e s .  

(4) 50,000 t o n s  of burn t  l ime f o r  f l u x i n g .  

(5) 200 m i l l i o n  cubic  mete r s  of n a t u r a l  gas.  

( 6 )  1 b i l l i o n  KWH e l e c t r i c  power. 



3 Energy c o s t s  assumed: n a t u r a l  gas @ .05 DM/m (1983) 

e l e c t r i c a l  @ .03 DM/KWH (1983) 

S t e e l  p l an t  d e t a i l s :  f i v e  main bays, a 7 x 150 m D R I  add i t i ves  bay, a 24 x 165 m 

furnace bay housing 3 e l e c t r i c  a r c  furnaces and th ree  s e r v i c e  c ranes ,  

a 30 x 150 m ca s t ing  bay with t h r e e  c a s t e r s  and th ree  se rv i ce  c ranes ,  

a 27 x 150 m cooling bed bay with 25t handling crane,  and a 32 x 210 m 

b i l l e t  s to rage  and shipping bay wi th  25t crane. 

Sea water cooling: DR p l a n t ,  r o l l i n g  m i l l s ,  and s t e e l  p l an t  u t i l i z e  24,000 

3 m /h  sea water f o r  cooling. Sea water conveyed from a sea  water 

canal  through 2m diameter concrete  pipes v i a  seven c e n t r i f u g a l  

3 
pumps of 3800 m / h  capaci ty a t  35.5 m head. 

Manpower: technica l  manpower is  over 1600 men (on 4 s h i f t s ) , .  of which 179 

work i n  t he  DR p l an t ,  363 i n  t h e  s t e e l  p l an t ,  330 i n  t he  r o l l i n g  

m i l l ,  and 786 i n  a u x i l i a r y  se rv i ces  such a s  t he  oxygen p l an t ,  n a t u r a l  

gas desu l fu r i za t ion ,  water treatment,  maintenance, e t c .  



I.C.3 Fukuyama I ron  Works 

Location: Fukuyama, Japan. 

Owner : Nippon Kokan. 

Output: 12 mi l l i on  tons crude s t e e l / y e a r .  

S i t e  area:  about 900 hec ta res .  

Layout: see Figure 1.C-1 .  

Mater ia l  flows: s e e  Figure 1.C-2. 

Maximum v e s s e l  s i z e :  up t o  250,000 DWT. 

Raw ma te r i a l  discharge:  each be r th  is  equipped f o r  unloading i ron  o r e  and 

c o a l  v i a  two 1,500 ton per hour d i schargers .  
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FIGURE 1.C-1 

LAYOUT OF E'UKUYAMA IRON WORKS 

Source:  Suzuki,  G. ,  and S a i t o ,  M. UNIDO, ID/WG,  146123, 1973. "Fac to r s  
A f f e c t i n g  I r o n  and S t e e l  Works a t  C o a s t a l  sites" 
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FIGURE I. C-2 

MATERIAL AND PRODUCTS FLOW AT THE FlTKUYAMA IRON WORKS 

Source :  Suzuk i ,  G., and S a i t o ,  M. UNIDO,  ID/WG, 146/23,1973. " F a c t o r s  
A f f e c t i n g  I r o n  and S t e e l  Works a t  C o a s t a l  S i t e s " .  



I.C.4 SIDOR S t e e l  P l a n t  Expansion Complex 

P l a n t  l o c a t i o n :  Matanzas, Venezuela, on t h e  s o u t h  bank of t h e  Orinoco 

River ,  about 250 km from t h e  sea and 500 km from Caracas. 

P l a n t  owner: SIDOR-CVG (S iderurg ica  d e l  Orinoco, C.A.). 

S t a r t u p :  1977-1980. 

Annual ou tpu t :  The expansion complex produces 2.56 m i l l i o n  t o n s l y e a r  of 

HYL direct - reduced i r o n ;  1.67 m i l l i o n  t o n s l y e a r  o f  MIDREX d i r e c t  

reduced i r o n ,  and 3.8 m i l l i o n  t o n s l y e a r  of e l e c t r i c  a r c  c rude  

s t e e l .  O r i g i n a l  open h e a r t h  p l a n t  has  a c a p a c i t y  of 1 .2  m i l l i o n  

t o n s l y e a r .  

I r o n  o r e  source:  O r e  from t h e  Cerro Bol ivar  o r e  mining complex is  processed 

i n  t h e  Ferrominera o r e  y a r d s  t o  s e p a r a t e  a 0-10 mm f r a c t i o n  f o r  

shipment by r a i l  t o  SIDOR, where i t  i s  reclaimed by a bucket 

r ec la imer  and s t o r e d  i n  f o u r  800-ton s i l o s .  

P l a n t  l ayou t :  see F igure  1.C-3. 

M a t e r i a l s  flow: see F igure  1.C-4. 



1- 
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FIGURE I. C-3 

SIDOR PLANT LAYOUT 

Source: M i l l e r ,  K . J . ,  I r on  and S t e e l  Engineer,  Sept.  1982. 



FIGURE 1.C-4 

MATERIALS n o w  AT THE SIDOR DRI STEEL PLANT 

Source :  Miller, K . J . ,  I r o n  and S t e e l  E n g i n e e r ,  Sep t .  1982. 



I.C.5 Hunters ton Coal/Ore Import Terminal 

Terminal l o c a t i o n :  Hunters ton,  Sco t land ,  on a  n a t u r a l  deepwater channel  

( F i r t h  o f  Cylde - s e e  F igure  1.C-5). 

Terminal owner: B r i t i s h  S t e e l  Corporat ion (BSC). 

S t e e l  p l a n t s  supp l ied :  The Ravenscraig Works, a  2  m i l l i o n  ton-per-year 

i n t e g r a t e d  p l a n t  l o c a t e d  a t  Motherwell ,  40 m i l e s  away from t h e  

t e r m i n a l ,  i s  supp l ied  by a  r a i l  l i n k .  A l a r g e  Midrex d i r e c t  

r e d u c t i o n  p l a n t  was b u i l t  a t  Hunters ton and, a l though  completed, 

was n o t  put  i n t o  o p e r a t i o n  due t o  economic c o n d i t i o n s .  

Throughput: With Ravenscraig producing 2  m i l l i o n  tons  of l i q u i d  s t e e l  per  

y e a r ,  t h e  t e r m i n a l  would supply 2.9 m i l l i o n  t o n s  of o r e .  U l t i m a t e l y ,  

as much as 4 . 1  m i l l i o n  t o n s  of o r e  could b e  r e q u i r e d  i f  t h e  s t e e l  

p l a n t  is  expanded t o  i ts  planned maximum c a p a c i t y  (3.2 m i l l i o n  t o n s  

pe r  y e a r ) .  

Unloading p i e r :  The j e t t y  head s t a n d s  i n  36 meters of water  a t  low t i d e ,  i s  

443 mete r s  long ,  and is  connected t o  t h e  s h o r e  by a  mile-long 

causeway. T o t a l  l e n g t h  of p i l i n g  used amounted t o  29  km f o r  410 

marine p i l e s  ( longes t  p i l e  was 92 mete r s ) .  

Vessel accommodation: The o u t e r  b e r t h  can accommodate s h i p s  up t o  350,000 DWT, 

and t h e  i n n e r  b e r t h  (25.5 meters  a t  low t i d e )  can t a k e  a  70,000 DWT 

v e s s e l .  

Unloading equipment: Two un loaders  7 2  meters  h igh and weighing 2,500 t o n s  each,  

have a  c a p a c i t y  o f  3,000 t o n s  pe r  hour each. These a r e  grab c r a n e s  

o f  63 ton  g r o s s  capac i ty .  J e t t y  i s  a l s o  equipped w i t h  a  4,000 tph  

s h i p  l o a d e r  f o r  expor t  of cargoes  i n  s m a l l e r  v e s s e l s .  



works 

FIGURE 1.C-5 

LOCATION OF THE HUNTERSTON ORE AND COAL TERMINAL 

Source :  Metals and Materials, S e p t .  1979. 
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Stockyard 

R a i l  c a r  

y o r s :  Ore moves t o  s h o r e  by an enclosed system of  conveyor 

b e l t s  des igned t o  suppress  d u s t  and n o i s e  p o l l u t i o n .  T o t a l  

l e n g t h  o f  raw m a t e r i a l s  conveyor is  5 m i l e s .  Handling r a t e s  

a r e  6000 t o n s  p e r  hour. 

: The s tockyard  occup ies  about  150 a c r e s  and can hold 1,175,000 

t o n s  of o r e  and 250,000 t o n s  of coa l .  The annual  throughput 

c a p a b i l i t y  of 8 m i l l i o n  t o n s  could b e  doubled by expansion allowance.  

O r e  is l a i d  o u t  i n  15-meter h i g h  p i l e s  a long  t h r e e  p a r a l l e l  beds ,  

each bed served by a s t acker /bucke t  r ec la imer  machine. Stacking 

can match t h e  s h i p  unloading r a t e  (6,000 tons  pe r  hour)  and 

rec la iming  can be  performed a t  4,000 t o n s  pe r  hour. A 32-meter 

h i g h  c o n t r o l  tower moni tors  and c o n t r o l s  s t o r a g e  o p e r a t i n g s  and 

d u s t l n o i s e  l e v e l s  i n  t h e  yard.  

loading/unloading:  Ore o r  c o a l  f o r  d i s p a t c h  t o  Ravenscraig can b e  

conveyed from t h e  s tockyard  o r  d i r e c t l y  from a ship. Feed from 

t h e  conveyor d i s c h a r g e s  i n t o  s t o r a g e  bunkers ho ld ing  2,500t of c o a l  

and 3 ,500t  of o re .  M a t e r i a l s  a r e  nex t  fed i n t o  weigh hoppers f o r  

g r a v i t y  load ing  of 100 ton  r o t a r y  .,wagons. Simultaneous load ing  

a l lows  a 21-wagon t r a i n  t o  be completed i n  l e s s  than  30 minutes.  

A t  Ravenscraig,  t h e  t r a i n  can be r o t a t e d  wi thout  uncoupling,  wi th  

an  unloading t i m e  of 45 minutes.  Only 3 hours  a r e  r e q u i r e d  from 

s t a r t  of r a i l  load ing  a t  Hunters ton t o  completion of unloading a t  

Ravenscraig.  



I.C.6 Tubarao I r o n  O r e  Loading F a c i l i t y  

Terminal l o c a t i o n :  Tubarao, B r a z i l  

Terminal owner: Cia Vale d e  Rio Doce 

Yard l a y o u t :  See F igure  1.C-6 

Yard f a c i l i t i e s :  

(1) F i r s t - s t a g e  c o n s t r u c t i o n  (1965-1969) 

6000 t p h  s t a c k e r  1 u n i t  

6000 tph  s h i p l o a d e r  1 u n i t  

8000 t p h  s h i p l o a d e r  1 u n i t  

(2) Second-stage c o n s t r u c t i o n  (1970) 

16000 t p h  s h i p l o a d e r  2 u n i t s  

16000 t p h  s t a c k e r  1 u n i t  . 
8000 t p h  rec la imer  3 u n i t s  

( 3 )  Third-stage c o n s t r u c t i o n  (1980-1982) 

16000 t p h  s t a c k e r  1 u n i t  

16000 tph  s lave-s tacker  2 u n i t s  

8000 t p h  s tacker - rec la imer  1 u n i t  

Equipment dimensions: See F igure  1.C-7. 
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FIGURE I. C-6 

LAYOUT OF TUBARAO IRON ORE LOADING TERMINAL 

Source:  I H I  Eng inee r ing  Review, A p r i l  1983. 



16000 tph Slave  Stacker 

SO00 tph Stacker-Reclaimer - 

Dual Unit Operation 

FIGURE 1.C-7 

EQUIPMENT ARRANGEMENTS AT THE TUBARAO IRON 
ORE TERMINAL ( D i m e n s i o n s  i n  m e t e r s )  

S o u r c e :  I H I  E n g i n e e r i n g  R e v i e w ,  A p r i l  1983. 
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TABLE 1.D-2 

IRON ORE: PRODUCTION, TRADE AND APPARENT CONSUMPTION, 1981 

Million metric tons actual weight. 
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- - Venezuela 
Chile 
Peru 
Mexico 

Mauretania 
. h r . r h  A C r i  n s  

(65 , .5c \ 
8.3 

A -  - . 

Eastern Europe (60 
China L DPR Korea 10.UL 

No damestic consumption of iron ore: 
inventories occurred. 

negative figure indicates that reduction of 

Source:  I r o n  and Steel  Engineer ,  Aug. 1983. 



TABLE 1.D-3 

THE MAJOR STEEL-PRODUCING COUNTRIES 

1981 and 1982 

Million metric tons crude steel production. 
- 

1982 1981 
Rank Tonnage Rank Tonnage 

WORLD TOTAL 644.4 707.5 

This table lists all countries producing more than two 
million metric tons of crude steel in 1982. 

Source: I r o n  and S t e e l  Eng inee r ,  Aug. 1983 



TABLE 1.D-4 CRUDE STEEL PRODUCTION BY PROCESS, 1982 

Product ion Open 
Million Oxygen E lec t r i c  Hearth k Other Total  
Metric Tons % % % % % 

Belgium 9.9 92.6 7.4 - - 100.0 

Denmark 0.6 - 100.0 - - 100.0 

FR Germany 35.9 80.0 17.6 1.5 - 100.0 
France 18.4 80.9 18.9 0.2 - 100.0 
I t a ly  24.0 47.4 52.6 - - 100.0 
Luxemburg 3.5 ,, 100.0 - - - 100.0 
Netherlands 4.4 94.7 5.3 - - 100.0 
United Kingdom 13.7 65.0 34.1 - - 100.0 
E EC 110.3 73.5 25.9 0.6 - 100.0 
Autst r i a  4.3 86.8 10.9 2.3  - 100.0 
Flnland 
Norway 
Portugal 
Spa ln 
Sweden 
Turkev 
~ u ~ o s i a v i n  E 3.0 35.8 26.4 37.8 - 100.0 
Other U. Europe 31.7 51.2 37.8 8.0 0.1 100.0 
Total I. Europe 142.0 69.2'. 28.6 2.2 - . 100.0 
Canada 11.0 61.1 25.1 13.8 - 100.0 
United S t a t e s  67.6 60.8 31.1 8.2 - 100.0 
North America 79.5 60.8 30.2 9.0 - 100.0 
Argentina 2. B 22.8 53.3 21.8 1.0 100.0 
Brazil  13.0 .' 66.4 26.3 7.4 - 100.0 
Chile 0.5 88.3 1.7 - - 100.0 
Mexico 7.1 41.2 43.5 15.4 - 100.0 
Venezuela E 2.3 - 83.4 16.6 - 100.0 
Lutin America 25.7 49.3 38.6 11.9 0.2 100.0 
India E 11.0 23.5 21.6 53.5 1 .5  100.0 
Rcp. of Korea 11.8 74.8 25.2 - - 100.0 
Japan 00.5 . 73.4 26.6 - - 100.0 
Taiwan (ROC) 4.2 63.7 36.3 - - 100.0 
Australia 6.4 85.6 1.7 12.7 _ .. 100.0 
South Africa E 8.2 73.2 26.8 - - 100.0 
T o t a l  Others 141 . O  69.6 25.3 4.7 0.1 100.0 
A1 1 Above - 388.3 66.4 28.4 5.2 0.1 100.0 
D u l  yaria* 2.6 57.0 25.0 17.1 - 100.0 
German DR* 7.1 9.0 28.7 60.8 1.5 100.0 
Hungary* 3.8 14.0 8.8 77.2 - 100.0 
I'olend* 14.5 38.2 14.0 47.8 - 100.0 
Romania* 13.0 44.5 19.7 35.9 - 100.0 
USSR* 147.0 29.5 10.9 59.1 0.5 100.0 
E a s t  ern Europc - l t iS.0 30.5 12.5 56.4 0.5 100.0 
TOTAL ALL C O U N T R ~ E S ~ ~ ~ .  3 54.7 23.2 21.9 0.2 100.0 

1981 percentage breakdown. 

S o u r c e :  I r o n  and S t e e l  E n g i n e e r ,  Aug. 1983. 



I 
TABLE 1 . D - 5  APPARENT STEEL CONSUMPTION, 1976 to  1982 

I Million metric tons crude steel equivalent. 

1976 1977 1978 1979 1980 1981 1982 

Japan 65.2 65.1 67.9 78.5 78.8 72.3 69.9 
EEC 114.7 107.2 105.1 114.4 108.1 98.7 91.6 
Other Western Europe 33.3 33.7 31.5 31.2 32.3 31.8 32.4 
United States 127.1 ,137.4 145.2 142.6 118.4 128.2 91.3 
Canada 12.6 12.8 13.6 14.9 13.8 14.4 10.5 
South Africa 5.4 4.5 5.1 6.0 6.9 6.6 5.9 

i 
i Oceania 6.4 5.8 5.7 7.2 7.1' 7.4 6.8 
I Total Industrialized 

Countries 367.4 366.5 374.1 394.8 365.4 359.4 308.4 

Latin America 25.0 28.0 30.2 32.4 36.7 34.3 30.2 
Africa except South 
Africa 7.2 8.5 " .8.1 7.3 8.6 8.6 8.6 

Middle East 15.1 14.3 . 16.0 16.3 15.8 15.8 . 15.9 
Asia except Japan. 

1 China, N. ~orea- 24.0 29.8 33.7 36.5 36.4 38.9 39.6 
I Total Developing 

Countries 71.3 80.6 88.0 92.5 97.5 97.6 94.3 

Total Western World 436.0 447.1 462.1 487.3 462.9 457.0 402.7 

USSR and Eastern 
1 Europe 200.9 203.4 212.4 210.8 207.5 203.3 204.5 

1 China and North Korea 29.5 35.7 47.7 50.4 48.9 45.1 47.0 
Total Centrally / Planned Economies 230.4 239.1 260.1 261.2 256.4 248.4 251.5 

( Total World 666.4 686.2 722.2 748.5 719.3 705.4 654.2 

Unallocat ed +9.0 -10.7 -5.2 -1.8 -3.3 i-2.1 -9.8 

World Crude Steel 
Product ion 675.4 675.5 717.0 746.7 716.0 707.5 644.4 

i 
1 

i Source:  Iron and Steel Engineer ,  Aug. 1983. 



TABLE 1 . D - 6  WORLD CRUDE STEEL PRODUCTION, 1973-1982 

( T h o u s a n d  Metric Tons) 

Belgium 
Denmark 
France 
Fli of Germany 
Greece 
Ire land 
I t r l y  
Lu>:rmbourg ' 

Netherlands 
iinired Klngdom* 

EEC 

Aust r l a  
Finland 
Norway 
P o r t u g a l  
dpaln 
Sweden 
S w ~ t z e r l a n d  
Turkey 
Yugoslavia 

YESTERN EUROPE 

Bulgaria 
C z e ~ n o s l  cvnkla 
DR Gemany 
Hu11g2- y 
Pol and 
li:~r.;in i n  
USSit 

EASTERN EUROPE 

h0hTH AMLIt ICA 

l Y s l  --- 
12283 

61 2 
21 258 
41610  

909 
33 

84777 
3790  
5472 

15573 

12631 ti 

4656 
2438  

848  
554 

12896 
37 7 0  
966 

3-1'15 
7 0 7 7  

1581336 

2 -1 H 3 
15270 
7467 
36-15 

15719 
13ir25 

14851 7 
20 1 ;  : :'I; 

1481 1 
10:1t; 14 

124455 

.,- 2' "ti 
13175 

L C15 
6 5 7  
3!l(i 
3:lljE 

2 t j  
7Zd5 

5 i) 
3 t i O  

15 
14 

2t129 

273 18 



TABLE 1.D-6 (Cont'd) 

1973 1974 1975 

A l ,  I l a  1115 175 2 2 1  
h.rct r i ~  12 15 1 4  
Tunis ia  140 132 130 
South Af r i ca  5722E 5839E 6831 
Zimbabwe 485 491 524 
Other 55E 60E 60E 

AFRICA 6609 6710 7780 

E I Y P ~  
I ran 
I s r ae l  
Q a t a r  
Other 

MIDDLE EAST 910 1227 1181 

Bang1 adesh 
China 
Hong Kong 
India 
I ndonrs l a  
J q a n  
Ualaysin 
DR of Korea 
P h i l i p p i n e s  
Singapore 
Rep. of Korea 
Taiwan (HOC) 
Thailand 
Other 

76 
23903 

1 ZOE 
7991 

100 
102313 

183 
3900E 

316 
188 

1994 
680 
251 
200E 

ASIA 157386 152.175 141315 

Austral  la  7ijl39 7d13 7609 
New Zrs land 190 194 185 

OCEAN I A 7899 61)07 805 1 

TOT A L (jY74 18 7031157 ti.13259 

29 l l S I  
Reporting C t s .  I8 191 1 187892 .1 17770 

Devc  lop^ lig 
C o u n t  1 . 1 ~ ~  28399 308 1.1 3211f)t) 
1 n d ~ ~ s r  r I ;i 1 
C o u ~ l t  r lrs ,ltj2390 11j:i227 :191~3 1 

Western World 1907H9 49 104 1 423533 

Comtc-~II. Cli i na,  
N. Korea 206639 20961 G 3 19726 

Source: Iron and Steelmaking, (July 1983). 

1 16381 435098 l(J.0380 187600 1539LJ7 

150580 4 I1 00 I lGti339 I94 124 4006 13 

373ij8 1:)609 IH9!13 547 11 568 1.1 

I1 5J22 39959 L l2osi)l 112391 .loti7 13 

4s2G9O 443293 .Itit17113 497102 .lti:1557 

22271 5 2322 I 1 2 182 12 2 19628 252 190 

International Iron and Steel Institute. 



TABLE 1.D-7 

1983 L-D STEELMBKING CAPACITY 

U).TLD S T A M  
u*ghr*-sc.*CaD. 
Annco Inc. 

8.arrun s w  Cap. 

CFn Sled Corp. 
lnrnd sled Co. 

IrnrWu Inc. 
J o n r & L . u o w S W C a p .  

Grunm City. IL 
woiltmw 
wwm. On 
U. AL 
clm(.nd. on 
Butt&. NY 
Sarm Chugo.  IL 
D.ubom. MI 
F-I. PA 
Duqwmu. PA 
Fmrlimld. AL 
G w .  IN 

sourn c h m .  IL 
Lon~n. OH 
Br.ddock. PA 

Wh..(iwPinrburgh S t d  Corp. Mumuen. PA 
SI.uD.nnn8. On 

MOERIA 
S a m e  Natlorul d. Sasamrgr ECHadinr ( A n n a )  

A T A  
A h  n o w  Z.D.1a P.lp.h 
SIOINSA--SI~.~U~I~ In1.gr.d. Sar  8 . h ~  BIanu 
SOMISA-S~CI~~W M~xta S~dmrg la  

Arpmnna S ln  NicMaa 

AUSTRALIA 
Tho Broken Hill Proprtetary Co. Lla. N ~ a s l l e  

Pon Kembla 

AUSTRIA 
VOEST-ALPINE AG 

2 x  m 
2 x 1 m  
2 x 200 
3 x 310 
2 x 220 
2 x 2m 
3x300 
Z X  120 
2 x 255 LBE 
2 x 210 
2 1  87 
3 x 207 
2 x 210 
2 x Z m c a  
2x220 
5 x 110 

2x300  lo82 
2xPOLE.E 1970 
2 x 235 1987 
2 x 360 l H 7  
2x150  1866 
2x150  l W 5  
2 x 210 Ism 
2 ~ 1 %  1970 
2 x 2 2 5 ~ ~ 0 ~  1 9 n  
2 x 240 1984 
2 x  150 1974/112 
2 x 220 1063 
3 X 2 0 0 0 8 0 P  1976 
3 x 215 1065 
3 x 2 0 0 W  1973 
3x200  l96Q 
2 x 225 1971 
2 x 210 1972 
2x200  1064 
2 x 275 1866 

sum TW tors 
EQUIVAum YLT1*C Tom T OTAL 

3 x  85 Ism 1.200.000 
3 x  w l W 1  700.000 

TOTM 1.900.ooo 

2 x  25 OBM 1984 
2 x 350 1 803/84 

3x200  197Yl8 3.000.000 KMS 
TOTAL 3,000.000 4.100.000 

2 x 200 LBE 1962 2.OU).000 
2 x 270 LBE 1973 ) 5.900.000 
1 x 270 ) 
2 x 120 LBE 1985 1.300.000 

TOTAL 9.240.000 

3 x  50 1959168 1 .UM.000 
2 x  130 197376 1,650,000 
3~ 80 195374 1,100,000 

TOTAL 4.150.000 

Forges de Clabecq S A ltlre 
N V SIDMAR 

2 x  75 1964169 . 
Gent 

1.300.000 
2 r 285 

S A Cockerlll-Sambre 
1967 3.200.000 

Chenal 3 x 165 1963168 3.000.000 
Monllgntes-sur Sambre 3 x 175 1 969172 3.500.000 
Seralng 2 x 233 1965 

S A Uslnes Gustavq Bml 2.215.000 
La Louv~ere 

Thy Marctnelle 
3 1  85 1%7t71 2.000.000 

Marmnelie 3 r150OBM 1976 23M)MO 

'We~non Dlv~smn ts betng sold to employees 

- . - - - . - - - 
TOTAL 17.515.000 
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TABLE I. D-7 (Cont ' d )  

L.0 aask Oxye*n No. O( Furnun h 
st.* plant output p a  nomt ~ t a n  up 
lo eat la^ Molrlc Ton. Raw St.* 0.1. 

Annual Capacltv 
M.trlc Ton. Raw s1.* 
Llr t lng To 8.  Addad c -wl  

BRAZIL 
Aco Miner Geram S A 
Clmaal S~derurgla S A 
Companhm Acos 6wec1als ltablra 

Ouro Branco MG 
Barw de Cocals 
Acw~ta 

I984 
1979 
1972 
1979 
1957 
1985 
1977181 
1965 ) 

1977i78 ) 
1985 
1983 
1978 
1971 
1963/73 
1975 
TOTAL 

Jow Monlwade 

Companhla Slderurglca Nac~onal 
Companh~a Siderurglca Paullsta 

(COSIPA) 

Comwnhla S~derurglca Tubarao 
Mannemann S.A. 
Siderurglca 0ana Manaa S.A. 
Ustnsr S ieruqcas de MlnM 

Guam S.A. (USIMINAS) 

CarwlnWSorra ES 
Belo Horlzonr 
Barra Manaa 
Iwtlnga 

BULGARIA 
Krem~kovtu lron 6 Stwl Works Krem~kovtn (nr Soha) 3 x 100 1966 

TOTAL 

CANADA 
The Algoma S t d  Corp.. Ltd. Sault Sle. Marla. Ont. 3 x  95 195W64 

2x23(1 1973 
Hamlllon, Ont. 3 x 150 LBE-1 Ice 195U66 

1 x250 1978 
Harnllron. Ont. 3 x 127 LBE-I Ice 1971 
Nant~oke. Ont. 2 x 227 1980 

TOTAL 

t.313.000 
2.767.000 
2.800.000 
1 .000.000 
2,540,000 LBE-1 Ice 
1.4a.000 

11,860.000 

WFASCO Inc 

CHILE 
Cia. de Acero del Psc~t~co S.A. (CAP) 2 x 110 1976 

TOTAL 

CHINA 
Maanshan S l w l  
San.Ming lron 6 Steal 
Anyang Steal 
Chldong ( n e u  Tlsnsln) 
Llenyuan S led 
WuHan lron 6 S tw l  
Paotou sleet 
J~ayuguan Complex 
Nanking Steel 
LIU-Chow Munlclpal Foundry 
Canton Steel 
Anshan Steel 
Pench~ 
Capital Iron 6 Steel (Shoudu) 
Shanghal St001 Works 
Baoshan Steal 
Changchlh 
111-Yuan Steal Works 
Yen.T'a~ lron 6 Steal 
Hangzhou Steel 
Panchlhhua 
Kunmlng lron 6 Sleel 
Chlna Steel Corporation 

CI* ha(no 

Maanshan Ann- 
San Ming Fuklm 
Anyang Honan 
Chldong nopeh 
Llmyuan Hunan 
wu nan nupon 
Psotou Inner Mongoha 
J~ayuguan Kansu 
Nanklng K~angsu 
LIU Chow Kwangs~ 
Canton Kwangtung 
Anshan L~aonlng 
Penchl L~aontng 
Shlh-UIlngshan Peklng 
Shanghai Shanghal 
near Shangha~ Shanghal 
Changchln Shansl 
T ~ I  Yuan Shansl 
Yen-I'PI Shantung 
Hangznou Slnklang 
Panchlhnua Szecnwan 
Annlng Yunnan 
Kaohslung Ta~wan 

3 x  M 
2 x 15 
3 x 15 
large 
2 x  15 
3 x  50 
3 x  M 
large 
2 x 15 
3 x 15 
3 1  6 
2 x  lM 
2 x  120 
3 x  30 
3 x  30 
2 a 300 
3 a  6 
2 x  50 
1 a I S  
1 1  5 
3 a  120 
3 a  1 5 .  
3 a 1501160 

1981 
1978 
1970 

alter 1985 
1976 
1979 
1970185 

1971 
1977 
1970 
1970's 
1977 
1964170 
1966 
1985 
1979 
1968170 
1968 
1978 
1977 
1970 
1977181 
TOTAL 

COLUMBIA 
Paz del Rio 2 n 30 LWS 1980 

TOTAL 

"To replace exastong vessels 
"'May M s ~ d e  blown. 2.5 MT of s~de  blown production reported In 1981 
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TABLE I .D-7 (Cont'd) 

L.D Bask 0al0.n no. 04 FM#& cW=w 
S I d  P I M I  ou(An PI H-8 S W  Up Y . b ( o T a m - W  

CaP.9 Lowtlon Yetr(C Ton* I a r  S U  DsC Wathg Tom- 
CZECHOSLOVAKIA 
East Slovaklan Iron 6 Steel Works Koslce 3x150  1966180 3.000.000 

2 x  180 1974180 1.800.000 
Trinec Iron Works Tr~nec 2x180  1983 2.500.000 

TOTAL 4 . ~ . 0 ( #  2500.000 

EGYPT 
Egyptian Iron 6 S l w l  Co. HelwanICa~ro 3 x  70 1974179 1.200.000 

TOTAL ~.2OO,MW) 

FINLAND 
Ovako Oy Ab. Koverhar Lappohla 2 1  50 1971 550.000 
Rautaruukkl Oy Raahe 3 x  80 1967176 1.700.000 

TOTAL US0.000 

FRANCE 
Ac~enes el  Uslnes Metallurg~ques 

do Decuev~l le Decuev~l le 2 x  15 1969 1JO.000 
SACILOR - Ac~erlas e l  Lamlnolrs 

do Lorralne Gandrange 2 x 250 0LPllBE 1971182 3,400,000 
Soclete Metallurg~que de Normandlo Mondev~lle l x  65+ 1967 *00.000 

2 x 100 LBE 1977 1.200.000 
SOLUC - Sla. Lorralne do Larninage 

Continu Seremange 2 x 250 LWS 1978 3.000.000 
Soclete Nouvelle des Acler~es 

do Pompey Pompey 2 1  80 1984 6a0.000 
SOLMER - Soc~ete Lorralne st 

Meridionale de Lamlnage Continu Fos-sur.Mer 2 1310 LBE 1974 3.800.000 
USINOR - Unlon Siderurglqua du 

Nocd el do !'€st do la France Dunkerque 3 1  160 LBE 1962 3.5oo.oOO 
3 X 220 LEE 1972 4.500.000 

Longwy Rehon 3 x 80 OEM 1979 1,500.000 
Neuves Ma~son 2 ~ 1 2 5 O B M  1979 1.250.000 

Cie. Franca~se des Aoers 
SpeclauxlUs~ne das Dunes Dunkerque l x  65 1971 *00.000 

TOTAL 2WW,000 

GERMANY (EAST) 
VEB E~sanhullenkomb~nat Osl E~senhutlenstadt 2 x 225 19S4 
VEB Maxhutte 

2.200.000 
Unlerwetlenborn 4 x 20 OEK 1974 M0.000 

TOTAL 500.000 2300,000 

GERMANY (WEST) 
AG der Dllllnger Huettenwerke Dill~gen (Saar) 2 1 200 LBE 1968 
ARBED Saarslahl GmbH 

2,WO,000 
Votkllngen (Saar) 3 x 150 LBE 1980182 3.240.000 

HOeSCh Huettenwerke AG Dortmund.Hoerde 3 x  180 1 96353 4.200.000 
Kloackner Werke AG Bremen 2 x 280 1968 

Georgsmar~ennuette 
4.000.000 

Osnabrueck 1 x 125+ + KS 1981 
Max~m~ll~anshuette 

1.000.000 
Sulzbach-Rosenberg 3 x 60 KMS 1977 

K r u ~ p  Staht AG 
1.200.000 

Rhe~nhausen 2x300CB 1975 3.600.000 
2 x 115 1967 

Mannesmannroehren-Werke AG 
1.800.000 

Du~sburp-Huck~ngen 2 1 2 i Q + +  1966 
Stahtwarke Pe~ne.Salzg~tler AG 

3.600.000 
Pe~ne 3 1  90 1964 1.9*0.000 
Salzg~tter 3 x 210 1-77 5.160.000 

Thyssen AG Beeckerwerth 3x260 1 WU70 7,200,000 
Bruckhausen 2x380 1969 6.O(M.000 
Ruhrort 4 x  140 1966175 4.320.000 
Hatt~ngen 1 x 1 M +  + 1970 1,680.000 

TOTAL . Sl,MO,QX) 

Elets~s 4 x  M 1963170 1.000.000 
TOTAL 1.000.000 

GREECE 
Halyvourg~k~ Inc 

+ VesueI out Of Selvlce 
+ + Vesse4 exchange system 
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TABLE 1.D-7 (Cont 'd)  

NO. Fumrm & 
outprt pw neat 

y.1dc iw Raw S t d  
StaR Up 

Date 

Annu.( C.Oy1tv 
MetrIC Tons Raw Stod 

E~lsllng To 8. Addmd C o m M  
HUNGARY 
Danube WorkYDunal Vasmu 
Lenln Melallurg~cal Works 

1981 
1980 
TOTAL 

INDIA 
Steel Authorlty of lndla Ltd 

Bokaro Steel Plant Bokaro Steel City. Bihar 2.500.000 
1.500.000 

1.500.000 
1.600.000 

1.500.000 
1.500.000 

150.000 
1.200.000 OBM 

82.000 62.000 
7.032.000 4,582,000 

B h ~ l a ~  S tw l  Plant 
Rourkela S tw I  Plant 

Da~tar~ 
USSR Sponsored 
Maharashtra Eleklrosmelt Ltd. 
Tala lron 6 Steel Co. Ltd. 
Visvesvaraya lron 6 Stw l  Ltd. 

Bhllal. Madhya Pradesh 
Rourkela. Orlssa 
Orlssa 
Vlshakhaoatnam. Orlssa 
Chandnpur. Maharashtra 
Jamshedpur 
Bhadraval~. Karnataka 

1981 
1959167 
1985 
1985 
1979 
1983 
1969. 
TOTAL 

IRAN 
NatlOnal lranlan Steel Co Esfahan 1972 

TOTAL 

ITALY 
Acclalerle de Plomblno S.p.A. 
Italslder S.D.A. 

Piomblno 
Bagno11 
Taranto 

3 x  100 
3 x  150 
3 x 330 
3 x 350 
2 x 250 OBM 

1970181 
1964 
1964 
1973 
1980 
TOTAL 

JAPAN 
GOdo Stw l  Ltd. 
Kawasaki S tw I  Corporation 

Osaka 
Chlba 

2 x  41 
2 x 85 K-BOP 
3 x 150 LD.KG 
2 x 230 Q.BOP 
3 x 180 LD-KG 
3 x 254 
3, 80 
3 x 235 LD-OTB 
2 r  75 
3x180  
3x250  
2x300  
3x250  
1 R 150 
3 r  150 
2 x 320 LD-OB 
2 x 270 
2 x 110 
2 1  90 
2 x  100 
3 1  100 
3x160  
2 x 250 
3 x 170 
3 x 220 
2 x 300 
3 x 340 
2 1  75 
2 x  40 
3 x  90 
1 r 1 5 0 + i  
2 x  70 
3 r  70 
1 x 70 
3 x 160 
3 x  160 
3 x 250 
2 r 250 

1964 
1970 
1962165 
1977 
1967169 
1970173 
1961166 
1970173 
1975 
1966168 
1969171 
1970 
1976179 
1974 
1962170 
1979 
1977 
1961167 
1965 
1960165 
1968173 
1964167 
1969 
1965167 
1968169 
1971 
1972176 
I968 
1970 
1965 
1980 
1961 
7970176 
1968 
1963 
1967 
1971 
1974 
TOTAL 

528.000 
1.160.000 
4.020.000 
3.600.000 
4.630.000 
7.070.000 K-BOP 
2.m.000 
6.000.000 
1,300,000 
4.800.000 
7.200.000 
4.000.000 
6.000.000 
1.500.000 
4.300.000 
4 100.000 
2.m.000 
1.500.000 
1.400.000 
1.500.000 
2.700.000 
3.800.000 
3.200.000 
4 500.000 
5.900.000 
3.600.000 
8.200.000 

800.000 
360.000 

2.400.000 
2.600.000 

Shut down 1982 
1.945.000 

810.000 
3.642.000 
4.600.000 
6.400.000 
3.750.000 

128.715.000 

Kob. S tw l  Ltd. Kobe 
Kakogawa 
Funamach~ 
Fukuyama No. 1 

Fukuyama No. 2 
Fukuyama No. 3 
Ke~hln 
Yawata NO. i 
Yawata NO 2 
Yawata No. 3 
Muroran No. 1 

Muroran No 2 
Kamalsh~ 
Hlrohata NO. i 
Hlrohata NO. 2 
Nagoya No. 1 
Nagoya No. 2 
Sakal 
Kimltsu No. 1 

Klmltsu NO. 2 
Olta 
NagoVa 
Shunan 
Kure 

Nakayama StWI Works Ltd. 
Nippon Kokan K K. 

Nlpwn Steel Corwrallon 

Toka~ Specla1 Sleel Co . Lld 
N~ssnon Steel CO.. ~ t d .  

Sum~tomo Metal lndustrles Lid. Kokura NO 1 

Kokura No 2 
Wakayama No 1 
Wakayama NO 2 
Wakayama NO. 3 
Kashlma No. 1 

Kashlma NO. 2 

+ + vw exchange system 



TABLE I. D-7 (Cont ' d) 

L O  Wc OIWml 
~~ - La8mom 

KOREA 
Pohang Iron 6 S t d  Company Ltd. Pohang 

LUXEMBOURG 
ARBED S.A 

(All plants use LD-AC) 
Dudelange 
Esch-Schllflange 

MAUVSIA 
Malayawata Stwl Berhad Pra~lPenang 

MEXICO 
Altos Hornos de Mexlco S.A (AHMSAI Monclova. Coah 

Funddora Monlerrey S A Monterrey. N L. 
S i u r g c a  w a r 0  Cardenas 

Lra Truchas. S.A. (SICARTSA) Lazar0 Cardenas. M~ch 

m z r r u ~ o  . 
Now ZW.nd S t d  lhvD.ve(opnmt Ltd. Glonbroolr. S.Auckwnd . 
-RIA 
M.okuta Stad Maokuta. Kwara 

NORWAV 
U S  NOnk Jernvwk Mo I Rana 

PAKISTAN 
PaklStan S l n l  Mtlls Corp. Lid 81n Oaum. K a r u h ~  

PARAGUAY 
Ac.p.r.Acero del Paraguay SA VIII~ Hayes 

PERU 
Empress Stderurglca del Peru 

(SIDERPERU) Ch~mbote 

POUND 
Kombtnat nuta Im Lenlna Krakow 
Kornolnal Melalurglczny Hula Katowlce Dabrowa Gornlcza 

PORTUGAL 
S~derurgta Naclonal. E.P 

ROMANIA 
Comb~nalul S#derurglc Galat1 Galat~ 

Comb~natul Snderurglc Calarast Calarast 

3 x  100 1973i76 
3 x 300 1978181 

TOTAL 

1 x 77 + + LBE 1962 
l x  8 0 + +  LBE 1976 
1 x 80 + + LBE 1978 
2 x 1 5 0  LBE 1976 
I x 160 + + LBE 1973 

TOTAL 

2 x  15 1967 
TOTAL 

2 x 125 1976 
TOTAL 

2 r 105 1985 
TOTAL 

3 x 1 0 0  19YY61 
3 X 300 1968176 

TOTAL 

1 x 65+ + OBM 1984 
TOTAL 

2 x  130 l W 8 5  
TOTAL 

Z X  72 1976 
TOTAL 

2x150  1982 
TOTAL 

2X 15 1984 
TOTAL 

2 x  30 1967 
TOTAL 

2 x 45 LBE 1961 
2 x  120LBE 1% 

TOTAL 

3 x 1 5 0  1968169 
3x150  1975 
3 1  150 1980181 
3 x 1 5 0  1984185 
3 x 250 aner 1985 

TOTAL 

310.000 LBE 
310.000 

+ +Vessel excnange system 
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TABLE 1.D-7 (Conttd) 

LO 0- 
1- C(m 

Cenpr* Lou(lon 

SOUTH AFRtCA 
H~ghveM S t d  6 Vanad~um Corp. Ltd. Wltbank 
ISCOR Llrn~ted Newcastle 

vanderb~jlpork 

) ( e . h m r a  hnwl C.gr(* 
OU(pr(p.)*.( Sfan Up Y.m Tam R n  St..( 

Y(r(oTamR.rsa( On. Edalng Tab- 

3 1  SO 19-8 W0.000 
3~ 150 1974175 2.800.000 
3 1  150 197U75 3.300.000 

TOTAL 7.OOO.000 

SPAIN 
Altm Hornos de V~zcaya. S.A. Sestao 
Altos HOlKn del Mediterranw. S.A Sagunto 
Empreaa Nu10n.l Sierurg~ca. S.A. ~v l l es  

(ENSIOESA) 

3 x  70 1967169 1 .uW].000 
3 x  45 1 %9n8 1.000.ooO 
3 %  70 1968 1.500.000 
2 x  100 1969 1 ,200,000 
2 x  2W) 1988187 2.5GQ.MK) 
3 x 115 1971 2.500.000 

1 OTAL 7.600.000 2500.000 

SWEDEN 
Svmdt  S1.l AB 1 X 18LYlBO+ +LBE 1977 1.000.000 

2 x 105 1972175 1.800.000 LBE 
TOTAL 2,600.000 

NI*(fl 
Em# h i r  ur Cdik F.bnk.lui 

T.A.S. (Erdomir) 
I.lurdrun Dmnir va Cdlk I- 

( h d m w )  2 x 1 3 0  1977lo 1 .000.000 
1 x 130 l W 8 5  1.200.000 

TOTAL 2.~0.000 1 . 2 0 0 . ~  

App(.by Frodlnghun 
Lackenby (S. Taasalde) 
LIanwun 
Pwr T a m  
R m a c r a q .  Momen*.H 

3 x 3 0 0  1973 3.800.000 BAP 
3 x 2 8 1  1971i78 3.500.000 
3 x 175 1962174 2.8C0.000 
2 x 3 3 0  1989 2.W0.000 
3 x 1 3 0  1 W 8  2.800.000 

TOTAL lS.)QQ.QOQ 

USSR 
Mu. Zlvod lmml Pe tmvskq  
M.(. h v o d  Krivcmzhst.l 

3 x  50 
4 x  50 
S x  150 

3 x 1 3 5  
3 1  150 

large OBM 
2 x 4 0 0  
2 x 4 0 0  
3 1  160 
3 x 300 
3 x 3 5 0  
3 1  160 
3 x  130 
3 x 130/250 
3 x 350 

1956 
1957158 
196Y71 
plannlng 
1 W 6 9  
1-65 
plannlng 
1 s n  
1979 
1983167 
1974180 
planntng 
1983167 
1969 
1%9/TI 
1973177 
plannlng 
long term plan 
1 970172 

Yen.rly.vskly Ma. a v o d  
Zhd-ky MM Zavod I l w h  
Dnegrodrakmskly 
Azwstal Zavod 
Chnsgcvotsky MM. hvod 
Nowl~ps(skly Met. Zavod 

Magn~tcgorsky Mm. Komblnal 
NQvDTag~lak~y MU. Zavod 
Chayablnskly Mat. Zavod 
Waa Slbman S t d  Works (Zapub) 

E a n m  Sibenan Works 
Kuagandtnskly MM. Zavod 

Svobodnly (E. S~bena) 
Tem~r-Tau (-1 

(nr Karaganda) 
TOTAL  ZOO.^ 26.W0.000 



Y U O O 9 U V U  
Maalunkl Kornblnal Smsderevo 

MsWumkl Komtnnal RMK 
Rudnm I Zdezarnaa Skople RZS 
Zelpzua S~sak 

rmeurm 
ZimMbwa Iron 6 Steel Co Lld 

TABLE 1.D-7 (Cont'd) 

m. F W ~ W ~  A- CWIUW 
ouguaw- sun up Y.MC Ton8 Raw sir( 

Ymc l a  Raw S a d  Due Ed.tlng l o  mm M d d  

Srnsderevo 
Zen~ca 
Skopje 
Slsak 

2 x 1 5 0  aHer1990 
TOTAL 

3 x 1 0 0  1975180 1.650.000 
2 r 110 19751. 1.100.000 1,100.000 
2 x 110 LDAC 1967 7M).000 
2 x 1 0 0  anerr985 1 . l ~ 1 . m  

TOTAL 3.450.000 2.200.000 

21 55 1969174 1 .000.000 
TOTAL 1 .OQ0.O00 

WOmO TOTAL 540,767,000 74327,OQ) 

Source: I r o n  and S t e e l  Engineer,  Aug. 1983. 



TABLE 1.D-8 

DIRECT-REDUCED IRON OPERATIONS 

(as of Parch 1983) 

Prhcess  - Cachc: :: 
Ctnr! -ur  Coni.~?.\. Locar i c n  Nc. of Cr::: YL.-: F , L ~ .  r r.p: ' , . - .  -- 
l e c 7  By1 S J  Yc:terre?. Yehico By i Gn.c 5 L 
196; R T  ! sa Yoa:erre). Yer;:o HyL-I '. 1 GL: --. 
:g;.r 

... 
T e z t v  Ter r  C r c .  Y. \ l c o  BI : Ga - ..-. --. - 

I%+ 05): Por: l and .  Oregoc. U S A  Yldrrx-z u z l t s  G,: 5 ;. . 
H! . s n  h e :  i s .  Mexico AyL G h -  3: 5 

1973  Tb\.sscr. Ot.rrr.a.;sen, V .  German?. SL !RS C L ~ :  ... 
IiZS Glen"root .  Me* Zeaiand SLILS Csr: I€ :  

1973 GT' G e c r ~ r t o r n .  S. Ca ro? ina .  USA Y>:res Car 4C 
HSl Eamc.;ri. W. Gemzr;  Yidrex Ga 5 4 :,'-' 

1972 Ancco B o u ~ r o r ,  Texas .  USA Amc? Gn: 3::- 
1973 AKl R l a s a r a  F a l l s .  Car.ada Aczar Grh. Co;i 3 , '  

Sldl*..c C o n t r e c o e u r ,  Canada Y 1  drex Ga' 40: 
D i l r ~ a z r t  Benoni.  South  A f r i c a  Cod; r .. C.5; ; A - .  , = -  
P i r a t  l c i  CDarquedas. B r u l l  SL: P-5 Coa : 6' 
I- Y B u t t r i o .  I t a l y  h i n g l o r  MeZor Cck 1 - -. q 0  

1974 Gsiba Bahla .  B r a z i l  HyL Gn: 2 5 ~ ~  
Hylsa Monterrey.  Mexico E>-L-I: I Ga.. 5L.C 

1975 Ste1r.o Red Lake. Canada SL Iff: Cc;: 35: - 
1976 SYC Fa lconSrxdgr ,  Canada Accar Ga+ lo:; 24c .e  

A r r e d l  Cremona. I t a l y  Kinp!or Meror C ? a !  4 ,- . 
F i o r  de Venezuela M a t a ~ z s s .  Venezuela F:GR Gas 3  5 
Dalmioe C m ) a m .  A r g e r t i n a  Y~Crex  Gas i?: 
Sxdor Yatanzas .  Venezur la  Hyi Gas 361 

1977 S i d o r  h t a n z a s .  Venezuela  Y l d r r x  Gas 355 
Cos igua  S a n t t  Cruz. B n z i l  P u r o i e r  011 350C 
RSC B i r o h a t a .  J apan  NSC Xerossne 15Pe 
Hylsa  Pueb la .  Mexico H?L Gas 6: 5 
Szdbec Con t recoeur .  Canada Yidrex GP c 603 
RISCO Ahraz. 1r.o Puro fe r  Gas 32?* 

1978 DRC Rcckrood, Tennessee .  USA DRC Co;! 66. 
cWX3 Omu S a i d ,  Q a t a r  Yidrex Gas 40,: 
ACIh34R V i l l a  C o n s t ~ t u c i o n ,  

Argentina Yidzex Gac 4 2 2  
K r z k a t u  I o r r  Baja .  Indones i a  ~ Y L  Gas CT5 

1979 61dor Yatnn=as, Venezuela Midre:-? u c r t s  Gas 1x5 
Coveramenr I h o r  Al-Zubair.  Iraw BgL-2 ue1;s Gar ra5-  
B r i t ? s h  S t e e l  Corn. Hun te r s ton ,  M Yidrex-2 u n i t s  Gas 603- 

1980 K r r t a t a u  I o t a  B a j a ,  Indones i a  RsL Gas : 7 5  
S l d c r  Ya:anzas. Venezue l i  EyL-3 u n i t s  Gas 2113 
ISCOTT . P o i n t  Llnas.:  T r i n i d a d  MIL-ex Gas 420 
I i d e r p e r u  Chimbote. Pe ru  SLlWI-3 m l t a  Coa l 100 
811L hloochr. India S L I U  13x1 SO 

U.1 R . M o t s .  IW.. P l m  PulBB1ICrs.l  YO 
W d f  .rra W t a .  W. -xy' Ildrrr-1 maltm G.8 6800 
Cover-nt h d r l a y .  m K i n c l o r  k t o r  Coa 1 20 

lS82 ISCUR h i a t  L l n s .  M n i d d  m d r 8 x  -8 4 2 C  
D e l t a  S t e e l  hrri .  l i g f f l a  Udrmx-2 -it* Gas 1:OO 
R ADLED A 1  J w W l .  &dl -18 Udr*x- l  m a i t s  G.6 BOO 
OSIL Keoajhar .  India  &ca r  Coal  /Ol l 15u 
K r a k a t  mu I o t a  Bfija. Indonesia B y 6 2  u n i t s  Gas 1159 

1983 Scar  M e t a l s  G e m i s t o o .  South Afr ica  DRC Coa : 75 
81 IL  Paloncha. India  SLiRN Coal  30 

1984 S l c a r t s a  , L u  Truchro. Mexico ByL 111-4 u n i t s  Gas 2000 
On% I o r s k .  USSR Y;drex-4 u n l t s  Gas 16Ei  
ILS P r o j e c t  Y i su ra t a .  Libya . .Yidrrx-2 un iza  Gas llOC 
G o r e r m m t  Lhor Ai-Zubair. 1r.q HyL-2 u n i t s  Gas IOC; 
BaSah Gas I n d u s f r i e s  Labuan lslamd. YalarSia YiCrex Gas 653 
XISCO A h r u .  1r.n Yldrex-3 u n i t s  Gas lZC0 
NISCO Ahra:. I r a n  HyL-3 u o i t s  Gas 1000 
lSCOR I . n d c r b i j l p a r k .  W t b  

A f r l c a  SL:F.T-4 u n i t 6  Coal 400 
1985 Government T r e n ~ p a n u .  Nalara ia  RSC Gas 600 

Union S t e e l  Vereenlging. &nth  Afr l ca  Plasma Coal 25C 
1986 I p l r a r a  S p o n ~ e  I r o n  

L td .  J o b .  X d l a  T i m 0  Coa 1 (PO 

...t dowm. 

Source: Iron and Steelmaking, July 1983 
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NUYLIYW OF 
YAXlYUY EXPOIITS AS EYIJU)YEES TONS PER 

h.AXh COYI'ANY 1Q)UNTIIY OUTPUT. YT* CAI'ACITY. YT* : OF SHIPMENTS (STEELMAKING) EYPWYEE 

!i r  on S t ,  v i  1 .lawn 218.85 51.51 36.0 64.100 418.9 
I t , > .  SLt . ,  I ,USA 13:) I 28.41 1.0 49,095 273.7 
RrjLr-h S11.a I I U K  0 1 9 .  0 81.190 151i.6 

4 F:n~ldrr/lLal\ 12.16 21.40 33.0 94, i 00 119.3 
5 * i l l > i ~ , n  tiuh.-~h/~~unlf;ll 21.03 33.0 25.337 450.4 
G Kdr*aukl SLcul/Jauun 10.38 10.78 37.3 28.524 363.1 
7 Sumt t o m u  Yrru l 

I r ~ ~ l b - ~ r ~ a ~ ~ ~ ~ t  .an IO.:IJ 21.6H 38.1 28.784 359.2 
~ i < . l ~ . l ~ r n _ ~ t  *%USA 0.70 19.64 2.0 35.052 276.7 
?rdcrLru.:,/Rruzl l 8. 10 

10 'Thyartrn Slahl ( ? 2 ) /  
h.., I (re ~ P U I I  8.81 YO. U3 1 6 , 6 3 8  177.5 

1 1  USl~W1Fran:e 8.50 11.40 NIA 30.963 212.7 
1 a Pohuny Iron L Staell 

Sourn Korru 8.44 9.10 30.0 12.241 689.3 
13 Jones k Laugblin/LTVI 

USA 6.99 11.80 29.000 240.9 
I 4  SucrlorlFrunce 6.08 48.7 67.500 103.3 
15 SAlLllndlu 6.10 
Id Kobe Steal l J ~ p ~ n  6.02 8.66 23.7 13.069 463.6 
7 lnlrnd StorlIUSA 5.72 9.30 20.500 278.1 

Rrpubllc SteellWA 5.70 
9 Broken H i l l  Pty./ 

Auhtrulia 5.60 7.62 28.2 30.836 161.6 
20 Armco, USA 5.43 7.90 1.3 21.586 251.5 
2 1 1acorlSouth Africa 5.41 5.80 35.0 43.615 
22 

124.0 
tirLlonal SteeIIUSA 4.81 

23 Cockerill Subre1 
Br.lu~um 4.72 62.0 . 19.889 237.4 

34 Klockaer-lerkel 
I. G r m n y  4.40 

5 SLelco/Canrda 4.33 23.0 18.518 
26 

222.0 
tlooyovens Grocp.1 
Netherlands 4.28 7.20 67.4 17.850 

27 Hoelcb lcrkell. Germany 3.93 34.0 
8 

35.300 
liru~p Stahlll. Germany 3.90 

111.3- 
27.0 29,075 

29 
134.3 

Vurst-Al~~nrlAuntria 3.80 . :  61 .O 18.500 
30 

205.4 
ENSIDESAISprln 3.80 6.00 38.0 22.356 

. 31 Slderu?x/Ycx~co 3.77 5.70 22.0 39.098 96.6 
170.0 

2 Cbiaa SteellTairm 3.41 3-25 33.0 7.554 
33 

451.6 
DolabcolCanads 3.36 12.600 266.7 

34 Art~.~dlLuxc~hourg 3.20 4.60 96.0 
3 5 

13,500 
Salzyrtterl 1. Germany 3.12 

237.0 

36 
7.10 39.1 14.132 220.9 

Yrnncluannll. Cervny 3.10 
COSIPAlBrrzil 3.02 3.16 45.0 14.096 

38 CSNlBrnr~l 2.86 NlA 49.0 
214.1 

21.863 131.0 
39 N.V. SidmarlBelgiur 2.81 3.50 92.0 6,306 146.1 
10 USIYINAS/Brui) 2.69 3.50 22.0 
4  1 SvcnakL StrlISredcn 12.994 207.0 

2.60 3.10 38.0 
42 

9,900 
W~rchin SterltJnpsn 

262.6 
2.59 5.48 25.3 8,965 288.3 

Arbed Saarmtshl/l. 
C, rmny 2.40 3.70 16.230 

4 4 
41.0 

SIWHlVant-zuela 147.6 
1 - 1 6  4.80 4a.o 

4 5  ALtfuulCrnsda 5 44-r 
2.09 

45 lbrellng-P1ttrbur.b 
StrulIUSA a.oa 4.00 0.0 7.512 268.9 

47 Tat. lrocl I,  Bteall 
lndlu 1.93 2.12 

48 
84.757 

Rrutrruukkl Oy/finland 1.83 
29. Y 

46.0 5.560 
4s Altos Hornos da 293.5 

VIrca~ulSps~n 1.38 1.35 30.0 8.880 139.4 
R, WucorIUSA 1.16 1.70 

Source:  I r o n  Age, A p r i l  16,  1984 



- TABLE I.D-10 

APPA~ENT -P-kR CAFITA CRUDE STEEL CONSUMPTION 

I N  SELECTED COUNTRIES, 1938, 1960, AND 1980 

4 

il.l 
JAPAN 

600, 

500, USA 

400, 

5 
c7 
SL 

1940 1960 1980 

Source of d a t a :  Economic Commission f o r  Europe, "The S t e e l  Market i n  1982". 
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11. 

ALUMINUM 





1I.A Data Sheet  

I I . A . l  General  

Aluminum is  produced from b a u x i t e ,  t h e  n a t u r a l  o r e ,  i n  two d i s t i n c t  

s t a g e s .  The f i r s t  s t a g e  from b a u x i t e  y i e l d s  alumina (aluminum hydrated o x i d e ) ,  

i n  t h e  so-cal led  alumina p l a n t s  u s i n g  t h e  Bayer process .  Alumina i s  t h e  raw 

m a t e r i a l  which is smelted(Hal1-Heroult p r o c e s s ) i n  t h e  second s t a g e  t o  produce 

aluminum i n g o t s ,  i n  t h e  aluminum p l a n t s .  The i n g o t s  a r e  then  transformed 

i n t o  m i l l  and f i n i s h e d  p roduc t s  by r o l l i n g ,  e x t r u s i o n ,  and c a s t i n g .  

Bauxi te  may be shipped a f t e r  l i m i t e d  b e n e f i c a t i o n  p rocess ing  t o  

remove unwanted c l a y s ,  s i l i c a s  and o t h e r  l o o s e  was tes ,  o r  a s  alumina. The 

Bayer p rocess  y i e l d s  l a r g e  volumes of waste  - red muds - which a r e  unusable  

f o r  a g r i c u l t u r a l  purposes  and have t o  be disposed o f .  V a r i a t i o n s  on t h e  b a s i c  

Bayer p rocess  a r e  v i r t u a l l y  u n i v e r s a l  a l though  t h e  Pederson p rocess ,  which was 

developed t o  p r o c e s s  h i g h  i r o n  c o n t e n t  o r e s  and i s  energy i n t e n s i v e  i n  o p e r a t i o n ,  

h a s  been used i n  Norway, Sweden and t h e  USSR. 

The Hall-Heroult  e l e c t r o l y t i c  smel t ing  p rocess  is  energy- in tens ive  

(13-17,000 kwh p e r  tonne of aluminum produced a r e  r e q u i r e d ) ,  and t h i s  i s  t h e  

reason  f o r  t h e  r e c e n t  t r e n d  of b u i l d i n g  aluminum s m e l t e r s  i n  developing 

c o u n t r i e s  w i t h  abundant energy r e s o u r c e s ,  away from t h e  major markets of North 

America, Europe and Japan. Alumina p l a n t s  tend t o  be l o c a t e d  i n  t h e  v i c i n i t y  

of b a u x i t e  mines t o  reduce t r a n s p o r t a t i o n  c o s t s  which may be  up t o  50% of in -  

p l a n t  b a u x i t e  c o s t .  

The p roduc t ion  of secondary aluminum from s c r a p  needs  on ly  5-6% of 

t h e  energy requ i red  f o r  t h e  p roduc t ion  of primary aluminum, and t h e  l o c a t i o n  of 

such p l a n t s  i s  determined by t h e  a v a i l a b i l i t y  of s c r a p  and proximity  t o  markets.  



The p r i n c i p a l  environmental  concerns  i n c l u d e  t h e  d i s p o s a l  o f  r e d  

muds, d u s t ,  and t h e  f l u o r i d e s  conta ined i n  t h e  gaseous and l i q u i d  emiss ions  

of alumina p l a n t s  and smel te r s .  Modern environmental  p r o t e c t i o n  methods can 

b e  up t o  99% e f f e c t i v e .  

Bauxi te  and alumina a r e  shipped i n  bu lk  c a r r i e r s ,  t y p i c a l l y  of up 

t o  40,000 dwt but  a l s o  up t o  panamax, p a r t i c u l a r l y  f o r  b a u x i t e  and f o r  alumina 

der ived  from h igh  ou tpu t  sources  such a s  t h o s e  i n  A u s t r a l i a .  The shipment 

c h a r a c t e r i s t i c s  of aluminum raw m a t e r i a l s  a r e :  

Bauxi te  

bu lk  d e n s i t y  1.03 t o  1.38 t / c u .  m. 

s h i p  s i z e  t y p i c a l l y  t o  40,000 - 80,000 dwt 

load ing  r a t e  up t o  4,000 t / h  

d i s c h .  r a t e  up t o  1,500 t / h  

Alumina 

bu lk  d e n s i t y  0.88 t1cu.m. 

s h i p  s i z e  t y p i c a l l y  up t o  40,000 dwt bu t  a l s o  panamax 

load ing  rate 500 - 1,000 t/h 

disch .  r a t e  400 - 1,000 t / h  

II.A.2 P l a n t  Requirements 

To produce 1 ton  of aluminum from 1.95 t of alumina between 3.6 and 

5.9 t of b a u x i t e  a r e  requ i red .  The fol lowing a r e  t y p i c a l l y  r e q u i r e d  f o r  such 

product ion depending on source  rock. 



Alumina Pr oduc t i o n  ( 1.95  t ) 

Bauxi te  
Lime ( CaO) 
C a u s t i c  (NaOH) 
Steam 
S t a r c h  
Fue l  O i l  ( f o r  c a l c i n a t i o n )  
Energy 
Labour 
P l a n t  s i z e  

of which b a u x i t e  s t o r a g e  

of which red  mud d i s p o s a l  

AJ.uminum Produc t ion  
( i n c l u d i n g  c a s t i n g )  

Alumina from above 
C r y o l i t e  
Aluminum F l u o r i d e  
Calcium F l u o r i t e  
Energy 

Alumina r educ t i o n  
Petroleum coke (700-950 l b s )  
P i t c h  (280-300 I b s )  
A n t h r a c i t e  c o a l  (40-80 l b s )  
Anode and cathode baking 
Holding Furnace,  mel t ing  and 

c a s t i n g  
Labour 
Area r e q u i r e d  

1.95  t 
10 - 70 l b s  
25 - 60 l b s  
4 - 8 I b s  

45 - 60 M BTU 
9 - 1 2  M BTU 
3 - 4 M BTU 
0 . 5  - 1 M BTU 
0 . 1  - 5.5 M BTU 

5.2 - 7 . 8  M BTU 
0.013 - 0.004 men (80-250 t /man/yr)  
6 s q  m 

Minimum economical s i z e  f o r  an aluminum smel te r  i s  about 150,000 tpy ,  

w h i l e  f o r  alumina p l a n t s  i s  i n  t h e  range of 2-3 m i l l i o n  tpy.  



11. B Aluminum I n d u s t r y  D e s c r i p t i o n  

The fo l lowing  s e c t i o n s  wil l  b r i e f l y  review t h e  b a s i c  p r o c e s s e s  

and technology u t i l i z e d  by modern aluminum p l a n t s .  The m a t e r i a l  f lows and 

t h e  power, a r e a ,  l a b o r ,  and sh ipp ing  requirements  w i l l  be p resen ted .  The 

environmental  impact of aluminum manufacture w i l l  be a l s o  s h o r t l y  d i scussed .  

I I . B . l  Aluminum Manufacturing Processes  

Aluminum metal is n o t  e x t r a c t e d  d i r e c t l y  from i t s  o r e  ( b a u x i t e ) .  

I n s t e a d ,  a s e p a r a t e  manufacturing s t e p  is  r e q u i r e d  i n  which t h e  b a u x i t e ' s  

aluminum compounds a r e  s e p a r a t e d  from o t h e r  minera l  c o n s t i t u e n t s  and con- 

v e r t e d  i n t o  aluminum ox ide  (alumina). The meta l  is subsequent ly  e x t r a c t e d  

(smelted) from alumina by e l e c t r o c h e m i c a l  p rocess ing  ( e l e c t r o l y s i s ) ,  c a s t  

i n t o  i n g o t s ,  and f i n a l l y  f a b r i c a t e d  i n t o  m i l l  products .  A schemat ic  o u t l i n e  

of t h e  e n t i r e  p rocess  is given i n  F igure  1I .B-1 .  

11. B . l . l  Bauxi te  

The term "bauxite",  named a f t e r  Lex Baux a medieval town i n  Southern 

France where it  was f i r s t  found, r e f e r s  t o  o r e s  c o n t a i n i n g  s i g n i f i c a n t  

q u a n t i t i e s  of aluminum hydra te  o r  hydroxide minera l s .  Bauxi te  is  formed 

by t r o p i c a l  weather ing ( l each ing)  of v a r i o u s  p a r e n t  m i n e r a l s ,  and is  t h e  

most p l e n t i f u l  o r e  on t h i s  p l a n e t ,  w i t h  r e s e r v e s  f a r  i n  excess  of demand. 

Known b a u x i t e  r e s e r v e s  cover p r e s e n t  annual  requirements  over  250 t i m e s ,  and 

today,  no major aluminum company i s  c a r r y i n g  ou t  l a r g e  programs t o  f i n d  new 

d e p o s i t s .  Before t h e  r e c e n t  r e c e s s i o n ,  a f f e c t i n g  bo th  p roduc t ion  ( 88 m i l l i o n  

s h o r t  tons  i n  1982) and p r i c e s ,  over twenty c o u n t r i e s  produced 100 m i l l i o n  

s h o r t  tons  pe r  year  of which over  h a l f  was produced by A u s t r a l i a ,  Guinea, 



BAUXITE - 

ALUMINA 

C a u s t i c  Soda . . 1 

E l e c t r i c a l  
Energy 

P e t r o l e u m  
Coke - E l e c t r o d e s  

+ 

P i t c h  

C r y o l i t e  - E l e c t r o l y t e  

F l u r o s p a r  ' 

'I 
ALUMINUM 
INGOTS - 

FIGURE 11. B-1 

SCHEMATIC OVERVIEW OF ALUMINUM WFACTURING PROCESS 

Source :  S t a f f .  



Jamaica and Braz i l  ( r e f e r  t o  Table 1I.D-1). 

Bauxites a r e  charac te r ized  by t h e  types of impur i t i e s  p resen t  and 

by t h e  predominant form of aluminum hydra te  mineral.  The types of bauxi te  

used f o r  alumina a re :  (a )  t r i h y d r a t e ,  cons i s t i ng  c h i e f l y  of g i b b s i t e ,  

A120g . 3H20;  (b)monohydrate, cons i s t i ng  c h i e f l y  of boehmite, A1203 . H20; 
and (c) mixed bauxi te ,  cons i s t i ng  of both g i b b s i t e  and boehmite. These 

bauxi te  types  r e q u i r e  c r i t i c a l l y  d i f f e r e n t  d iges t i on  condi t ions  during alumina 

production. Therefore,  most of alumina p l a n t s  have been designed t o  consume 

a s p e c i f i c  type  of bauxi te  and c o s t l y  adjustments a r e  required when the  type 

of bauxi te  is  changed. 

Wide v a r i a t i o n s  occur i n  t h e  l oca t ion ,  s i z e ,  shape and depth of t h e  

depos i t s .  Most of them allow open-pit mining, while  o t h e r s  required under- 

ground mining. Most of t h e  bauxi tes  do not  r equ i r e  c o s t l y  bene f i c i a t i on  

techniques t o  improve o r e  q u a l i t i e s .  Many bauxi tes ,  however, a r e  upgraded 

by crushing,  screening and washing t o  remove c l ay ,  s i l i c a  and o the r  loose  

w a s t e  mater ia l .  Af te r  t he se  bene f i c i a t i on  s t eps ,  t h e  bauxi te  is d r i ed  i n  

k i l n s  and t r ans fe r r ed  t o  a  nearby alumina p l a n t  o r  loaded i n  t rucks ,  covered 

hopper c a r s ,  barges ,  o r  bulk cargo c a r r i e r s  f o r  shipment t o  more d i s t a n t  

r e f i n i n g  p l an t s .  Most commercial alumina r e f i n e r i e s  use bauxi te  with an 

alumina conten t  of 40% minimum. 

The l e v e l  of s i l i c a  impurity w i l l  determine t h e  quan t i t y  of bauxi te  

t o  produce a  ton of alumina. This can range between 2 : l  t o  3 : l  and t y p i c a l l y  

would be 2.37:l. 



Current ly,  t he re  a r e  no s u b s t i t u t e s  f o r  bauxi te  i n  alumina 

r e f i n i n g  on a  commercial base, except f o r  t he  Kola Nepheline used in t h e  

USSR,which accounts f o r  l e s s  than 2% of world alumina output .  Aluminum 

companies, however, have been engaged heavi ly i n  developments of s u b s t i t u t e s  

f o r  bauxi te  such a s  l a t e r i t e s ,  c lays ,  ano r thos i t e s ,  nephel ine,  syen i t e ,  

dawsonite, and a lun i t e .  Actual s u b s t i t u t i o n  depends not  only on purely 

technological  developments but  a l s o  on i n t e r n a t i o n a l  economic condit ions.  

The p r inc ipa l  commercial depos i t s  of bauxi te  a r e  located a t  considerable  

d i s t ance  from the  main i n d u s t r i a l  cen te r s  of North America, Europe and 

Japan. A s  long a s  processing of non-bauxite raw ma te r i a l s  remains 

economically i n f e a s i b l e ,  dependence of i n d u s t r i a l i z e d  coun t r i e s  on imported 

bauxi te  and/or alumina w i l l  cont inue t o - b e  high. 

About 85% of bauxi te  mined is  used f o r  t he  production of aluminum and 

15% f o r  o the r  purposes. S ix ty  percent  of the  bauxi te  used i n  o ther  than 

aluminum i n d u s t r i e s  is  consumed i n  var ious  chemical app l i ca t ions  and 40% i n  

cement, r e f r a c t o r i e s  and abras ives  production. 

11. B.1.2 Alumina Refining 

P r a c t i c a l l y  a l l  t he  world's alumina production is s t i l l  made by the  

Bayer process  and i t s  va r i a t i ons .  The only o ther  process used on a  commercial 

s c a l e  is t h e  Pedersen process ,  used i n  Norway, Sweden and the  USSR. This 

l a t t e r  process ,  which was developed f o r  use with bauxi tes  containing a  

high proport ion of i ron ,  smelts  t he  o re  with l imestone and coke i n  an e l e c t r i c  

furnace and the  i ron  compounds a r e  drawn o f f  a s  p ig  i ron.  The s l a g  i s  

pulverized and t r ea t ed  with soda so lu t ion  t o  produce sodium aluminate. It 



is a  v e r s a t i l e  p r o c e s s  but  u s e s  energy i n t e n s i v e l y .  Th is  is  economical i n  

Norway where t h e r e  is ample hydro-power a v a i l a b l e .  Because of t h e  i r o n  

o u t p u t ,  t h e  p r o c e s s  may have a p p l i c a t i o n  elsewhere.  Other methods have been 

a p p l i e d  on ly  in p i l o t - s c a l e  p l a n t s .  The Bayer p rocess  i n v o l v e s  t h e  fo l lowing  

sequence of primary o p e r a t i o n s :  

(1) d i s s o l u t i o n  ( d i g e s t i o n )  o f  t h e  ground b a u x i t e  aluminum 

hydroxides  i n  a high-temperature c a u s t i c  soda s o l u t i o n ,  under 

h i g h  p r e s s u r e ,  t o  form sodium aluminate .  

(2)  s e p a r a t i o n  of t h e  s o l u b l e  aluminum hydroxide and c a u s t i c  

soda from t h e  i n s o l u b l e  b a u x i t e  i m p u r i t i e s  ( red  muds). 

(3) p r e c i p i t a t i o n  o f  aluminum t r i h y d r o x i d e  a t  lower temperatures .  

(4)  e v a p o r a t i v e  regeneration of t h e  c a u s t i c  s o l u t i o n  f o r  r e c y c l e  

t o  s t e p  (1).  

(5) convers ion of t h e  f i l t e r e d  hydroxide t o  anhydrous alumina 

(aluminum oxide)  by f l u i d i z e d  bed c a l c i n a t i o n  a t  1 1 0 0 - 1 2 0 0 ~ ~ .  

F igure  1I.B-2 p r e s e n t s  t h e  i d e a l i z e d  f low s h e e t  f o r  alumina product ion 

w i t h  t h e  Bayer p rocess ,  whi le  F igure  1I.B-3 shows t h e  m a t e r i a l  ba lance  f o r  

producing one tonne of alumina. F igure  1I.B-4 i l l u s t r a t e s  t h e  main equipment 

i t ems  and t h e  f a c i l i t i e s  r e q u i r e d  f o r  alumina manufacture. 

A l l  modern alumina p l a n t s  a r e  c a p i t a l  and energy i n t e n s i v e  and r e l y  on 

s o p h i s t i c a t e d  automat ic  p rocess  c o n t r o l  systems t o  maximize t h e i r  p r o d u c t i v i t y  

and t o  decrease  energy usage. Conservation e f f o r t s  have r e s u l t e d  i n  a  drop 

of u n i t  energy consumption by more than  30% over  t h e  p a s t  decade. (The 

c u r r e n t  range is  750 KWh pe r  m e t r i c  ton  of alumina.)  A major r e d u c t i o n  was 

achieved by i n t r o d u c t i o n  of s t a t i o n a r y  f l u i d i z e d  bed c a l c i n e r s  i n  p l a c e  of t h e  

t r a d i t i o n a l  r o t a r y  k i l n .  



FIGURE 11. B-2 

IDEALIZED BAYER PROCESS FLOW SHEET 

Source: Engineering and Mining J o u r n a l ,  May 1983. 



Limes tone 
146 l b .  Water 

12,080 l b .  

FIGURE 11. B-3 

BAYER PROCESS FOR PRODUCING ONE TONNE OF ALUMINA 

Source: B a t t e l l e  Columbus Labora to r ies ,  Evaluat ion of T h e o r e t i c a l  P o t e n t i a l  
f o r  Energy Conservation i n  Seven Basic I n d u s t r i e s  (Columbus, Ohio: 
J u l y  1975; PB 244 772),  p.  150. 



FIGURE 1I.B-4 

ALUMINA R E F I N I N G  

Source :  U.S. Bureau o f  Mines, Mineral F a c t s  and Problems,  1975.  



Alumina p l a n t s  g e n e r a t e  l a r g e  q u a n t i t i e s  o f  a s l u r r y  was te  t h a t  

i s  r e f e r r e d  t o  as "red mud1' and c o n t a i n s  a l l  i m p u r i t i e s  s e p a r a t e d  from t h e  

b a u x i t e  as w e l l  as by-products formed d u r i n g  t h e  r e f i n i n g  p rocess .  The s l u r r y  

is depos i t ed  i n  ponds which a r e  e v e n t u a l l y  f i l l e d ,  d r i e d  o u t ,  and covered 

w i t h  top  s o i l  f o r  r e v e g e t a t i o n .  Up t o  one s q u a r e  k i lomete r  of lagoon a r e a  

is  r e q u i r e d  f o r  a p l a n t  p rocess ing  3.3 m i l l i o n  t o n s  of b a u x i t e  p e r  y e a r ,  bu t  

t h e  same lagoon can be used f o r  many years .  A p l a n t  i n  Lousiana developed 

a method of f i l t e r i n g  t h e  red mud over  sand and s t o r i n g  t h e  s o l i d s  f o r  use  a s  

l a n d f i l l .  (Residual  a l k a l i e s  make i t  u n s u i t a b l e  f o r  a g r i c u l t u r a l  purposes . )  

Table  1 I . B - 1  i n d i c a t e s  u n i t  raw m a t e r i a l ,  l a b o r ,  and energy requirements  

f o r  alumina manufacture. 

II.B.1.3 Aluminum Produc t ion  

Aluminum winning invo lves  t h e  e x t r a c t i o n  (smel t ing)  o f  m e t a l  from alumina,  

which i s  a chemical  compound (oxide)  formed by aluminum and oxygen. Considerable  

energy is needed t o  s e p a r a t e  t h e  two e lements  from each o t h e r .  The on ly  known 

t e c h n i c a l l y  f e a s i b l e  method is  based on e l e c t r o l y s i s ,  t h e  Hall-Heroult  p rocess  

developed i n  1886. I n  t h i s  method, an e l e c t r i c  c u r r e n t  s u p p l i e s  s e p a r a t i o n  

energy t o  molten alumina d i s s o l v e d  i n  a high-temperature b a t h  of molten 

c r y o l i t e .  The l a t t e r  i s  a f l u o r i d e  sa l t  of sodium and aluminum - Na3A1F - 
6 

t h a t  lowers  t h e  temperature  needed t o  mel t  alumina. F igure  1I.B-5 p r e s e n t s  

t h e  m a t e r i a l  ba lance  f o r  producing one tonne of aluminum from alumina w i t h  t h e  

Hall-Heroult p rocess ,  whi le  t h e  whole p r o c e s s  of producing one tonne of 

primary aluminum from b a u x i t e  is  summarized i n  F igure  1I.B-6. 



TABLE 1I.B-1 

RANGES OF BAUXITE, ENERGY, LABOR, AND RAW MATERIALS TO MAKE ALUMINA 
REQUIRED* TO PRODUCE 1 SHORT'TON OF PRIMARY ALUMINUM METAL 

Type of Bauxite 
Caribbean South American 

Bauxite, short dry tons 4.7-5.0 4.0-4.5 

Energy, million BTU 

Mining and Drying (oil, gas, electricity) 1-2 

Shipping to alumina refinery (oil) 2- 3 

Total labor and supervision, manhours 4-9 3-9 H 
H 

Alumina Production 

Caustic or equivalent soda ash and l.ime, 
lbs NaOIf 

Lime 60-200 100-200 

Starch ' 30-40 4-6 

Energy, million BTU 

Steam (coal, oil, gas) 25-30 20-25 

Calcining alumina (oil, gas, electricity) 7-10 7-10 

Miscellaneous (coal, gas, electricity) 2.4 2.5 

Total labor and supervision, manhours 3- 5 3-5 

* 1.9-1.95 tons Alumina per ton of aluminum. 



l b .  

l b .  

l b .  

11-14 

BATH ADDITIONS : 

Na3 A1Fg 401b. 

61b] CaF2 

~ 1 ~ 3  401b. 

l b  . 
l b .  

CELL REACTIONS: 

(1) 2A1203-4A1+302 

(2)  C+02'C02 

FIGURE 11. B-5 

E l e c t r o l y t i c  

Reduction 

HALL-HEROULT PROCESS FOR PRODUCING ONE TONNE 
OF ALUMINUM FROM ALUMINA 

1,7600F. GAS : 

(3) 3CO3+2A1~Al2O3+3CO - 
C e l l  Ef f i c iency-812  

(i.ncludes . 
f l u o r i n e )  52 

and Cast ing 

Assume 100% A 1  s i n c e  
i m p u r i t i e s  no t  s e p a r a t e l y  
fol lowed.  

Source: B a t t e l l e  Columbus L a b o r a t o r i e s ,  Evaluat ion of t h e  T h e o r e t i c a l  P o t e n t i a l  
f o r  Energy Conservation i n  Seven Basic I n d u s t r i e s  (Columbus, Ohio: 
J u l y  1975; PB 244 772),  p. 154. 
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90.3% Efficient Manufacture - 
Gas and Dust 

I 

Electrolytic 

Reduction 

98.9% Efficient . 

FIGURE 11. B-6 

MATERIAL BALANCE FOR PRODUCTION OF ONE TONNE OF PRIMARY 
ALUMINUM (Aluminum content in brackets) 

Source: Battelle Columbus Laboratories. 



An alumina smelting c e l l  is  t y p i c a l l y  a refractory-l ined rec tangular  

s t e e l  s h e l l ,  9-12 meters long, 3-4 meters wide, and 1-1.2 meters high. It 

has an inner  l i n i n g  of baked carbon, which serves  a s  a cathode and contains  

t he  molten aluminum a s  i t  is produced by t h e  e l e c t r o l y s i s  reac t ion ,  Current 

e n t e r s  the  c e l l  through s p e c i a l l y  prepared carbon anodes, which a r e  consumed 

i n  carbon dioxide production a s  t h e  carbon combines with oxygen from the  

alumina. The consumed anodes a r e  replaced by t h e  Soderberg continuous method 

o r  t he  prebaked method. By t h e  Soderberg method, t he  carbon i s  fed i n  a 

continuous column, and therefore  the  method obvia tes  the  neces s i ty  of h a l t i n g  

production t o  rep lace  t h e  anodes. However, the  prebaked anode5 have returned 

t o  favor  s i n c e  t h e  1960's because they give b e t t e r  power performance ( r e f e r  t o  

Table 1I.B-2), and they can be hooded more e a s i l y  t o  o f f e r  improved fume 

pro tec t ion ,  an important f ac to r  as environmental cons idera t ions  assumed wider 

proport ions i n  t h e  l a s t  decade. Molten metal is tapped from the  c e l l  and c a s t  

i n  primary ingots .  

The indus t ry  average f o r  e l e c t r i c a l  energy consumption is 15  KWH per 

kilogram of metal,  but  i n t ens ive  e f f o r t s  t o  improve c e l l  e f f i c i ency  have reduced 

consumption of 13.5 KWH per kilogram i n  new smelters .  Each c e l l  opera tes  a t  

4.5-5 v o l t s  (dc),  and, t o  reduce c a p i t a l  c o s t s  fo r  r e c t i f y i n g  equipment, up 

t o  240 c e l l s  a r e  connected i n  s e r i e s  t o  form a "pot l ine" operating, a t  175  KVA and 

1000 V DC. Pot l ines  a r e  housed i n  t he  long (up t o  800 meters ) ,  narrow 

bui ldings t h a t  a r e  c h a r a c t e r i s t i c  of aluminum smelters.  An aluminum p o t l i n e  

must be protected aga ins t  sudden extended power outages because i n  such cases  

the  c e l l  contents  w i l l  quickly s o l i d i f y  and then seve ra l  months may be required 

t o  r e s t o r e  f u l l  production. 



TABLE 1 I . B - 2  

ESTIMATED RANGES O F  ALUMINA, ENERGY*, LABOR, AND RAW MATERIALS TO MAKE 
ONE SHORT TON OF PRIMARY ALUMINUM METAL 

TYPE OF ANODE 

Alumina - s h o r t  t o n s  1.9-1.95 1.9-1.95 

Makeup c r y o l i t e  (Na3A1F6) - pounds  

Makeup aluminum f l u o r i d e  (A1F3) - pounds  

Ca lc ium f l u o r i d e  (CaF2) - pounds  

Energy,  m i l l i o n  BTU 

~ l u m i n a  r e d u c t i o n  ( e l e c t r i c i t y !  45-56 55-60 

E l e c t r o d e  Carbon 

P e t r o l e u m  c o k e ,  c a l c i n e d  (700  t o  950 
. pounds )  9  - 1 2  

P i t c h  (280  to  300 pounds )  3-4 

A n t h r a c i t e  coal ( 4 0  to  80 pounds )  0.5-0.7 

Anode a n d  c a t h o d e  b a k i n g  ( o i l ,  g a s ,  
e l e c t r i c i t y )  2.3-5.5 

H o l d i n g  f u r n a c e ,  i n g o t  c a s t i n g ,  a n d  m e l t i n g  
o p e r a t i o n s  ( g a s ,  o i l ,  e l e c t r i c i t y )  5.2-7.8 

T o t a l  l a b o r  and  s u p e r v i s i o n  - manhours 8-15 10-20 

f Assumed e n e r g y  e q u i v a l e n t s :  o i l ,  150 ,000  BTU/gal; n a t u r a l  g a s ,  1000  BTU/ 
c u b i c  f t . ;  c o a l  and  p i t c h ,  24 m i l l i o n  B T u / s h o r t  t o n ;  p e t r o l e u m  c o k e ,  
26 m i l l i o n  BTU/short t o n ;  e l e c t r i c i t y ,  3 ,413  BTU/kwh. 

S o u r c e :  " A l u m i n u m t t ,  B u r e a u  of M i n e s ,  U.S .  D e p t .  of the I n t e r i o r .  



About 80% of t o t a l  aluminum consumption i s  f i l l e d  wi th  primary 

aluminum which is  made with t h e  above-mentioned process.  The balance is  

produced by recyc l ing  ma te r i a l  coming mainly from new scrap,  aluminum cans, 

discarded automobile bodies,  and o ther  res idues  containing economically 

recoverable  q u a n t i t i e s  of aluminum. 

The smelting process  f o r  secondary aluminum genera l ly  cons i s t s  of s i x  

s t eps :  charging scrap i n t o  t h e  furnace, add i t i on  of f lux ing  agents ,  add i t i on  

of a l l oy ing  agents ,  mixing, demagging (magnesium removal) or  degassing, and 

skimming. Some p l a n t s  a l s o  process res idues  t o  recover a high aluminum 

f r a c t i o n  f o r  smelt ing and a low aluminum f r a c t i o n  f o r  use by s t e e l  manufacturers 

a s  ingot  topping. High-iron scrap undergoes presmelting t reatment  f o r  i r o n  

removal. Prospect ive increases  i n  aluminum p r i c e s  a r e  l i k e l y  t o  prompt more 

scrap uses. 

II.B.1.4 M i l l  and Finished Aluminum Products 

Primary and secondary ingots  and some molten aluminum a r e  transformed 

i n t o  so-called m i l l  products by independent o r  smel te rs '  a f f i l i a t e d  f a b r i c a t o r s  

through processes such a s  hot and cold r o l l i n g ,  ex t rus ion ,  and cas t ing .  M i l l  

products a r e  l a r g e l y  c l a s s i f i e d  i n t o  th ree  ca tegor ies :  (a) shee t s ,  p l a t e s  

and f o i l ;  (b) extruded shapes and tubes; and (c) o ther  products such a s  rods,  

ba r s ,  wires ,  forgings,  and f a b r i c a t o r  cas t ings .  

M i l l  products a r e  e i t h e r  transformed i n t o  f in i shed  products such a s  

r e s i d e n t i a l  s id ing ,  aluminum cans,  cooking u t e n s i l s ,  f a s t ene r s  and c losures ,  

o r  they a r e  consumed a s  p a r t s  of o ther  goods i n  var ious  indus t r i e s .  For the  

major OECD consuming count r ies  the  share  of each main end-use sec to r  i n  t o t a l  



domestic use  of aluminum i n  1980 was w i t h i n  t h e  fol lowfng range: 

Transpor t  19-31% 

Packaging 6-28% 

Cons t ruc t ion  12-33% 

Mechanical and E l e c t r i c a l  Engineer ing 13-31% 

11. B. 2 Power Requirements 

Primary aluminum is t h e  second most energy- intensive  major meta l  

a f t e r  magnesium i n  t e r m s  of u n i t  energy v a l u e s  (energy r e q u i r e d  t o  produce 

a tonne of meta l ) .  It has  been es t imated  t h a t  i n  t o t a l  184 G J  a r e  r e q u i r e d  

t o  produce one tonne o f  primary aluminum. I n  c o n t r a s t ,  secondary smel t ing  

r e q u i r e s  on ly  5 t o  6% of t h e  energy needed f o r  t h e  p roduc t ion  of primary 

aluminum, w h i l e  downstream a c t i v i t i e s ,  such  as r o l l i n g  and e x t r u s i o n ,  add v e r y  

l i t t l e  t o  t h e  energy requirement  of t h e  s e c t o r  ( r e f e r  t o  Table  1I.B-4). 

E l e c t r i c i t y  accounts  f o r  70% of t o t a l  energy requ i rements ,  whi le  

p r o c e s s  steam and process  h e a t  account r e s p e c t i v e l y  f o r  10.5% and 19.5% of  

t h i s  requirement.  A s  i l l u s t r a t e d  by F igure  1I.B-7, 3.2% of  t o t a l  energy 

requirements  is  consumed a t  t h e  b a u x i t e  s t a g e ,  16.3% a t  t h e  alumina r e f i n i n g  

s t a g e ,  75% f o r  t h e  e l e c t r o l y s i s ,  and 5.5% f o r  c a s t i n g .  The major energy 

flows i n  t h e  p roduc t ion  of primary aluminum i n g o t s  from b a u x i t e  a r e  shown i n  

F igure  1I.B-8. 

Over 95% of  t h e  e l e c t r i c i t y  consumed i s  used f o r  t h e  e l e c t r o l y s i s  of 

alumina. The c u r r e n t  o p e r a t i n g  range is 13,000 kWh/tonne f o r  t h e  most 

e f f i c i e n t  new s m e l t e r s  t o  17,000 kWh/tonne f o r  o l d e r  p l a n t s .  Table 1I.B-3 

shows t h e  power requirements  f o r  a number of new and planned s m e l t e r s .  The 

major f a c t o r s  which a f f e c t  t h e  energy e f f i c i e n c y  o f  a p l a n t  a r e  t h e  fol lowing:  



TOTAL ENERQY CONSWIPTIW FOR PRODWINQ 
ONE TOWE OF PRIMARY ALUltNlUM INGOT 
( %  BY UAlN PRO0UCTW)W STAGE) 

ENERQY MIX (%) 

FIGURE 11. B-7 

ENERGY CONSUMPTION IF  THE PRIMARY ALUMINUM 
INDUSTRY (Western World - 1981) 

Source: OECD S e c r e t a r i a t ,  "Aluminum Industry.  Energy Aspects of S t r u c t u r a l  
Change", 1983. 





TABLE 1I.B-3 

POWER REQUIREMENTS FOR RECENTLY CONSTRUCTED 
AND PLANNED NEW SMELTERS 

Country a n d  location P lanned  capac i ty . (  ) Power 
p r imary  aluminium Requirements 
( 300 tonnes/year  ) ( M W )  

Aus t ra l ia :  
Gladstone, Qld. ( 2  potlines 206 320 
Tornago, NSW ( 2  pot l ines  220 380 
Loch i n v a r  , NSW ( 2  pot l ines)  236 380 
Por t l and ,  Vic. ( 1  pot l ine)  132 227 
Kurri  Kurr i ,  NSW ( 2  pot l ines)  90 
Point Henry, Vic. 

190 
165 285 

Bunbury a r e a ,  W.A.. (1' pot l ine)  132 200 
Worsley, W . A .  ( 2  pot l ines)  220-250 400 

New Zealand  (South I s l a n d )  
2 pot l ines  

Dubai ( 2 )  

Bahra in  170 300 

Mt. Clarendon,  North Caro l ina  181 350 

Ind ia :  
Hirakud,  Or issa  
Ta lche r ,  Or issa  

Indonesia  ( Asahan,  3 pot l ines  ) 225 550 

Malaysia  90 200-300 
- -- 

( 1 )  Eventual  capac i ty  may be l a r g e r ;  d a t a  a r e  for 1982-1985 a n d  p lanned  
c a p a c i t y  a f t e r  1985. 

( 2  1 Power p l an t  designed a s  multi-purpose. 

Source: Austral ian Mineral Economics P t y  L t d .  



TABLE 1I.B-4 

PRIMARY ENERGY CONSUMPTION FOR SOME MILL 
PROCESSES AND FOR SECONDARY SMELTING IN EUROPE, 1980 

Hot Cold rolling Extrusion Secondary 
rolling 6 finishing smelting 

5 2 1 Electricity 61% 63% 12% 

Fuels 48% 39% 37% 88: 

% 100% 100 t 100% 100% 

Total GJ per 
tonne 

GJ per tonne 
as % of energy 
requirement 
for 1 tonne of 
primary ingot 

Source: OECD Secretariat, "Aluminum Industry. Energy Aspects of Structural 
Change", 1983 



- Age of t h e  p lan t :  modernization of e x i s t i n g  pot  l i n e s  i s  c o s t l y ,  

and the re fo re  t h e  p o s s i b i l i t i e s  of improving t h e  energy e f f i c i ency  

of a p l a n t  a r e  small. Actual power savings of t he  order  of 1 t o  2% 

per  year have been achieved over t he  l a s t  decade, d e s p i t e  t h e  f a c t  

t h a t  recent  environmental cons idera t ions  have led t o  increased 

power requirements. 

- Ava i l ab i l i t y  of energy resources a t  t h e  p lan t  s i t e :  t o  a c e r t a i n  

ex t en t ,  l e s s  e f f i c i e n t  smel te rs  a r e  b u i l t  i n  energy r i c h  coun t r i e s ,  

while in a r e a s  wi th  l e s s  abundant energy resources,  the  energy 

performance of t h e  smelters  t e n d s . t o  be b e t t e r .  

About 4% of t o t a l  e l e c t r i c i t y  consumption i n  OECD coun t r i e s  i s  used 

f o r  aluminum production, while t h e r e  a r e  count r ies ,  where t h i s  percentage is  

much higher.  In  Iceland,  t h e  share  of aluminum i n  t o t a l  . e l e c t r i c i t y  

consumption i s  44%. However, aluminum smelting i s  an easy way t o  take  

advantage of remote energy resources,  e spec i a l ly  renewable hydro resources*; 

without neces sa r i l y  r e s t r i c t i n g  energy ava i l ab l e  t o  o ther  consumers. 

II.B.3 P lan t  S i t e  and Size Requirements 

The e s s e n t i a l  elements f o r  t h e  in tegra ted  aluminum indus t ry  a r e :  

c a p i t a l ,  raw ma te r i a l s ,  energy, and markets. Seldom does a s i n g l e  country 

possess a l l  four  of t hese  elements. Therefore,  t h e  world's aluminum indus t ry  

i s  i n t e r n a t i o n a l  by neces s i ty ,  and i s  an indus t ry  where resources a r e  

* A study done by the  OECD S e c r e t a r i a t  estimated t h a t  i n  1981 the  breakdown of 
power sources f o r  the aluminum indus t ry  i n  t he  Western World was a s  follows: 
hydro, 5 2 . 6 % ;  coal ;  27.5%; o i l ,  6.8%; n a t u r a l  gas,  7.2%; and nuclear ,  5.9%. 



a l loca t ed  i n  response t o  i n t e r n a t i o n a l  market forces  r a the r  than n a t i o n a l  

p o l i t i c a l  po l i c i e s .  

Aluminum smel te rs  used t o  be loca ted  i n  developed coun t r i e s  c lo se  

t o  t h e  major consumers of North America, Europe, and Japan. However, t he  

high energy consumption i n  t h e  e l e c t r o l y s i s  process combined wi th  the  d i s -  

appearance of low cos t  energy i n  developed coun t r i e s  tend t o  favor  smelter  

s i t e s  i n  developing count r ies  c l o s e  t o  a  hydroe lec t r ic  supply (a new smelter  

b u i l t  i n  Indonesia) ,  c o a l  depos i t s  ( India ' s  Angul p l an t ,  scheduled t o  open i n  

1986), o r  domestic n a t u r a l  gas (a p l an t  r ecen t ly  s t a r t e d  up i n  Jeba-Ali, 

Dubai). Increases  i n  energy p r i c e s  have forced smel te rs  t o  c l o s e  i n  Japan and 

Taiwan . 
Alumina p l a n t s ,  on t h e  o ther  hand, a r e  s i t e d  based on numerous 

economic cons idera t ions  and may be loca ted  i n  t h e  v i c i n i t y  of a  bauxi te  mine, 

o r  adjacent  t o  a  smelter ,  o r  a t  an in te rmedia te  s i t e .  The loca t ion  of alumina 

p l an t s  is  mainly t h e  r e s u l t  of a  compromise between t h e  incen t ive  t o  reduce 

t r anspor t a t ion  c o s t s  by loca t ing  c l o s e  t o  bauxi te  mines and t h e  attempt t o  

reduce investment c o s t s  and r i s k s  by loca t ing  i n  developed count r ies .  

In  t he  case  of secondary aluminum, a v a i l a b i l i t y  of scrap and 

proximity t o  markets a r e  t he  main f a c t o r s  determining loca t ion .  The geographical 

breakdown of bauxi te ,  alumina and aluminum i n  1981 is  i l l u s t r a t e d  by Figure 

1I.B-9. 

The cos t  components of t he  aluminum indus t ry  vary so widely t h a t  no 

genera l iza t ions  a r e  possible .  However, t he  following f a c t o r s  should be borne 

i n  mind: 
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FIGURE 1I.B-9 

GEOGRAPHICAL BREAKDOWN OF BAUXITE, ALUMINA AND ALUMINUM 1981 
(% of western world production) 

Source: OECD Secretariat, "Aluminium Industry. Energy Aspects of Structural 
Change", 1983. 



- C a p i t a 1 c o s t : n e w a l u m i n a p l a n t s t e n d t o  cos t  more than $1,000 

per  i n s t a l l e d  ton of annual capac i ty ,  while t h i s  f i g u r e  f o r  a  

l a r g e  new smelter  v a r i e s  between $3,000 and $4,000 a  ton  (1981 p r i c e s ) .  

The c a p i t a l - i n t e n s i t y  of t he  indus t ry  r a i s e s  d i f f i c u l t i e s  t o  en t ry ,  

and makes i t  mandatory t o  keep o lde r ,  p a r t l y  o r  completely amortized 

p l a n t s  i n  a  good s t a t e  of r epa i r .  

- Delivery cos t s :  t r anspor t a t ion  and handling charges of raw 

ma te r i a l s  a r e  a  l a r g e  component of t h e  de l ivered  c o s t ,  sometimes 

accounting f o r  a s  much a s  50%. 

- Government involvement: arrangements with governments a r e  usua l ly  

made i n  terms of p r i c ing  of energy, t r anspor t  and o ther  u t i l i t i e s .  

A l a r g e  percentage of primary aluminum capac i ty  i n  t h e  world is 

under d i r e c t  government inf luence.  

- Foreign exchange: t he  high added va lue  t o  alumina i n  smelting 

makes aluminum production a  p o t e n t i a l l y  l a r g e  earner  of fore ign  

exchange. 

- Pol lu t ion :  might impose c o s t  on t h e  economy of a  developing country. 

The minimum economic s i z e  f o r  a  new bauxite  depos i t  where l a r g e  

investments i n  t ranspor t  systems and i n f r a s t r u c t u r e  a r e  required,  i s  estimated 

a s  high a s  5 t o  8 mi l l i on  tons per year.  The minimum economical s i z e  f o r  

alumina p l an t s  today is somewhere i n  t he  2 t o  3 mil l ion  tpy range, while a  

greenf ie ld  smelter  of 150,000 tons  is  l a r g e  enough t o  be p r o f i t a b l e  and only 

few a r e  b u i l t  l a r g e r  than t h a t  a t  t h e  i n i t i a l  s tage.  This mismatch i n  

minimum economical u n i t s  has strengthened t h e  trend i n  t he  indus t ry  towards 

forming conso r t i a  f o r  mining bauxi te  and bui lding new alumina p l an t s .  



An area of 0.75 - 1.20 sq m per ton of i n s t a l l e d  capac i ty  i s  usua l ly  

required f o r  alumina p l an t s ,  of which bauxi te  s to rage  accounts f o r  18-30%, 

and red mud d i sposa l  f o r  8-13%. Aluminum smel te rs  usua l ly  r equ i r e  an a rea  

of about 6 sq m per  ton of i n s t a l l e d  capaci ty.  

1I.B. 4 Water and Labor Requirements 

Water requirement is not  considered a s  a problem i n  aluminum plan ts .  

In  t h e  alumina p l a n t s ,  t he  s p e c i f i c  consumption of water i s  i n  t he  range of 

3-4 cu m per  met r ic  ton of alumina produced. 

Labor requirements vary widely depending on p l an t  l oca t ion  and 

technology used. Typical p roduc t iv i t i e s  a r e  200-650 tons per man per  year 

f o r  alumina p l an t s  and 80-250 t/man/y f o r  aluminum smelters.  Table 1I.B-5 

is  a s t a f f i n g  summary f o r  a proposed alumina p l an t  i n  Jamaica. 

II.B.5 Environmental Impact 

The wastes r e s u l t i n g  from the  aluminum indus t ry ' s  opera t ions  a r e  

s i g n i f i c a n t ,  and hence t h e i r  e f f e c t s  must be considered i n  environmental 

impact assessments. This s ec t ion  is a summary of t h e  information presented 

i n  the  "Environmental Guidelines", The World Bank, Off ice of Environmental 

Af fa i r s  (1984). 

Major environmental concerns i n  bauxi te  mining a r e  land reclamation, 

runoff water con t ro l ,  dust con t ro l  and i n f r a s t r u c t u r e  impact. It is genera l ly  

accepted t h a t  i n  mining opera t ions  land should be res tored  t o  an equal o r  

more use fu l  s t a t e  than ex is ted  before t h e  s t a r t  of such operat ions.  Runoff 

waters should be c a r e f u l l y  considered i n  terms of suspended s o l i d s ,  pH, 





d i s s o l v e d  s o l i d s ,  and meta l s .  Noise can a l s o  be  generated from b l a s t i n g  

and t h e  u s e  o f  heavy excava t ion  and t r a n s p o r t a t i o n  equipment. 

In  t h e  p rocess ing  of b a u x i t e  t o  produce aluminum t h e  p r i n c i p a l  

environmental  concerns  inc lude :  (a)  d i s p o s a l  of b a u x i t e  r e s i d u e  (red mud); 

(b) d i r t  l o s s e s ;  (c)  emiss ions  from f u e l  burning; and (d) was te  l i q u i d  and 

s l u r r y  streams. 

Gaseous emiss ions  o r i g i n a t e  from t h e  p o t l i n e s ,  potroom, p a s t e  p l a n t ,  

anode bake p l a n t ,  and t h e  degass ing  opera t ion .  The emiss ions  c o n t a i n  d u s t s ,  

s u l f u r  compounds, f u e l  combustion p roduc t s ,  phenols ,  cyan ides ,  c e r t a i n  

o rgan ic  p o l l u t a n t s ,  and f l u o r i d e s  which a r e  r e l e a s e d  from t h e  e l e c t r o l y s i s  

c e l l s  and used t o  be t h e  most s e r i o u s  a i r  p o l l u t i o n  problem. S t r i n g e n t  

s t a n d a r d s  have l e d  t o  e x t e n s i v e  u s e  of b o t h  wet and d r y  methods f o r  c o n t r o l  

of p a r t i c u l a t e s  and gases .  Dry systems a r e  p r e f e r a b l e  t o  wet systems, s i n c e  
* 

l i q u i d  waste  f lows a r e  reduced. Today most p l a n t s  e f f e c t i v e l y  c o l l e c t  and 

remove t h e  v a r i o u s  emiss ions  and t h e r e f o r e  v e r y  l i t t l e  escapes  t o  t h e  

atmosphere. 

P rocess  wastewater o r i g i n a t e s  from t h e  wet sc rubbers  used f o r  a i r  

p o l l u t i o n  c o n t r o l ,  t h e  c r y o l i t e  recovery,  i n g o t  cool ing,and cathode making. 

For secondary aluminum o p e r a t i o n s ,  t h e  wastewater r e s u l t s  from demagging, 

wet m i l l i n g  of r e s i d u e s ,  and c o n t a c t  cool ing.  S i g n i f i c a n t  parameters  i n  

wastewaters  a r e  t h e  t o t a l  f l u o r i d e s ,  t o t a l  suspended s o l i d s ,  and pH. For 

secondary product ion,  ammonia n i t r o g e n ,  aluminum, and copper must be added t o  

them. Recycling i s  used t o  c o n t r o l  t h e  volume of wastewater d i scharged .  

Other a p p l i c a b l e  technology i n c l u d e s  t r ea tment  of wet scrubber  water  and o t h e r  

e f f l u e n t s  t o  p r e c i p i t a t e  t h e  f l u o r i d e s .  



S o l i d  was tes  i n c l u d e  bauxide r e s i d u e s  (red mud), s p e n t  ca thodes ,  

and r e s i d u e s  from a i r  p o l l u t i o n  c o n t r o l  d e v i c e s  and from t h e  w a t e r s  used t o  

c o o l  t h e  i n g o t s  and c a s t i n g s .  Some form of dumping is  c u r r e n t l y  considered 

t o  be t h e  b e s t  d i s p o s a l  method f o r  red  muds, i n c l u d i n g  ( a )  l and  impoundment; 

(b) ocean dumping by s h i p s ,  ba rges ,  o r  p i p e l i n e s ;  and (c)  seashore  reclamat ion.  

Land impoundment i n  a diked impervious a r e a  i s  most f r e q u e n t l y  used,  and i s  

t h e  method t o  be  g e n e r a l l y  employed f o r  Bank-supported p r o j e c t s .  Care must 

be taken t o  avoid contaminat ion of ground waters .  Drying beds,  lagoons,  

l a n d f i l l s ,  o r  i n c i n e r a t i o n  a r e  used t o  t r e a t  s o l i d  wastes  o t h e r  than red  muds. 

Metal recover ing  and o t h e r  c o n d i t i o n i n g  may be a p p l i e d  ahead of u l t i m a t e  

d i s p o s a l .  

II.B.6 Seaborne Bauxi te  and Alumina Transpor t  

Both b a u x i t e  and alumina can be handled a s  b u l k  ca rgoes  and have 

s i m i l a r  sh ipp ing  c o s t s  on a tonnage b a s i s .  On an aluminum-content b a s i s ,  

however, t h e  c o s t  of t r a n s p o r t i n g  alumina i s  about one-half t h a t  of b a u x i t e ,  

which has  in f luenced  t h e  p roduc t ion  of alumina n e a r  t h e  mine i n  r e c e n t  years .  

Never the less ,  even w i t h  f a l l i n g  e x p o r t s ,  t h e  r a t i o  of alumina e x p o r t s  t o  

t o t a l  aluminum bear ing  bu lk  e x p o r t s  (alumina p l u s  b a u x i t e )  h a s  remained f a i r l y  

c o n s t a n t  a t  between 25  - 30%. However, where sha l low d r a f t  problems p e r t a i n  

a t  e i t h e r  load ing  o r  d i s c h a r g e  p o i n t ,  shipment of alumina has  obvious 

advantages  because of i t s  h igher  e lemental  con ten t .  

Transpor t  is an important  f a c t o r  i n  raw m a t e r i a l  c o s t s  r e p r e s e n t i n g ,  

i n  some i n s t a n c e s ,  h a l f  of in-plant  c o s t s .  A s  a r e s u l t ,  t h e  i n d u s t r y  is 

g e n e r a l l y  h igh ly  i n t e g r a t e d  and supply c o n t r a c t s  a r e  o f t e n  long term. 



Consequently, sh ips  a r e  usua l ly  i n  indus t ry  ownership o r  on long term 

cha r t e r ,  and they opera te  on s p e c i f i c  routes .  

The volume, ton-miles, and average loaded haul  of seaborne bauxi te  

and alumina t r a d e  over t he  ten-year period 1973-83 a r e  shown i n  Table 1I.B-6. 

The volume of shipped bauxite/alumina i n  1973 has been increased three-fold 

ten  years  l a t e r ,  while t h e  t o t a l  ton-miles have shown a two-fold increase  

over t he  same period. 

Any bulk ves se l  - with, o r  without cargo handling gear - is  s u i t a b l e  

f o r  the  t r anspor t  of aluminum raw ma te r i a l s ,  provided i t  can be accommodated 

by t h e  a v a i l a b l e  f a c i l i t i e s  f o r  loading and unloading bauxi te  o r  alumina. 

However, spec ia l ized  "bauxite c a r r i e r s "  have been b u i l t ,  which a r e  equipped 

wi th  sophis t ica ted  conveyor-fed, self-unloading devices  t o  avoid investments 

i n  t h e  shore-based f a c i l i t i e s .  These sh ips  opera te  usua l ly  between f ixed 

poin ts  of o r i g i n  and des t ina t ion ,  and a r e  mainly employed i n  t he  cross- 

Caribbean t rade.  

Shiploads above 20,000 tons  a r e  almost always t ransported by ves se l s  

of the  bulk c a r r i e r  type. For smaller  shipments mainly on short-haul routes ,  

I I break-bulk" tweendeck dry cargo sh ips  a r e  usua l ly  employed, p a r t l y  because 

of t he  shallow d r a f t s  ava i l ab l e  a t  some po r t s ,  but a l s o  because t h e i r  use 

enables the  backhaul of o ther  general  cargoes, e l iminat ing long b a l l a s t  runs. 

The p a r t i c i p a t i o n  of bulk ves se l s  i n  bauxite/alumina t rading rose  from 40% i n  1981 

t o  50% i n  1983, i nd ica t ing  t h e  growth of l a r g e  shipments on t h e  long-haul 

rou te s  from Aust ra l ia  and West Africa.  



TABLE 1I.B-6 

Year - 
1973 
1974 
1975 
197 6 
1977 
1978 
1979 
1980 
1981 
1982 
1983 

WORLD SEABORNE TRADE OF BAUXITE/ALUMINA 1973-83 

Volume i n  m i l l i o n  
m e t r i c  t o n s  

Ton-mil e s  
i n  b i l l i o n  

4 0 
57 
7 5 
8 0 
7 8 
7 2 
8 2 
8 8 
8 0 
7 1 
8 0 

Average d i s t a n c e  of 
loaded voyage i n  m i l e s  

Source of d a t a :  Fearn leys ,  "World Bulk Trades", 1983. 

TABLE 1I.B-7 

SIZE OF SHIPS TRANSPORTING BAUXITE/ALUMINA 

SIZE GROUP (DWT) 1970 1971 1972 1973 1974 1975 1976 1977 1978 1982 1983 - - -- - - - - - -- 
Under 40,000 9 2 90 87 83 8 0 7 6 7 0 66 6 5 58 50 

40-60,000 7 8 9 1 2  1 3  1 3  1 6  17 1 8  20 1 9  
Over 60,000 1 2 4 5 7 11 1 4  17 17 22 31 

Source of d a t a :  H.P. Drewry Ltd,  " S t r u c t u r e  o f  Bauxite/Alumina Trade and Trends i n  Ocean 
Transpor ta t ion" ,  1980; and Fearn leys ,  "World Bulk Trades", 1983. 



The s i z e  d i s t r i b u t i o n  of s h i p s  t r a n s p o r t i n g  aluminum raw m a t e r i a l s  

is  shown i n  Table  1I.B-7. The p a r t i c i p a t i o n  of smal le r  s h i p s  (under 40,000 

dwt) i s  c o n s t a n t l y  decreas ing ,  a s  they  a r e  used on ly  on t h e  shor t -haul  r o u t e s .  

On t h e  longer  h a u l s ,  however, d e s p i t e  t h e  f a c t  t h a t  t h e r e  a r e  c o s t  i n c e n t i v e s  

f o r  s h i p p e r s  t o  employ s h i p s  of l a r g e  c a p a c i t y ,  v e s s e l s  of "Panamax" s i z e  

(50-70,000 dwt) a r e  almost e x c l u s i v e l y  used,  because of t h e  low m a t e r i a l  

throughputs  of i n d i v i d u a l  p l a n t s ,  t h e  h i g h  c o s t  of p rov id ing  modern handl ing 

equipment, t h e  need f o r  covered s t o r a g e ,  and t h e  e x i s t i n g  p o r t  depths .  Today 

t h e  employment of bu lk  o r  OBO c a r r i e r s  of up t o  80,000 dwt i s  f e a s i b l e  on 

some r o u t e s .  

Most p o r t  f a c i l i t i e s  f o r  handl ing and s t o r i n g  incoming raw m a t e r i a l s  

a r e  owned by consuming-plants  a t  c o a s t a l  l o c a t i o n s .  Only a  r e l a t i v e l y  smal l  

p a r t  of t h e  t r a d e  is  d i r e c t e d  t o  l a r g e ,  multi-purpose p o r t  complexes l i n k e d  

t o  i n l a n d  t r a n s p o r t a t i o n  systems. P o r t  load ing  f a c i l i t i e s  f o r  b a u x i t e  a r e  

g e n e r a l l y  l i m i t e d  t o  handl ing s h i p s  of up t o  50-70,000 dwt, but  many f a c i l i t i e s  

a r e  a v a i l a b l e  on ly  up t o  t h e .  25-30,000 dwt range.  Table  1I.B-8 shows t h e  

p r i n c i p a l  load ing  p o r t s  f o r  aluminum raw m a t e r i a l s .  

Bauxi te ,  a f t e r  d ry ing ,  is  g e n e r a l l y  loaded by g a n t r y  v i a  conveyors 

and r a t e s  of up t o  4,000 t / h  may be achieved.  Discharge i s  g e n e r a l l y  a t  a  

lower r a t e  us ing  g rabs  o r  c l a m s h e l l s  and can a c h i e v e  up t o  about  1,500 t/h. 

S t o c k p i l i n g  r e q u i r e s  e x t e n s i v e  s t o r a g e ,  which is  an a d d i t i o n a l  f a c t o r  l i m i t i n g  

shipment s i z e s .  
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TABLE 1I.B-8 

(1)  Max. s i z e  governed by bar draf t ;  v e s s e l s  o f  25/30,000 DVT may part load and cop-up a t  the  Trinidad transfer  s t a t i o n s .  

Source: H.P. Drewry Ltd. ,  " s t r u c t u r e  of ~ a u x i t e / A l u m i n a  Trade and Trends i n  
Ocean Transpor ta t ion" ,  1980. 



While dust ing is  a problem with bauxi te ,  i t  is  p a r t i c u l a r l y  so wi th  

alumina which should be loaded i n  enclosed conveyor systems. Typical ly ,  

loading r a t e s  a r e  i n  t he  500 t o  1,000 t / h  range but f o r  t h e  bigger shipments 

from Aust ra l ia ,  1,500 t o  2,000 t / h  capable loaders  have been i n s t a l l e d .  

Discharge is  usua l ly  with suc t ion  unloaders of 400 - 600 t / h  capac i ty  but 

f a c i l i t i e s  wi th  1,000 t / h  unloaders have been i n s t a l l e d .  



1I.C Plant Descriptions 

11. C.l Alumina Plant 

Plant location: Matanzas industrial zone in Ciudad Guayana, Venezuela 

on the Orinoco River, 180 nautical miles from the Atlantic Ocean. 

Owners: Fondo de Inversiones de Venezuela, Corporacion Venezolana de 

Guayana, Alusuisse. 

Start-up: September 1982 - March 1983. 
Annual production: 1 million metric tonslyear alumina (20% exported). 

Annual raw materials consumption : 

2,000,000 tons trihydrate bauxite. 

200,000 tons .caustic soda solution (50% NaOH) . 
35,000 tons burnt line (CaO). 

2,400 tons starch (floculant). 

125 tons synthetic floculants. 

1600 tons carbon filter aid. 

1000 tons sulfuric/hydrochloric acid. 

3,000,000 tons water. 

Annual energy inputs: 

240,000 tons fuel oil. 

250 Gwh electricity. 

Plant layout: See Figure 1I.C-1. 

Total area: 80 hectares (excluding waste disposal sites). 

Bauxite sources: Brazil, Surinam, Jamaica (domestic sources will be utilized 

after development of mining production. 
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FIGURE 11. C-1 

GENERAL LAYOUT OF INTERALUMINA PLANT SITE 

Source: Engineer ing  and Mining J o u r n a l ,  May 1983. 



Terminal d r a f t :  Maximum v e s s e l  d r a f t  v a r i e s  from 8.2 t o  12 m depending 

on t h e  season. Sh ips  up t o  50,000 DWT can be  handled a t  t h e  dock. 

Bauxi te  unloading: Two clam s h e l l  unloading c r a n e s  r a t e d  a t  1200 m t l h r  

each  unload b a u x i t e  from s h i p  i n t o  hoppers. E n t i r e  o p e r a t i o n  is 

computer-controlled.  

Bauxi te  conveyors: 2,400 mt/hr .  P l a n t  can be  f e d  from e i t h e r  of 2 s tock-  

p i l e s  o r  d i r e c t l y  from t h e  sh ip .  

Bauxi te  s t o r a g e :  Bauxi te  i s  conveyed t o  two s t o c k p i l e s  - one covered 

measuring 570 x 4 9  m and p rov id ing  220,000 m t  of  "dry" s t o r a g e ,  and 

t h e  o t h e r  measuring 570 x 47 m f o r  270,000 m t  o f  uncovered s t o r a g e .  

Bauxi te  handl ing:  Discharge b e l t  t o  t h e  covered s t o c k p i l e  is  f i t t e d  w i t h  a 

t r i p p e r  c a r  capab le  o f  d i s c h a r g i n g  t h e  b a u x i t e  a long  t h e  l e n g t h  of 

t h e  b u i l d i n g  i n  e i t h e r  a "cone s h e l l "  o r  a "chevron" p a t t e r n .  Each 

s t o c k p i l e  has  an  800 mt lh r  p o r t a l  s c r a p e r  f o r  rec la iming  baux i te .  

Alumina s t o r a g e l t r a n s p o r t :  Shed-type s t r u c t u r e  w i t h  150,000 m t  s t o r a g e  

capac i ty .  Alumina i s  rece ived  from t h e  p l a n t s  c a l c i n e r s  on two 

conveyors,  each r a t e d  a t  200 mt lh r .  It is  then f l u i d i z e d  and moves 

v i a  an  a i r - s l i d e  t o  a s e r i e s  of d i s t r i b u t i o n  s t a t i o n s  l o c a t e d  a t  the 

apex of t h e  shed. Discharge of alumina from t h e  sheds  proceeds  by 

g r a v i t y  f low over  open a i r - s l i d e  pads t h a t  feed rec la im b e l t  conveyors 

l o c a t e d  in a c o n c r e t e  t u n n e l  running a long t h e  c e n t e r  of t h e  shed. 

Caus t i c  hand l ing / s to rage :  A 50% c a u s t i c  s o l u t i o n  is  unloaded from s h i p s  

3 
by a marine a r m  and two shore-s ide  c e n t r i f u g a l  pumps r a t e d  a t  520 m / 

h r  each. It is  t r a n s f e r r e d  through a 300 mm diamete r ,  1.5 km 
I 



p i p e l i n e  t o  2 s to rage  tanks 59 m above dock l eve l .  Each tank 

3 holds  up t o  10,000 m o r  about 30,000 m t  of so lu t ion .  Storage 

capac i ty  is  roughly enough t o  permit two months opera t ion  a t  f u l l  

production rate. 

P lan t  u t i l i t i e s :  Three 200 mt/hr steam b o i l e r s  designed t o  f i r e  e i t h e r  No. 6 

f u e l  o i l  o r  n a t u r a l  gas. A 70-Mv power supp ly /d i s t r i bu t ion  system 

f o r  purchased power from a nearby hydroe l ec t r i c  s t a t i o n .  Main power 

t ransformers  reduce 115 Kv supply t o  13.8 Kv f o r  in-plant d i s t r i b u t i o n .  

No power is  generated i n  t h e  b o i l e r  house, but two gas-turbine 

a l t e r n a t o r  sets a r e  provided f o r  e s s e n t i a l  s e r v i c e s  i n  case  of main 

supply shut-off.  

3 
Waste water lagoons: Three ponds r ece ive  about 4 mi l l i on  m of s l u r r y  annual ly ,  

of which about 70% is  recovered a s  pond wafer. The remaining red mud 

3 
amounts t o  740,000 m a t  about 70% s o l i d s  by weight. 

Miscellaneous cons t ruc t ion  f a c t s :  

p l a n t  a r e a  800,000 m 
2 

excavated volume 3,000,000 m 3 

concre te  poured 93,000 rn3 

s t r u c t u r a l  steel 25,000 m t  

tankage steel 24,000 m t  

l eng th  of conveyors 6,000 m 

e l e c t r i c a l  c ab l e s  325,000 m 

instrument cab les  485,000 m 

number o f  equipment items 1,000 

number of motors 1,480 



11. C , 2  Aluminum Smelter 

P l an t  l oca t ion :  Boyne I s land ,  Aus t r a l i a  

P l a n t  owners: Comalco Ltd. (consortium) 

Start-up: February 1982 

Output: 206,000 mt/yr aluminum 

Furnaces: Two p o t l i n e s ,  wi th  240 c e l l s  each 

Technology: Sumitomo low-density furnace (LDF) 

Alumina source: Obtained from a r e f i n e r y  a t  Gladstone v i a  an 8-Km-long 

overland conveyor system. 

Raw mater ia l s :  

412,000 mt/yr alumina. 

80,000 mt/yr petroleum coke (imported from US) 

12,000 mt/yr f u e l  o i l  

20,000 mt/yr p i t c h  

12,000 mt/yr f u e l  o i l  

E l e c t r i c i t y  supply: coa l - f i red  power s t a t i o n  a t  Gladstone 

Work force :  Almost 1000 permanent opera t ing  and shipment employees. 

Product shipment: Ingots  a r e  trucked 9 Ism t o  a wharf where a s p e c i a l l y  b u i l t  

bu lk  v e s s e l  w i th  f u l l  open hatches,  squared holds ,  and two deck- 

mounted gantry c ranes  load them f o r  shipment t o  Japan. Metal des t ined  

f o r  t h e  US is  shipped i n  banded p a l l e t s  r o l l e d  onto v e s s e l s  equipped 

wi th  side-loading ramps. 



II.C.3 Aluminum Smel ter  

P l a n t  l o c a t i o n :  J e b e l  A l i ,  Dubai 

P l a n t  owners: Dubai Aluminum Company (80% owned by t h e  government of Dubai) 

Star t -up:  1980 

Output: 135,000 mt /y r  

Layout: See F i g u r e  1I.C-2 

Alumina: Imported from A u s t r a l i a  

Power s t a t i o n :  515 Mw gas - f i r ed  s t a t i o n  t o  b e  f u e l e d  by 3,150,000 cu.m. 

p e r  day d r y  g a s  o r  by 2,888 mtpd of  d i s t i l l a t e  a s  back-up f u e l .  

Waste h e a t  from t h e  power p l a n t  is  t o  be  used f o r  a d e s a l i n a t i o n  

p l a n t  producing 25 m i l l i o n  i m p e r i a l  g a l l o n s  of f r e s h  wa te r  d a i l y  

from t h e  P e r s i a n  Gulf. . 
Smel t ing c e l l s :  S i x  p o t l i n e s ,  each of which w i l l  measure 380 mete r s  x 20 mete r s  

Work f o r c e :  1750 workers 

FIGURE 11. C-2 

LAYOUT OF D U B A I  ALUMINUM SmLTER 

Source:  Engineer ing and Mining J o u r n a l ,  November 1983. 



II.C.4 Aluminum Smelter 

P l an t  loca t ion :  Mount Holly, South Carolina, USA 

Owners: Alumax Inc.,  (50% Amax, 45% Mitsui ,  5% Nippon S t e e l )  

Start-up: 1980 

Furnaces: Alcoa technology. Two p o t l i n e s  of 180 c e l l s  each, housed i n  

two 800-meter long bui ld ings  

Output: 197,000 sho r t  tons lyr .  

Alumina source: Aus t r a l i a  

Alumina r ece ip t :  One 35,000-short ton shipload per  month is  received 

a t  t h e  Alumax terminal i n  North Charleston, unloaded from t h e  holds 

of t he  sh ips  by pneumatic vacuum a t  a  r a t e  of 400 tph, and s tored  

in t w i n  s i l o s ,  each wi th  a  capac i ty  of 35,000 m t .  

S i t e  a rea :  P l an t  is located on a 300-acre s i t e  wi th in  a 6000 a c r e  t r a c t  

Construction time: 21 months from ground-break 

E l e c t r i c a l  energy cos t s :  $62.4 mi l l ion /yr  reported.  

Environmental cont ro ls :  Tota l  expenditures reported a s  $40 mil l ion.  More 

than 3 b i l l i o n  cubic f e e t  of a i r  per day a r e  cleaned a t  e f f i c i e n c i e s  

of over 99%. 

Product: Five bas ic  ingot  shapes - T-shapes, r o l l i n g  ingot ,  ex t rus ion ,  

b i l l e t ,  50-lb. pure aluminum ingot ,  and 30-lb. foundry ingot .  

Work force :  700 employees. 



II.C.5 ~auxite/Alumina/Aluminum Complex 

Location: S t a t e  of Or i ssa ,  Ind ia  (see Figure 1I.C-3) 

S ta r tup :  Scheduled f o r  1986 

Bauxite: 2,400,000 tons per year of low alumina baux i t e  mined a t  Panchpatmali, 

where l a r g e  r e se rves  (400 mi l l i on  tons)  were discovered i n  1975) 

Ore t r anspo r t :  Bauxite w i l l  be moved t o  an alumina p l a n t  v i a  conveyor b e l t .  

The b e l t  w i l l  be 14.5 ki lometers  long and provide a 140 meter drop 

i n  e leva t ion .  Capacity w i l l  be 900 tons  per hour wi th  a speed of 

2.25 m/sec. B e l t  width w i l l  be 950 mm. 

Alumina p l an t :  Located near t h e  town of Koraput, t he  p l a n t  w i l l  have a 

capac i ty  of 800,000 tons  per year.  About ha l f  w i l l  be moved by r a i l  

t o  t h e  p o r t  of Vishakhapatnam f o r  fore ign  export.  The r e s t  w i l l  

be t ranspor ted  t o  a new smelter loca ted  i n  Angul, 500 Km t o  t h e  north.  

Aluminum smelter :  The Angul s i te  was chosen because of i t s  proximity t o  

l a r g e  c o a l  reserves ,  which w i l l  supply a 600 Mw power p l a n t ,  whose 

output  w i l l  be used f o r  smelter ing 218,000 tons of primary metal 

annually.  The smelter  w i l l  con ta in  480 po t s  and w i l l  be f i t t e d  wi th  

an advanced fume treatment system f o r  t r e a t i n g  4 mi l l i on  cubic  meters 

per hour of exhaust fumes. 
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FIGURE 1I.C-3 

LOCATION OF PROPOSED INDLAN ALUMINA PLANTAND SMELTER 

Source: S t a f f  



II.C.6 Se l f -d i scharg ing  Alumina C a r r i e r  

Owner: TNT Bulkships  

Bui lde r :  H i t a c h i  

Year of b u i l d :  1983 

Discharge r a t e :  1000 tons lhour  

Vessel c h a r a c t e r i s t i c s :  

Length, o a  189.0 m 

Length, bp 180.0 m 

B e a m  (mld) 29.4 m 

Depth 16.3 m 

D r a f t  - des ign  10.0 m 

- s c a n t l i n g  10.15 m 

Displacement 44,150 t 

Deadweight 34,000 t 

Cargo holds:  Four ho lds  p rov id ing  a t o t a l  c a p a c i t y  of 41,100 cub ic  mete r s  

3 
w i t h  a non-aerated bu lk  stowage of 0.993 t / m  . 

Dust c o n t r o l :  S p e c i a l  a t t e n t i o n  was paid  i n  t h e  s h i p ' s  des ign  t o  l i m i t i n g  

t h e  h e a l t h  hazards  and environmental  nu i sances  a s s o c i a t e d  w i t h  

alumina. The se l f -unloading system is f u l l y  enclosed t o  c o n t a i n  t h e  

l a r g e  amount of alumina d u s t  generated dur ing  handl ing.  A l l  

mechanical ly  v e n t i l a t e d  spaces  aboard t h e  v e s s e l  a r e  provided w i t h  

f i l t e r s ,  and a l l  a i r  f o r  t h e  main engine room i s  drawn through an  

a i r  washer. A i r  washers a r e  a l s o  i n s t a l l e d  on t h e  a i r -cond i t ion ing  

i n t a k e s .  These washes have wate r sprays  ("cur ta ins")  followed by 

i n e r t i a l  vanes t h a t  e f f e c t i v e l y  wash alumina d u s t  p a r t i c l e s  o u t  o f  

t h e  e n t e r i n g  a i r .  



Cargo loading:  Alumina i s  loaded by a  t r a v e l l i n g  g a n t r y  l o a d e r  r a t e d  a t  

1500 tph.  The g a n t r y  h a s  a  boom from which a  t e l e s c o p i c  c h u t e  hangs 

down i n t o  t h e  hold.  

Cargo d i scharge :  Cargo hold  bottoms a r e  s loped a t  8 degrees  towards a 

c e n t e r l i n e  t u n n e l  which extends  t h e  f u l l  l e n g t h  of t h e  ca rgo  space.  

The bottoms a r e  covered w i t h  a e r a t i o n  pane l s  t o  reduce t h e  

r e q u i r e d  s l o p e  angle .  (Aerated alumina was found t o  r e a d i l y  

f low down a s l o p e  of 8 degrees ,  whi le  i ts  normal a n g l e  of repose  is  

29 degrees . )  Bottoms a r e  a l s o  s loped i n  t h e  f o r e  and a f t  d i r e c t i o n  

t o  p rov ide  a  low p o i n t  a t  t h e  mid l e n g t h  of each hold.  A t  t h e  o u t l e t  

from each ho ld ,  p o r t  and s t a r b o a r d ,  t h e r e  is  an  e l e c t r i c a l l y  opera ted  

r o t a r y  f low c o n t r o l  g a t e ,  which c o n t r o l s  f low and s e r v e s  a s  a  shu t -  

o f f  device .  (Manually opera ted  s l u i c e  v a l v e s  upstream of each . 
r o t a r y  v a l v e  a l l o w  f low shut-off  i f  maintenance i s  r e q u i r e d  on t h e  

r o t a r y  v a l v e s . )  The r o t a r y  v a l v e  opening i s  r e g u l a t e d  by a  s i g n a l  

from a b e l t  we igh te r ,  which p rov ides  a  moni tor ing system. 

Alumina from t h e  ho lds  is  c a r r i e d  a long  t h e  c e n t e r l i n e  t u n n e l  by two 

conveyor b e l t s  t o  a  main c o l l e c t i o n  p o i n t  amidships.  To r a i s e  t h e  

alumina from t h e  c e n t r a l  c o l l e c t i o n  p o i n t  t o  a p o s i t i o n  h igh  enough 

t o  a l l o w  d i s c h a r g e  ashore ,  v e r t i c a l  bucket b e l t s  were adopted.  

The two h o r i z o n t a l  conveyors, .  running from t h e  two a f t  and two forward 

ho lds  r e s p e c t i v e l y ,  are r a t e d  a t  500 t p h  each. The 33 m e t e r  h i g h  v e r t i c a l  

b e l t  conveyor (146 KW) o p e r a t e s  a t  2.5 m / s  and has  a  d i s c h a r g e  c a p a c i t y  

of 1000 tph.  

An a e r o s l i d e  w i t h  a  swivel  boom supported on w i r e s  from t h e  v e r t i c a l  

b e l t  s t r u c t u r e  is  used t o  t r a n s f e r  t h e  alumina shores ide .  
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TABLE 1 I . D - 1  

WORLD PRODUCTION OF BAUXITE 
(Thousands of  Short  Tons) 

1978 1979 1960 1981 1982 

Unlted States* 1,839.8 2,007.3 1,718.5 1,664.5 759.5 

Halt1 704.4 617.3 508.2 594.1 622.4 

Jdmalca* * 12.936.5 12,682.1 13,298.3 12.793.4 9,000.0 

Dominican Republ ic 637.1 577.7 562.7 446.9 175.0 

Brazi 1 1,246.3 1,810.2 4,577.2 5,139.1 4,960.4 

Guyana 3,834.9 3,697.1 3,364.3 2,102.1 2,102.2 

Surrnam 5,636.1 5,226.1 5,404.7 4.415.9 3,374.2 

TGIAL AMERICA 26,835.1 26,617.8 29,433.9 27,156.0 20.993.7 

France 2,180.1 2,171.0 2,085.0 2,014.5 1,914.7 

Greece 2,936.3 3,181.7 3,320.2 3,545.4 3,301.0 

Italy 26.9 28.8 25.7 20.9 33.0 

Spain 11.0 9.0 11.0 11.0 11.0 

Yugoslavia 2,828.5 3,320.2 3,459.0 3,581.4 4,043.3 

TOTAL EUROPE 7.982.8 8.710.7 8.900.9 9,173.2 *9,303.0 

India 1,833.1 2,150.8 1,967.3 2,119.3 2,043.4 

Indonesia 1,110.8 1,159.6 ' 1.376.8 1,326.3 809.3 

Malaysia 678.0 426.0 1,014.6 772.6 649.3 

Pakistan - 1.1. - 2.4 4.1 

Turkey . 494.9 173.5 576.5 557.1 533.0 

TOTAL ASIA 4,116.8 3.911.0 4,935.0 4,777.7 4,039.1 

Guinea 12,839.7 16,151.8 14,800.8 14,145.6 14.145.0 

Ghana 363.7 235.6 217.0 276.7 350.0 

Sierra Leone - 789.3 749.6 844.4 674.1 674.0 

Zimbabwe 5.5 5.5 ' 4.4 5.5 5.6 

TOTAL AFRICA 13.998.2 17.142.5 15.886.6 15,101.9 15,174.6 

Australia 26,777.9 30,405.0 29,959.7 28,044.3 26,037.7 

SUBTOTAL 79,710.8 86,787.0 89,096.3 84,253.1 75,548.1 

U.S.S.R. 7,385.5 7,165.0 7,065.8 7,065.8 7,054.8 

Hungary 3.196.7 3,280.5 3,251.8 3,212.1 2,895.8 

Ruman 1 a 780.4 782.6 782.6 749.6 749.6 

China 1,543.2 1,653.5 1,873.9 1,929.0 1,929.0 

SUBTOTAL 12,905.8 12.881.6 12,963.1 12,945.5 12,629.2 

TOTAI. 92,616.6 99,668.6 102,fi59.4 97,198.6 88,177.3 

Dr~ed equivalent of crude ore. **  Dry tons. 

Source: American Bureau of Metal S t a t i s t i c s ,  Inc. ,  U.S. Bureau of Mines, 
Me ta l l ge se l l s cha f t  AG, World Bureau of Metal S t a t i s t i c s ,  and var ious  
o the r  sources .  



TABLE 1I.D-2 

WORLD PRODUCTION OF ALUMINA* 
(Thousands of Shor t  Tons) 

- -  -- 

LY78 1979 1980 1981 1982 

Unl ted States** 6,757.2 7,330.4 7.749.2 6,823.2 5,929.3 

Canada 1,161.4 908.4 1,325.0 1,331.4 1.330.0 

Jamaica 2,360.0 2,286.0 2,640.1 2.762.4 1,900.0 

Brazil 478.4 495.0 543.4 572.0 570.0 

Guyana 275.6 308.3 326.6 220.7 220.0 

Surinam 1.388.9 1.445.1 1,587.0 1,376.7 1,375.0 

TOTAL AMERICA 12.421.5 12.773.2 11.171.6 13,086.5 11.324.3 , 

France 1,345.8 1,365.2 1,476.4 1,362.3 1,200.0 

Germany, F.R. 1,714.1 1,696.3 1,772.5 1 ,'819.9 1,819.0 

Greece 526.5 546.4 556.3 552.9 552.0 

Italy 902.2 941.5 992.5 866.9 886.0 

Spain - - 68.5 766.3 766.0 

United Kingdom 103.6 97.1 112.4 99.6 98.0 

Yugoslavia 547.3 923.0 1,166.7 1,143.3 1,213.0 

TOTAL EUROPE 5,139.5 5,568.5 6,145.3 6,611.2 6,534.0 . 
India 538.0 551.3 544.5 538.6 539.0 

Japan 1,947.8 2,008.4 2,444.9 1,785.1 1,700.0 

Taiwan 56.5 ' 65.0 88.0 21.1 21.0 

Turkey 81.7 82.7 151.6 144.8 144.0 

TOTAL ASIA 2,624.0 2,707.4 3,229.0 2,489.6 2,404.0 

Australia 7,468.9 8,173.2 7,987.9 7,803.3 7,306.8 

Papua New Guinea 685.2 729.7 780.8 748.4 610.0 

TOTAL OCEANIA 8,154.1 8,002.9 8,768.7 8,551.7 7.916.8 

SUBTOTAL . 28,339.1 29,952.0 32,314.6 

L7.S.S.R 3,637.6 3,527.4 3,582.5 

Czechoslovakia 99.2 99.2 99.2 

Germany, D.R. 41.9 45.2 47.4 

Hungary 865.3 901.7 918.2 

Ruman la 494.9 553.4 588.6 

Chlna 771.6 771.6 771.6 

SUBTOTAL 5,910.5 5,898.5 6.007.5 

TOTAL 34,249.6 35,850.5 38.322.1 

* Alumina hydrate. * *  Calcined alumina. 

Source: American Bureau of Metal  S t a t i s t i c s ,  Inc . ,  U.S. Bureau of Mines, 
M e t a l l g e s e l l s c h a f t  AG, World Bureau of Metal  S t a t i s t i c s ,  I n t e r n a t i o n a l  
Primary Aluminum I n s t i t u t e ,  I n t e r n a t i o n a l  Bauxi te  Assoc ia t ion ,  and 
o t h e r  sources .  



TABLE 1I.D-3 

WORLD PRODUCTION OF PRIMARY ALUMINUM 
(Thousands of Short Tons) 

- 
~ : * i n  - - - -- 1979 I'JblI 1981 IYOL 

U I I I L ~ ~  StaLcb i . a ~ I 4  u 5 .023.0  5.130.U 4 ,948.0  3 .b05.0  

1 .~nd(tn I ,  1 5 5 . 8  Y:,i.O 1.1114.4 1.229.8 1.173.7 

Y e r r ~ o  47.5  47. ti 47.0 4 7 . 6  45.3 

A r y r ~ ~ t  l o r  54.5  130.5  146.7 147.6  151.5 

b ~ . n ~ . r u c  I r  - i82.3 225.6  349.5 344.1 200.0 

1'111 6 1  AYLI<ICA --- 0 , 1 2 2 . :  b :  7 1 5 . 4  7.U45.2 ' 5.545.9 

A u u t r I a  100.8 1 0 2 . 1  104.1  103.8 103.9 

F r a n c e  431.4 435.5 478.1 4UO. 2 430.3 

Lrrmany, P.M.  1115.3 817.8 805.5  803.5  800.0 

Greece  1511.6 155.2 l b 0 . 5  161 . O  148.7 

l c e l a n d  8 1 . 4  79.5 82.5 82.2 8 2 . 9  

I t a l y  298.5  2W.B 198.8 187.1 255.5 

l e t h e r l a ~ d s  285.7 281.8 284.6 288.7 276.6 

n 0 - a ~  724.1  742.4 729.4 701.2 702.1 

S p a i n  233.8 286.0 426.0 437.2 402.6 

Swwden*. 90.4 90.4 89 .9  91.2 86.0 

S w l t z s r l a o d  87.8 91.5 95 .1  90.8 83 .0  

U n ~ t r d  K ~ n y d a  381.8  396.3 4 l a . 7  373.9 285.4 

Yuyos lavla  194.0  184.9 1 7 7 . 8  190.4 200.0 

T5511. L U U P E  3.6b3.1 3.960.1 4.143.2 4 , 1 0 1 . 0  5 , 6 3 7 . 0  

8mi1r.10 135.4 139.0 139.3 155.8 188.5 

Dubai - 38.8 117.6 118.1 

10dl. 

1 r a n  

J a p a n  

South Kona 
Ta  wan 
Turkey  

TCITAI. AbIA 

C a u r o o n  

N r w  'Lealand 

U.S .S .R.  

C z u c h o o l o v a k ~ a  

Lerunny. O . R .  

Hunyary 

M 1 a n d  

Rumanra 

Cblna  

North Korea 

S L;t(M*L 

TVl AL 16 ,271.5  lb .723.6  17.G07.1 17 .287.8  15.087.2 

* Luyor tb .  * *  Includmm a l l o y * .  

Source: American Bureau of Metal S t a t i s t i c s ,  Inc. ,  U.S. Bureau of Mines, 
Meta l lgese l l schaf t  AG, World Bureau of Metal S t a t i s t i c s ,  and var ious  
o ther  sources.  



TABLE 1I.D-4 

WORLD CONSUMPTION OF PRIMARY ALUMINUM 
(Thousands of Short Tons) 

Yea~co 91 . I  109.8 116.5 109.8 110.0 

AryrnL 111. 6c.7 8Y.4 65.6 57.7 72.0 

Culumbla 19.2 18. 1 14.9 15.7 15.0 
nran I l 2bU.7 283.4 314.0 265.5 240.0 
Prru 5.5 7.7 8.8 11.0 11.0 
VU~SC.LUL. I a 76.1 81.6 80.3 81.1 70.0 

OIher Awrtc'a 18.1 19.8 27.6 28.7 25.0 -- 
TOTAL AMERICA 6.3YO.i~ ti.515.7 5.889.ti 5,444.7 4,639.7 
Auutrla 118.0 123.2 112.0 118.2 115.4 
L ~ ! l y i u m  282.9 266.8 256.7 237.3 266.1 

Dvnw r k  8.0 12.2 16.4 12.0 14.4, 
Ilnland 23.0 29.8 17.8 33.0 24.0 

Fra~~ca 587.1 65ti.Y 602.4 593.8 617.0 
Germmy. F . R .  1,049.7 1.177.0 1,148.0 l.lZd.3 1.103.2 
Greece 75.0 84.3 94.2 72.8 60.0 

Iceland 0.1 0.2 0.1 0.1 0.1 

Irmlrnd 4.4 6.0 3.6 3.3 3.0 

Italy 445.3 403.8 504.9 455.3 434.0 

N~lhmrlaada 104.4 110.3 117.1 87.7 100.4 
Norway 02.8 107.5 130.5 122.6 117.0 

Portuyal 

Spain 

%don 

Swlrzerland 

Unlred Klngdar 

Yugomlavlr 175.0 180.8 185.4 183.0 196.0 

TOTAI. LUHOI'E 3.916.0 4.227.5 4.278.6 3.887.3 3.951.2 

8ahra1n 11.0 13.0 20.0 19.1 15.4 
Mony Kong 25.2 27.0 33.2 23.8 24.0 

India 228.4 233.6 257.7 275.0 280.0 

Indonmaia 13.8 16.8 15.5 15.4 15.0 
I ran 58.9 '25.5 25.0 29.1 30.0 

I raq 8;8 3.1 18.4 29.1 30.0 

Israel 26.7 22.0 21.3 10.5 11.0 

Japan 1.825.5 1.987.9 1.806.7 1.726.9 1,814.4 

South Korea 116.6 103.9 84.9 112.0 120.0 
Lebanon 14.8 17.0 17.4 12.9 12.0 

Yalays~r 16.0 26.6 27.6 27.6 28.0 
Pllllpplnes 18.5 31.3 18.8 18.7 19.0 
Trlwrn 99.1 120.2 101.3 85.8 80.0 
Tbrlland 37.1 47.3 49.4 49.6 50.0 

Turkey 49.6 49.4 40.6 82.2 82.1 

Other Anla 21.4 27.1 39.1 30.1 30.0 

TOTAL ASIA 2.569.2 2.751.7 2,583.9 2,547.8 2,640.9 

C-roon 26.2 20.7 32.5 30.5 30.6 

~ U Y P ~  35.3. 38.6 44.1 40.6 50.0 
Ghana 6.6 6.6 6.8 6.8 7.0 

South Afrlca 56.1 60.6 88.6 84.7 76.2 

Othmr Africa 22.0 14.6 33.0 21.4 23.0 

FOTAL AIRICA 140.2 150.1 201.8 193.8 186.8 

hatra~ra 20z.d 257.1 143.8 2.58. 8 133.8 

l a  Lerlrnd 2L.5 27.7 28.1 28.8 11.6 
l J b h * . r  Au- 1 r&l a-IU 1 .O  

NLAI. AUbTRAL.AbI.\ 228. I 2b4.L) 260.Y 287.4 255.1 

SUMWTAL 13.258.5 13.WO.O '13.223.8 12.361.0 11,673.7 



TABLE I1.D-4 (Cont'd) 

- -  - 
I Y Y e  I Y ; ~  1980 1981 l YbZ 

(1UIIRTIU l l . lSY.5 13 .W.O '13.223.0 12.3Y1.0 11.075.7 

U.I.S.I. 1,017.1 1.066.1 ' 1.030.3 1.060.3 2.080.3 
AICula  1.7 1 .1  2.a 1.1 1.1 
h l y a r  I. 51.8 5a.o 56.1 S5.1 55.1 
Cuba 1.1 1.3 1.3 1.7 1.7 
Czrcho.lovrk1a 145.3 837.1 144.7 137.1 137.0 

ammany, D.P. 248.0 253. L 113. L U4.0  364.4 
I Y I I I ~ ~ Y  1 ~ 7 . 1  183.4 1aa.n 187.0 157.0 
h l a o d  170.4 l I 7 . 4  176.4 l M . 8  1M.b 
-La 101.5 167.0 162.0 154.3 154.3 
QIma 017.3 (139.3 608.3 017.3 617.3 
Otb-r Couorrioa 31.1 W.6 30.0 36.6 =.a 
Urn AL 3 . 6 0 0  ? I 4  3.061.2 1.036.0 3.6Y.O 

Source: American Bureau of Metal S t a t i s t i c s ,  Inc. ,  U.S. Bureau of Mines, 
Meta l lgese l l schaf t  AG, World Bureau of Metal S t a t i s t i c s ,  and 
var ious  o ther  sources.  



TABLE 1 I . D - 5  

ALUMINUM INGOT PRODUCTION CAPACITY 
E n d  of 1982 - S h o r t  T o n s  

---- 
C'AL~ . , n~  I.*h a 1 1,181 c o t  Pli~lit Aianuu l Cdyuc lty 

UN ITLL b'rAl'ts 

AIunlnum Cmpan) af Au~rrl~a tv~nsb I lle. IN 292. UUO 
Rndln. NC 126, BOO 
Uab*vnr. NY 216. UOO 
A 1 <.$la . TN 220, SUO 
Anderbon County. TX 16.5UU 
Point Comiort. TX 158,LUO 
R ~ ~ ~ k d n l e .  TX 341.7UU 
Vrncouvrr. WA 121.LUO 
Wrnntchee, WA 2Yll.~d)O 
Subtotal 1,725.000 

A1~11.>. 
kurtdlco t 5llZ lntrrest) FreJrlck, M 88,200 
I I I L ~ I L O  (5~11 lnlerdrt) Br~~lrlynam. WA 140,UUO 
South Carol~nu ~ t .  ~olly. sc ! 97.000 

Yubtotal 425.100 

AHC'LI Aluml~~um. Divib~on of 
A D  Yrrala Culunbra Falls. YT 1 do. 000 

Sebree. YY ldO.000 
Subtotal 360,000 

Conwlldated Aluminum Cory. New Johnbonvllle, TN 146,000 
L-ke Charles. LA 36,UUO 
Subtotal 182.000 

n011~L.t Corp. 
Eustalho (501 interest) frederlck, YD 88,200 
Iaralco (50X intorem;) Bellingl~u. IA 130,500 

Subtotal 218,700 

K ~ ~ s e r  Aluminum L Cbmical 
Gorp. Chalutte, LA 260.000 

Yead, I* 220.000 
Tacoma, WA dl ,000 
Raveasrood. WV 163,000 
Subtotal 724,000 

Ylrtln Yarlerra Aluminum Inc. The 0alles. OR 90.000 
Goldendale. WA !d5,0u3 
Subtotal 275.000 

NmLional-Soutbwirm Aluminum 
Co. Hamville, KY 180.000 

loranda Aluminum Inc. N& yldr\d, Y) 225.000 

O r v t  Corp. -H.nnrbal, OH 250,000 

Irvoro Coppor L Brum Inc. ~cottsboro. *L 120,000.. 

bymold8 moral CO. ~imrerhiil, *L 202.000 
Arkadelphia. AT 68,000 
Jones Mills. AX 125.000 
Yrcsena. MY 126,000 
Trwtdalm. OR 130.000 
San Patrlcio. TX 114,000 
b n g v i a ,  IA 210.000 
Subtotal 975,000 

5,659.900 

CANADA - 
Kitlut. Brit iuh C o l W l a  295.000 
Arvlda. Quebec 476.000 
Beaubarnois, Quebec 52.000 
Crandm Bale. Quebec 188.000 
Isle Imllgne, Quabee 80,000 
Sbarlnlgan, Quobac 93.000 
Subtotal 1,184,000 

C~nrdrrn Rryi~oldr Yetrl 
Cllsuany , Llmlrrd h i e  Coaau, Quebec 175,000 

XIPAL 1,359,000 

~ ~ I C O  

Alulolo. S.A. Do C.V. Veracruz 45.000 

SOVTn MEHICA 

Argmt Inn 
Alurlnlo Argontino (Aluar) Puorto Hadryn .' 140.000 

Braz I 1 
AlrrPlnln DO Braril 

Nordarte. Y.A. AraLu 28.090 
Aluminlo Do Brarll. Y.A. Sarunha. Ylnar Garaia 60.000 
Cia. Iraallrlra Ds Alwlnlo Yorocaba. Sao Paulo 113.000 
Chmpanhla Ylnclra Urn 

Alurrnto-Alcmlnas Pocos dm Caldu 90,000 
Our I n u  

Burrnsm Alualnum 
Cwpany (Yuralcol Parmnu 68,000 

Vwoazuelm 
Altnlnlo UI1 Caronl. Y.A. 

(Alcabml Yatenrar. Ciudvl Guyana. 
kt* -1l.u 7.. a90 

Industrla Voswrolala do 
~ l u ~ s t o  C.A. (Vrmalu) Usrwasu. Cluhd O u y u a ,  

h .  1.M W~liVilC 280,000 

Alcan Smelters and 
Chom~cals LLd. 



TABLE 1I.D-5 (Cont'd) 

- 
L < n l l 4 &  .&l.Y l . L s <  d1 l k > l 6  0 f  p1~18l Annual Capacity 

LUHOYE 

Aublrlr 
5 . 1 L h u r j c . r  Aluminum- 

l i < . ~ c .  . ~ < I ~ . I I I  m.b.H. Lend. Sal~burg 12,000 
~ e l ~ ~ l n ~ & l r  Y+~l:~llrt 1.h.: 

I ~ , l , i . . l , . . ,  ,-0,- ll. 1,11111, 1 
Akl I * . I I G C ~ C . ~  lbchalt I Braunau-Ranshulcn 82,500 

C z r k  h r ~ b l t  V Y ~ I .  

Liar Alumrnum l'lant -.ar on River Hroo 80.000 
Franc r 

A ~ ~ ~ I I I  ~ u m  1's.t 11 Iney 
( P . L . Y .  Gruup) I 'argent lura?. Hauler-Alpss 40.500 

Au~nt. Arlryc 44.500 
h.aI,~rt. Arlryu 24.300 
li I nul>rroux , 1 -tare 24.700 
Nugurrcs (Bubseb Pyrcneeh) 113.500 
Lrnnr.mrznn, Hrulrn-Pyrensee 43.500 
La Snuuaaz, Savole 9.200 
La Praz. Srvoic 4,100 
S-lnt-Jean-Do Yaurienne, Savoie 47.800 
Venthon, Srvole 31,000 

Germany 
Alcan Aluninlumwerke 

G.m. b .  H. LudwigrbafenlRb. 44,000 
Alumlnlum-Huttr 

Hbtrnfalden G.m.b.H. Rheinfelden. Baden 64.000 
H A W  Hamburger Aluninlum- 

Werk LI-urg 100,000 
Kaleor A l u i o i w  L u m p  

Ioc. Schlaumenetramoe 4223 Voerdel 
Wlederrbeln 72,000 

Lelchtnttall-Groellscbaft 
m.b.n. Ensen-Borbeck 133,000 

Verelnigte Aluminium-lerke 
A.G. Torging. Bavaria 80.000 

StrdelHambury 65.000 
StuettgenlWeuss. Rhineland 165,000 
Luanen, lesrphalla 35.000 

Grrruny. D.R. 
Lautawerk hut. 30,000 
V.E.B. Elektrocheuuche. 

Kombinat Bit terield. 55,000 
Greece 

Alumlniw De Grece Ustoron, Boeotia 150,000 
Yungary 

stare h e d  ~ i m t .  ~ j k a  17,250 
Inoca 35.000 
~eluog.lk-~ot ia 15.000 

Icelrnd 
Icrlandrc A l w l n i w  
Company Ltd. Srraumovik Hafnarfjordur 88.000 

Italy 
Soc. A l l u m ~ n ~ o  Veneto Per 

Azioni (S.A.V.A.) Fua~na. Venezia 30.000 
Porto Yarghera, Veoezla 30.000 

Allumlnio I r a l ~ a  Bolzaoo 36.000 
Porto Vesme (Cugliari) , 125,000 
Yoro (Trento) 21.000 
Pumina (Venazla) . 35,000 

MuLhrrIandb 
A l u m r n ~ w  Delfzijl B.V. DrlfzlJl W3.750 
Prchlnry Wederland B.V. Vlinrin#en 

lorray 
170.000 

A13 Ardal Og Sunndal Verb Ardrl 185,000 
Hoyanysr 25,000 
Sunndalmora 122,000 

Don Alwlnium A19 Eydrhavn 17.600 
Tyaradal 30.100 

Elkem Alum~nlum AlS k Co. YOrjorn 85,000 
Llata 01 Yorfoeo 

Al~nlnlumv~rk Lirra 55.000 
Uorrk Hydro a.r. Ka-y 

Tabrikkmr Karmoy. Haugemund 160,000 
Sor-Yorge Aluminw AIS Ilueore 70,000 

kl.nd 
Con truzap Konrn 49.000 
Skawina Alumrnlw lorkr Skawlna 40,000 

L v r n  ra 
State Owned PIantu Slat in. (On 01t illcer) 108,000 

Trrnavena (Nortb of Slbiu) 
Spa ln 

30.000 

Aluminlo de Gallcia S a b ~ n a n l ~ o .  Huanco 14.000 
La Coruna (La Grala) 76.000 

Lbprrza Na~1on.l Do1 
Alwinro S.A. Avllor (Ovledo) 100,000 

Sam Clprlam l&Y,OOO 
V.ll.lol1d m,oOcJ 
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SwuJcn 
( ; r r t ~ y r >  Alumlfitlw At) Sunduval 1 89.000 

S ~ l l c ~ r l r n d  
Swlua Aluminlu Ltd. Chll~pla.. Vslals 28.000 

Sley. Valale 48, 000 
Ubinr d0A1umlnrum Martigny 

S.A. Yartlgny, Valals 10,000 
Ulllun 0 1  S'8blt.t S~rcralrat 
Hr~lubllcs (Luroyau~a and 
AIS1.f 1C) 

Stale 0w11eJ Works Bratsk 800,000 
Kamrnsk (Urals) 140.000 
Kanrker (Near Orivan. Armenla) 75.000 
Krn~lu lahbha (Kola Yonlnsula) 30.000 
Kraallo-Turlnhk, Uoyunlavuk 140.000 
Krurnoyarrk (I. Slbaria) 300, O W  
N.odv~~ll hy (Karelln) 35,000 
N ~ v ~ k u u n a t ~ k  (1. Slburial 125,000 
Pavlodar (1. Siberia) 200.000 
Regar 40,000 
Shellkhovo (Near Irkutmk, 6 .  Siberia) 275.000 
S m ~ a l t  (Near B d u )  75,000 
Volyoyrrd 150,OW 
Volkhov (Near Lenlnyrad) 18,000 
Zaporozhye (On River Onleper) 

United Kll~ydcn 
Anglesey A l w l n i w  Metal 

LLd. Hol yhoad 113.000 
Brlflrh A l c u  Aluminium 

LLd. Kinlochleven 10,000 
Lochaber 3L),000 
Lynrouth 125.000 

Yuyoblavla 
Alumlnr and Alumlnlum 

Morka. 'Boris Kldric' Kidricevo (SR Slovenia) 48,000 
Kml~lnat Alwlnljuma Titosrrd 100,000 
T.L.Y. '84rlu Kldrrc' 

Lisht Moral Yactory SlbenlklLozovac 10.000 
Sihanlk/Ruine 75.000 

AUSTRALIA 

Alean Awtralla Limited Kurri Kurri, WSW 90,000 
AIcoa of Australia Llmlted Point Henry. Victoria 168,000 
C a r l c o  Alulnlum (Be11 

b y )  LLO. 8.11 Bay 112.000 

NEW WLIM) 

h w  Zealand Alrulniu 
Srltera Lta. T i n 1  Pdint 150,OoQ 

ASIA - 
Tarwan (Republic 01 China) 

T&lr.o A l w l n l w  Corp. Kaobriung, Talwao 50,000 
Indlr 

A l w & o l w  Corporation of 
India. LLd. Jaykaynugar. h u t  Bengal 10.000 

Bharat A J w l n r w  Korba, U d b y a  Prrdemh 100,000 
Ylndumtan Alumlnlw Corp. 

LLd. Renukoot. Yrrzapur; Uttar Prademh 120,000 
Indlan Allvlnrum Capany 
Ltd. Alupuru. Kerala 20. O W  

&Igaw. Yyrore 73,000 
lirakud, Orisma 25,000 

The Madras ALuMlniw 
Cmpany. Ltd. Mottur D~cF2.s.. f u l l  Nadu 25.000 

Japan 
Yltrublshl Light Metal 

InOumtrru Limltod Naoetsu 160.200 
Sakalde 147.200 

Mitsul A l w l n l w  Co. 
Ltd. Yiike 163.800 

Nippan Llgbt Y.talm 
Co. Ltd. Kambrra 64.000 

T O P ~ ~ O Y I  7a.000 
Bbora Donko K.K. Chlba 127. J W  

Kltakmta 28.700 
O a u c b i  23.800 

Swlkel A l w l n t w  
Indurtrleb. Ltd. Sakata 98,700 

Sum110)0 Alumlnlum 
SrrlLin~ Co.. Ltd. I rroura 79.000 

KlkUPOtO 0.a. 
Nagoya n... 
Toy- 177.700 
Tooyo OQ.700 

&uth Korra 
A l w ~ o l w  of Korea Ltd. UIean 1S.099 



TABLE I1 .D-5 (Cont 'd)  

L m n y m y  Locat lon Annual Capactty 

Ch11l.r 
btutr Owned Work. Fu.nun (~iaonrlly) 100.000 . 100,000 

AFHIC), 
Cam. r w n  

C l u .  Cam* ~ O U I I ~ ~ I S C  de L o  
~lumtstwn Ptchtney- 
Uylnr (Alucam) Edea 84.000 

Chanr 
VoLtr Alumlnlum C0mp.n~ 

Ltmr tad Temr, Ghana 200,000 
South AIrlcd 

Alubrf ( P t y . )  Ltd. Richards Bay 131.000 

Cuvrrs plant lorarrons at Hofer (Anbwei). Svnmen Gorge (Kansu), Cbangltng 
(L&r&nl, Vuhan (Hupeh). Nanniny (Kwangrl) and Ynnychuan (Shanoi). There 
urr yluna lor pluntb at SIan (Sawnrr) und Kwwlymg (Kwalcnow). 

**nnti 331 intereat in Ormet. Maooibal. Oblo p l u t .  

Source: Non-ferrous Metal Data, 1982,  American Bureau of Metal S t a t i s t i c s  
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I11 

CEMENT 





1II.A Data Sheet 

I11 .A. 1 General 

Cement is manufactured by mixing calcium carbonate  wi th  aluminum 

s i l i c a t e s  i n  a 4 : l  r a t i o ,  and roas t ing  t h e  mixture a t  high temperatures i n  

a k i l n  t o  produce c l inker .  The c l i n k e r  i s  then cooled and ground along with 

about 5% gypsum t o  a f i n e  gray powder. Cement is  an intermediate  bui ld ing  

ma te r i a l  product,  and i s  mainly used ( together  with o ther  raw ma te r i a l s )  in 

forming concrete ,  t h e  most widely used cons t ruc t ion  ma te r i a l  i n  t h e  world. 

Other uses  of cement inc lude  mortar manufacture and s o i l  s t a b i l i z a t i o n .  

There a r e  many types of cement, each one having d i f f e r e n t  p rope r t i e s ,  

t h e  most important being t h e  s e t t i n g  time and t h e  s t r e n g t h  of t h e  produced 

concrete .  The most widely used cement type is "portland" cement, which hardens 

i n  t he  presence of water (hydraul ic  cement). To produce 1 ton of port land 

cement from an 1,000,000 t / a  p l an t ,  the following a r e  required:  

~ i m e s  t one / c ha1 k* 1.1-1.25 t /1 .5  - 1.6 t 

Clays 0.3-0.4 t 

GYP sum 0.05 t 

Energy (on average) 

f u e l  1.07 mi l l i on  kca l s  

e l e c t r i c i t y  120 kwh 

Average i n s t a l l e d  power 19 W 

Area 0.25 sq m 

Personnel 0.0007 (1,500 t /man/ y r  ) 

~ * mix proport ions depend on r e l a t i v e  contents  of raw mater ia l s .  



Cement is a highly energy in t ens ive  product,  genera l ly  requi r ing  

between 1,000 and 2,000 megacalories of energy (both f u e l  and e l e c t r i c a l )  per 

metr ic  ton,  depending upon t h e  s p e c i f i c  manufacturing process. On average, 

82% of t he  t o t a l  energy requirement, is  consumed i n  t h e  k i l n  operat ion.  

There a r e  two types of k i ln s :  v e r t i c a l  o r  s h a f t  k i l n s  which a r e  

e f f i c i e n t  only a t  c a p a c i t i e s  of up t o  100,000 t / a  (account f o r  about 5% of 

world product ion) ,  and modern r o t a r y  k i l n s  with c a p a c i t i e s  exceeding 1.25 

mi l l i on  tons  per  year. Ver t i ca l  k i l n s  may be economical e i t h e r  f o r  small  

p l an t s  mostly i n  developing count r ies ,  o r  t o  be added i n  p a r a l l e l  with o lder  

equipment t o  increase  t o t a l  p l an t  capaci ty.  Two processes  a r e  mainly used 

with r o t a r y  k i ln s :  t h e  wet and dry  processes.  In t h e  wet process ,  the  crushed 

and proportioned raw ma te r i a l s  a r e  ground wi th  water and fed t o  t h e  k i l n  a s  

a  s l u r r y ,  while  i n  t h e  dry process ,  t h e  raw ma te r i a l s  a r e  fed t o  t h e  k i l n  a s  a  

powder. S ign i f i can t  savings i n  f u e l  consumption make the  dry  process  

favorable  (espec ia l ly  i f  combined with modern prehea ter lpreca lc iner  systems),  

unless  i f  t he  physical  and chemical c h a r a c t e r i s t i c s  of t h e  raw ma te r i a l s  

i n h i b i t  i t s  appl ica t ion .  

III.A.2 Cement Shipment 

Cement p l an t s  a r e  always located c lose  t o  l imestone resources,  and 

the re fo re  t he  t r anspor t a t ion  requirements of raw ma te r i a l s  necessary i n  cement 

manufacture a r e  i n s ign i f i can t .  Fuel ma te r i a l s  ( o i l  o r  coa l )  when imported, 

usua l ly  have t h e i r  own por t  f a c i l i t i e s .  However, t he re  i s  a  s u b s t a n t i a l  seaborne 

t r ade  of cement products ,  which can be shipped i n  t h e  form of bulk c l i n k e r ,  

bulk f in i shed  cement, o r  bagged cement. 



Bagged cement has  t r a d i t i o n a l l y  been shipped i n  genera l  cargo o r  

multi-purpose s h i p s  of up t o  15,000 DWT o r  when u n i t i z e d ,  i n  small  bulk 

c a r r i e r s  of up t o  30,000 DWT. 

Clinker  i s  f a i r l y  r e a d i l y  shipped a s  a normal bulk cargo i n  small  o r  

handy-sized bulk c a r r i e r s  of up t o  35,000 DWT, a s  t h e  only cargo-imposed 

c o n s t r a i n t  i s  t h a t  i t  should be kept reasonably dry. 

Bulk cement, however, is  shipped i n  dedicated "cement ca r r i e r s " ,  

because o f :  (a)  i t s  f i n e  powdered form which r equ i r e s  p ro t ec t i on  from t h e  wind 

during loading/unloading, (b) i t s  h ighiy  hygroscopic cha rac t e r ,  (c)  i t s  45' 

angle  of repose which means s t eep ly  raked cargo holds ,  and (d) i t s  stowage 

f a c t o r  of 1 .5  t / c u  m which means t h a t  holds  have l imi ted  capac i ty  f o r  l e s s  

dense cargoes. 

Bulk cement is a t r a d i t i o n a l  short-haul t r a d e  due t o  i t s  low u n i t  

value,  and 50% of t h e  cement c a r r i e r  f l e e t  a r e  sh ips  of l e s s  than 10,000 DWT, 

usua l ly  self-unloaders ,  which a r e  employed i n  domestic o r  short-haul shipments. 

On longer rou t e s ,  such a s  Japan-Middle Eas t ,  l a r g e r  v e s s e l s  a r e  used, t he  

l a r g e s t  being about 45,000 DWT. 



1 I I . B  Cement I n d u s t r y  D e s c r i p t i o n  

I I I . B . l  Cement and Its Uses 

Cement i s  manufactured by mixing mainly calc ium carbona te  w i t h  

aluminum s i l i c a t e s  i n  a  4 : l  r a t i o ,  and r o a s t i n g  t h e  mix ture  a t  1500°C i n  

a  r o t a r y  k i l n  t o  make "cl inker" .  The l a t t e r ,  i n  t h e  form of smal l  round 

lumps up t o  40 mm i n  d iamete r ,  i s  cooled and ground along wi th  about  5% 

gypsum t o  a f i n e  g ray  powder. 

The calcium carbona te  is  normally de r ived  from l imes tone  o r  cha lk ,  

and t h e  aluminum s i l i c a t e s  from c l a y  o r  s h a l e .  Addi t iona l  raw m a t e r i a l s  

such a s  s i l i c a  sand,  i r o n  ox ide  ( i r o n  o r e ) ,  and b a u x i t e  o r  alumina may be 

added i n  smal l  q u a n t i t i e s .  The gypsum added i n  t h e  g r ind ing  s t a g e  c o n t r o l s  

t h e  cement 's  s e t t i n g  time. A l l  t h e  main raw m a t e r i a l s ,  except  t h e  l a r g e  

amounts of energy r e q u i r e d  f o r  cement manufacture,  a r e  abundant i n  most 

c o u n t r i e s .  The p ropor i tons  of t h e  b a s i c  raw m a t e r i a l s  and a d d i t i v e s ,  a s  

w e l l  a s  t h e  way of p rocess ing ,  a r e  v a r i e d  according t o  t h e  type of cement 

t o  be  produced, a s  each cement type has  d i f f e r e n t  p h y s i c a l  and chemical  

p r o p e r t i e s .  

Table 1II.D-3 i n d i c a t e s  t h e  v a r i o u s  types  of cement and t h e i r  

uses .  Cement t h a t  hardens  i n  t h e  presence of water  i s  termed "hydraul ic" .  

"Por t land"  cement is t h e  most widely  used h y d r a u l i c  cement (about 95% of t h e  

hydrau l ic  cement ou tpu t  i n  t h e  United S t a t e s  i s  of t h i s  t y p e ) ,  and has t h e  

fo l lowing  composit ion: 

Lime 60-67% 

S i l i c a  19-25% 



alumina 3-8 % 

su lphur  t r i o x i d e  1-3% (mainly from gypsum) 

i r o n  ox ide  0.3-6% 

magnesia 0.5-5% 

o t h e r  a l k a l i e s  0.3-1.3% 

Cement i s  an i n t e r m e d i a t e  b u i l d i n g  m a t e r i a l  product ,  and is  mainly 

used ( t o g e t h e r  w i t h  o t h e r  raw m a t e r i a l s )  i n  forming c o n c r e t e ,  t h e  most widely  

used c o n s t r u c t i o n  m a t e r i a l  i n  t h e  world. Approximately 1 ton  of p o r t l a n d  

cement is  used t o  make 4 cub ic  y a r d s  of concre te .  Other u s e s  of cement 

i n c l u d e  mortar  manufacture (a mix ture  of cement, wa te r ,  and f i n e  a g g r e g a t e ) ,  

and s o i l  s t a b i l i z a t i o n .  

I I I .B.2  Cement Manufacturing Process* 

Cement-making, a s  shown i n  F igure  1II.B-1, i n v o l v e s  a smal l  number 

of a p p a r e n t l y  s imple  p h y s i c a l  p rocess ing  s t e p s  and a s i n g l e  chemical  s t e p :  

c a l c i n i n g .  The f low s h e e t  is  d e c e p t i v e l y  s imple ,  however, because exac t ing  

product  q u a l i t y  s t a n d a r d s  and t h e  e n e r g y l c a p i t a l  i n t e n s i v e n e s s  o f  cement 

manufacture have l e d  t o  u s e  of h i g h l y  s o p h i s t i c a t e d  technology f o r  accomplishing 

each opera t ion .  Another important  f e a t u r e  of modern cement making i s  t h e  

enormous q u a n t i t i e s  of raw and f i n i s h e d  m a t e r i a l s  t o  be handled,  which have 

r e s u l t e d  i n  some of t h e  l a r g e s t  moving machinery and s t o r a g e  s t r u c t u r e s  o f  

any p rocess ing  i n d u s t r y .  

*Source: U.S. Bureau of Mines, "Mineral F a c t s  and Problems", Ed. 1980; Fog, 
M.H., and Nadkarni, K.L., "Energy E f f i c i e n c y  and Fuel S u b s t i t u t i o n  
i n  t h e  Cement I n d u s t r y  w i t h  Emphasis on Developing Countr ies" ,  World 
Bank Technical  Paper ,  1983; and v a r i o u s  o t h e r  sources .  



SHALE PILE 

FIGURE 1II.B-1 

LINE DIAGRAM OF CEMENT MANUFACTURING PROCESS 

Source: UNIDO, "The Manufacture of Cement and Sulphuric Acid from Calcium Sulphate", 
1 ~ 1 6 3 ,  New York, 1971. 



III.B.2.1 Raw Mater ia l  Preparat ion 

The requirements of a 1,000,000 t / a  cement p l an t  per  ton of product 

a r e  : 

Clays 0.3-0.4 t 

Gyp sum 0.05 t 

Energy (on average) 

f u e l  1.07 mi l l i on  Kcals 

e l e c t r i c i t y  120 kwh 

Average i n s t a l l e d  power 1 9  W 

Area 0.25 sq m 

Personnel 0.0007 (1,500 t/man/yr ) 

*mix proport ions depend on r e l a t i v e  contents  of raw mater ia l s .  

About 1.5 tons  of crushed d ry  rock a r e  required t o  produce one ton 

of cement. The d i f f e r ence  i n  weight pr imar i ly  represents  t h e  l o s s  of carbon 

dioxide dr iven o f f  during t h e  ca l c ina t ion  process. Because of these  l a r g e  

lo s ses ,  cement p l a n t s  tend t o  l o c a t e  c l o s e  t o  t h e i r  l imestone source i n  order  to  

reduce t r anspor t a t ion  requirements. 

Preparat ion of raw ma te r i a l s  f o r  t he  k i l n  involves crushing, gr inding,  

mixing and s to rage  of k i l n  feed. 

Following excavation the  rock i s  loaded on t r anspor t  veh ic l e s  (usual ly 

t rucks)  and hauled t o  t he  crushing p l an t ,  where i t  must be reduced by gyratory 

or  jaw crushers  t o  a s i z e  s u i t a b l e  f o r  grinding. In  a t y p i c a l  l imestone crushing 

p l a n t ,  t he  rock i s  reduced from a s i z e  of up t o  1.4 meters across  t o  a s  small  



a s  3 c e n t i m e t e r s .  Crushing power consumption ranges  from 1 .5  t o  3.5 kWh/ton 

rock.  Crushed rock  is t r a n s p o r t e d  t o  t h e  g r i n d i n g  m i l l s  by r a i l ,  ba rges ,  o r  

conveyor b e l t s ,  depending on t h e  d i s t a n c e  and t h e  topograph ica l  f e a t u r e s  of 

t h e  'a rea  . 
I n  g e n e r a l ,  l imes tone  and s h a l e ,  c l a y ,  e t c .  a r e  propor t ioned p r i o r  t o  

g r i n d i n g ,  a l though  some p l a n t s  g r i n d  t h e  p r i n c i p a l  raw m a t e r i a l s  s e p a r a t e l y  

and blend them a f t e r  g r ind ing .  The o b j e c t  of g r i n d i n g  is  t o  a t t a i n  t h e  optimum 

f i n e n e s s  r e q u i r e d  f o r  t h e  raw m a t e r i a l s  t o  combine d u r i n g  t h e  c a l c i n a t i o n  s t a g e ,  

s i n c e  t h e  p a r t i c l e  s i z e  and mix ture  of raw m a t e r i a l  f ed  t o  t h e  k i l n  a f f e c t  

t h e  p r o p e r t i e s  of t h e  f i n a l  product .  

Two processes  a r e  mainly used i n  g r ind ing  raw m a t e r i a l s :  t h e  wet and 

d r y  processes .  I n  t h e  wet p rocess ,  t h e  crushed and propor t ioned raw m a t e r i a l s  

are ground w i t h  wa te r ,  and fed t o  t h e  k i l n  a s  a s l u r r y  having t y p i c a l l y  about 

35% mois ture .  I n  t h e  d r y  p rocess ,  t h e  raw m a t e r i a l s  a r e  ground, mixed and f e d  

i n t o  t h e  k i l n  i n  powdered form. I n  t h i s  p rocess ,  t h e  mois tu re  c o n t e n t  of t h e  

k i l n  feed  (raw meal) must be reduced t o  about  0.5% p r i o r  t o  o r  d u r i n g  g r ind ing .  

Simultaneous d ry ing /gr ind ing  is accomplished by adding a d ry ing  compartment 

t o  t h e  m i l l  and us ing  t h e  k i l n  was te  g a s e s  t o  remove mois ture .  I n  o t h e r  

r e s p e c t s ,  t h e  w e t  and d r y  p rocesses  a r e  e s s e n t i a l l y  t h e  same. 

Two o t h e r ,  l e s s  common raw m a t e r i a l  p r e p a r a t i o n  p rocesses  a r e  a l s o  i n  

use:  t h e  semi-wet and semi-dry p rocesses .  I n  t h e  semi-wet p rocess  t h e  raw 

m e a l  e n t e r s  t h e  k i l n  i n  t h e  form of p l a s t i c  c y l i n d r i c a l  s l u g s ,  having t y p i c a l l y  

a 17-22% mois tu re  con ten t .  I n  t h e  semi-dry p rocess  t h e  k i l n  feed is  i n  t h e  

form of smal l  p e l l e t s ,  produced by mixing t h e  d r y  powdered raw m a t e r i a l s  w i t h  

t y p i c a l l y  11-14% water .  



The c h o i c e  between t h e  d i f f e r e n t  p r o c e s s e s  is  d i c t a t e d  by v a r i o u s  

economical and p h y s i c a l  f a c t o r s ,  such as: 

- t h e  s p e c i f i c  energy consumption of each p rocess .  The d r y  

p r o c e s s  h a s  lower energy requirements .  

- t h e  p h y s i c a l  and chemical  c h a r a c t e r i s t i c s  of t h e  raw m a t e r i a l s ,  

and mainly t h e  mois tu re  c o n t e n t .  The d r y  p rocess ing  of raw 

m a t e r i a l s  w i t h  mois tu re  c o n t e n t  over  20% r e q u i r e s  l a r g e  amounts 

of a u x i l i a r y  h e a t .  I n  a d d i t i o n ,  t h e  wet p r o c e s s  may be more 

economical i f  wet l imes tone  b e n e f i c a t i o n  p rocess ing  is  requ i red .  

- t h e  raw m a t e r i a l  t r a n s p o r t  a l t e r n a t i v e s .  For example, remote 

q u a r r i e s  and e x i s t i n g  p i p e l i n e s  f a v o r  t h e  wet p rocess ing .  

The raw meal g r i n d i n g  m i l l  i s  a  key equipment i t e m  i n  terms of c o s t ,  

s i z e ,  energy consumption, and f u n c t i o n .  A t y p i c a l  m i l l  can handle  250-300 

tons  of m a t e r i a l s  per  hour.  The b a s i c  t y p e s  of modern g r i n d i n g  m i l l s  i n c l u d e  

b a l l  m i l l s ,  rod m i l l s ,  compound m i l l s ,  a ir-swept m i l l s ,  and c l o s e d - c i r c u i t  

m i l l s  o p e r a t i n g  w i t h  bucket e l e v a t o r s  and c e n t r i f u g a l  s e p a r a t o r s .  

Both b a l l  and rod m i l l s  a r e  h o r i z o n t a l  r o t a t i n g  drums w i t h  a l l o y  

s t e e l  l i n e r s  rang ing  from 8 t o  1 8  f e e t  i n  d iamete r ,  1 0  t o  73 f e e t  i n  l e n g t h ,  

w i t h  300 - t o  8,700-horsepower motors. B a l l  m i l l s ,  a p p r o p r i a t e  f o r  c o a r s e  

g r i n d i n g ,  have a  l a r g e  d iamete r  t o  l e n g t h  r a t i o  and a r e  charged t o  about 45% 

of t h e  volume w i t h  s t e e l  b a l l s  of up t o  5 inches  i n  diameter .  

Rod m i l l s ,  b e s t  s u i t e d  f o r  f i n e  g r i n d i n g ,  have a  smal l  d iameter  t o  



l eng th  r a t i o ,  and a r e  charged with s t e e l  rods 2 t o  5 inches i n  diameter and 

nea r ly  equal t o  t he  i n s i d e  length  of t he  m i l l .  In  both m i l l s ,  raw mater ia l s  

a r e  reduced i n  s i z e  by impact and a t t r i t i o n  by the  gr inding media i n  cascading 

and ca t a rac t ing  motions while t h e  m i l l  i s  r-otat ing 15  t o  18 revolu t ions  per 

minute . 
Compound mills have a  b a l l  compartment and a  rod compartment i n  a  

s i n g l e  s h e l l  and opera te  by the  continuous method, i n  which f in i shed  ma te r i a l  

is  used without any f u r t h e r  separa t ion  o r  screening. In  t h e  c losed-c i rcu i t  

process ,  a  bucket-fed c e n t r i f u g a l  separa tor  system follows t h e  m i l l  and 

r e tu rns  oversized p a r t i c l e s  t o  t he  m i l l  f o r  regrinding.  Closed-circuit  

systems a r e  more ad jus t ab le  t o  s p e c i f i c  requirements regarding p a r t i c l e  s i z e  

d i s t r i b u t i o n  of t he  raw meal, a  matter  of considerable  importance i n  cement 

manufacture. In  air-swept m i l l s ,  t h e  pulverized ma te r i a l  is  swept out by a  

cur ren t  of a i r  and fed t o  an a i r  separa tor  f o r  recyc l ing  of oversized p a r t i c l e s .  

Af te r  t he  gr inding process,  t h e  raw meal is  t r ans fe r r ed  t o  homogenizing 

s i l o s  and then t o  s torage  s i l o s  p r i o r  t o  being fed t o  t he  ca l c in ing  system. 

Figure 1II.B-2 shows a schematic of t he  bas ic  opera t ions  and equipment of a  

dry process raw grinding department, while t h e  cement manufacture a s  a  whole 

is  i l l u s t r a t e d  by Figure 1II.B-3. 

III.B.2.2 Calcinat ion 

The k i l n  system represents  t he  l a r g e s t  c a p i t a l  expenditure of any 

equipment i tem i n  a  cement p l an t ,  and ca l c ina t ion  i s  t h e  most important 

operat ion i n  manufacturing cement because (a) f u e l  consumption is  the  major 







expense i n  t h e  process ,  (b) capac i ty  of a p l a n t  i s  measured by k i l n  output ,  

and (c )  s t r e n g t h  and o the r  p rope r t i e s  of cement depend on t h e  q u a l i t y  of 

c l i n k e r  produced. 

Two types of k i l n s  a r e  i n  use: v e r t i c a l  o r  s h a f t  k i l n s  and ro t a ry  k i ln s .  

Ver t i ca l  k i l n s ,  common in Europe and some developing count f ies ,  a r e  genera l ly  

only e f f i c i e n t  a t  c a p a c i t i e s  of up t o  100,000 tons  per year ,  and account f o r  

only about 5% of world production. The s teady trend t o  economies of s c a l e  

has l e d  t o  t h e  development of l a r g e  r o t a r y  k i l n s  wi th  c a p a c i t i e s  exceeding 

1.25 mi l l i on  tons. A r o t a r y  k i l n  i s  a refractory-l ined s t e e l  c y l i n d r i c a l  

s h e l l  t h a t  r o t a t e s  around an a x i s  inc l ined  a t  318 t o  1 /2  inch  per  foot .  Kilns  

i n  t he  United S t a t e s  range i n  s i z e  from 6 f e e t  i n  diameter and 120 f e e t  long 

t o  25 f e e t  i n  diameter and 760 f e e t  long, and r o t a t e  a t  50 t o  90 revolu t ions  

per hour. While most ' l a rge  p l a n t s  use  r o t a r y  k i l n s ,  recent  developments of 

v e r t i c a l  k i l n  technology have proved commercially a t t r a c t i v e  f o r  small  u n i t s  

and consequently may be of p a r t i c u l a r  app l i ca t ion  i n  some developing count r ies .  

Small v e r t i c a l  k i l n s  may a l s o  be added i n  p a r a l l e l  wi th  o lder  equipment t o  

increase  t o t a l  p l an t  capaci ty.  

Rotary k i l n s  a r e  amenable t o  both wet and dry processes ,  whereas 

v e r t i c a l  k i l n s  a r e  l imi ted  t o  dry  process  only. The ground, proportioned and 

homogenized dry  mix o r  s l u r r y  e n t e r s  t h e  upper o r  feed end of t h e  r o t a r y  

k i l n  and is conveyed by t h e  s lope  and r o t a t i o n  t o  t h e  f i r i n g  o r  discharge 

end of t he  k i l n ,  i n  counterflow t o  the  hot combustion gases. During passage 

through t h e  k i l n  ( 1  t o  4 hours) t he  feed is  exposed t o  increas ingly  higher 

temperatures and i s  heated, d r i ed ,  calcined (removal of carbon dioxide from 



0 
the  l imestone) ,  and f i n a l l y  heated t o  about 1500 C ,  a temperature a t  which 

a substance ca l l ed  "clinker" is  produced. The q u a l i t y  of t h e  f in i shed  cement 

depends pr imar i ly  on burning condi t ions  i n  t he  k i ln .  

Modern r o t a r y  k i l n s  a r e  f i t t e d  wi th  an e l abo ra t e  system of up t o  

s i x  inter-connected cyclones (usual ly four  o r  f i v e  - see Figure 1II.B-4) 

c a l l e d  a suspension prehea ter ,  which serves  t o  improve hea t  t r a n s f e r  between 

k i l n  e x i t  gases and incoming raw meal. The prehea ter  is  a t a l l  s t r u c t u r e ,  

o f t e n  reaching 85 meters i n  height.  The feed e n t e r s  t h e  top s t age  and 

gradual ly moves through t h e  cyclones u n t i l  i t  e n t e r s  t h e  r o t a r y  k i ln .  The 

hot k i l n  e x i t  gases  a r e  simultaneously moving i n  t h e  oppos i te  d i r e c t i o n  and 

t h e  highly turbulen t  mixing ac t ion  between t h e  feed and gases promotes 

e f f i c i e n t  hea t  exchange s u f f i c i e n t  t o  induce 40-50% c a l c i n a t i o n  of t h e  raw 

feed by the  time i t  e n t e r s  t h e  r o t a r y  k i ln .  

Introduct ion of suspension prehea ter  systems r e su l t ed  in d r a s t i c a l l y  

reduced hea t  consumption and increased product iv i ty  i n  t h e  r o t a r y  k i ln .  For 

example, a k i l n  producing 3300 tons  per  day without suspension preheat ing 

would r equ i r e  a diameter of 8 meters and a l eng th  of 220 meters,  while  t h e  

same production could be obtained from a 5.5-meter (diameter) x 75-meter 

( length)  k i l n  equipped with a preheater .  

Although preheater  systems improve f u e l  economy, they can have t h e  

disadvantage t h a t  c e r t a i n  impur i t ies  l i k e  a l k a l i  metal compounds, which a r e  

vaporized i n  t he  k i l n  and would usua l ly  be removed from t h e  process i n  the  

hot k i l n  e x i t  gases ,  can be introduced i n t o  the  raw m i x  a s  i t  is  preheated 

with the  recycled k i l n  gases.  To avoid the  problem of a l k a l i  build-up, t h e  
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suspension prehea ter  design may inc lude  a system which bypasses about 5 t o  '10% 

of t h e  k i l n  gases  and removes t h e  a l k a l i  components. 

The idea of using t h e  thermal energy of t h e  hot  k i l n  e x i t  gases t o  

preheat  t h e  raw m e a l  has been a l s o  appl ied i n  t h e  semi-dry processing by t h e  

in t roduct ion  of g r a t e  preheater  systems. The raw meal i n  t he  form of p e l l e t s  

is  discharged on t o  a t r a v e l l i n g  g r a t e  which conveys i t  toward t h e  k i l n  i n l e t .  

A t  t h e  same time, t h e  k i l n  e x i t  gases a r e  passed through t h e  bed of p e l l e t s  

which e f f e c t s  e f f i c i e n t  heat  exchange t o  dry ,  preheat  and p a r t i a l l y  c a l c i n e  

the feed before en t ry  i n t o  the  k i ln .  Similar  systems a r e  used i n  t he  semi- 

w e t  processing. 

The advent of preheater  equipment, e i t h e r  g r a t e  o r  suspension, has 

allowed the  development of two-point f u e l  f i r i n g  o r  precalcining.  Preca lc iner  

systems o r  New Suspension Preheater  (NSP) systems have one comon b a s i s  - t h e  

degree of ca l c ina t ion  of t h e  raw m i x  en te r ing  the  r o t a r y  k i l n  i s  increased 

by burning a s u b s t a n t i a l  por t ion  (up t o  two-thirds) of t he  t o t a l  f u e l  require-  

ments i n  a preca lc iner  ves se l  which is p a r t  of t h e  g r a t e  o r  suspension pre- 

heater .  In  a conventional prehea ter  system, 50% of t he  heat t r a n s f e r  occurs 

i n  t he  preheater  and t h e  raw mix en te r s  t he  k i l n  20-30% decarbonated. With 

the  addi t ion  of preca lc ina t ion ,  decarbonat5on i s  increased t o  85-90% and a s  a 

r e s u l t  a higher k i l n  capac i ty  is  a t t a ined  with given k i l n  dimensions, o r  f o r  a 

new i n s t a l l a t i o n ,  the  required k i l n  volume can be reduced by a s  much a s  50%. 

Since a s u b s t a n t i a l  pa r t  of the  f u e l  is burnt ou t s ide  t h e  k i l n ,  p reca lc iner  

systems have t h e  major advantage of being a b l e  t o  use low-grade fue ls .  Other 

advantages claimed f o r  preca lc iner  systems are:  improved b r i ck  l i f e  f o r  t he  



k i l n  l i n i n g ;  reduced a l k a l i  and su lpha te  build-up; improved con t ro l  and k i ln  

s t a b i l i t y ;  more e f f i c i e n t  a l k a l i  bypass; and reduct ions i n  dust  emissions. 

A comparison of production capac i ty  by k i l n  dimension and processes i s  

shown i n  Table 1 I I .B -1 .  

c l i nke r  cooler ,  se rv ing  t h e  dual  purpose of lowering the  c l i n k e r  temperature 

and recuperat ing the  c l i n k e r  hea t  f o r  reuse  a s  combustion a i r  i n s i d e  t h e  k i ln .  

In  t h e  United S t a t e s ,  most c l i n k e r  i s  air-quenched i n  a  t r a v e l l i n g  o r  

rec iproca t ing  g r a t e  cooler  where cool ing a i r  passes  through a  slowly moving 

bed of hot c l inker .  

F ina l ly ,  c l i n k e r  is  f i n e  ground wi th  gypsum (2-5%) i n  t he  case  of 

port land cement, p lus  o ther  add i t i ves  such a s  pozzolan, f l y  ash,  s l a g ,  e t c . ,  

when a  d i f f e r e n t  type of cement is  being ~ roduced .  

- 

2.3 Clinker Processing 

The temperature of c l i nke r  discharged from t h e  k i l n  is  reduced i n  a  

- - - .  

3 Energy Consumption i n  Cement Production* 

Cement i s  a highly energy in t ens ive  product,  genera l ly  requi r ing  

between 1,000 and 2,000 megacalories of energy (both f u e l  and e l e c t r i c a l )  per  

metr ic  ton,  depending upon the  s p e c i f i c  manufacturing process. While some 

o the r  i n d u s t r i a l  products l i k e  s t e e l  (7,000 mcals/ ton) ,  p l a s t i c s  (20,000 meals/ 

ton)  and aluminum (42,000 mcals/ton) have higher s p e c i f i c  energy consumption 

Source: Fog, M.H., and Nadkarni, K.L., "Energy Eff iciency and Fuel Subs t i t u t ion  
i n  the  Cement Industry wi th  Emphasis on Developing countr ies" ,  World 
Bank Technical Paper, 1983. I 



TABLE I1 I. B-1 

COMPARISON OF PRODUCTION CAPACITY BY KILN DIMENSION AND PROCESSES 

Kiln Diameter 
Process -- ~ .- 

5 m  6m 7m - -- -- 
Wet Long 1,000-1,300 1,700-$200 3,000-3,500 

tons/day tons/day 
Dry Long 1,500-2,OOO 2,!iOO-3,000 

- tonslday tons/day -- 
SP 2,500-2,8oo--4,0004,~00 

-- 
tons/day tons/day 

- -- 
NSP 4,8105,200 8,00&10,000 

- - - - - -- tons/day tons/day 
-. - - 

SP = Suspension P r e h e a t e r  

NSP = New SP 

Source: Three "I" P u b l i c a t i o n s  Ltd., "Cement Technology and P l a n t  
Engineering.  Guide t o  Japanese  Processes  and P r o f i l e  of 
Firms", 1980. 
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per  ton of product,  t h e  t o t a l  energy consumption f o r  cement manufacture 

is  higher  than f o r  most o ther  i n d u s t r i e s  (with t h e  exception of s t e e l  

and chemicals),  on account of t h e  high tonnages of cement produced ( the  

world's cement production i n  1981 w a s  about 883 mi l l i on  tons) .  It has been 

estimated t h a t  i n  developing coun t r i e s  t h e  cement indus t ry  consumes between 

2 and 6% of t h e  t o t a l  f u e l  and e l e c t r i c a l  commercial energy consumption, 

while i n  some cases  t h i s  share  can be a s  high a s  10%. 

In  many uses ,  however, concrete ,  t h e  end product of cement, i s  more 

energy e f f i c i e n t  than other  bui lding ma te r i a l s  ( r e f e r  t o  Table 1II.B-2), and 

i n  t h i s  aspec t  t h e  energy consumed i n  t h e  manufacturing of cement becomes 

more acceptable.  One cubic meter of concrete  r ep re sen t s  an energy consumption 

of 450 t o  500 mcals. 

Table 1II.B-3 shows t h e  energy consumption a t  each major manufacturing 

s tage.  The two most energy-intensive phases i n  a cement p l an t  a r e  t he  pyro- 

processing (k i ln )  and grinding. Pyroprocessing consumes mainly thermal 

energy i n  t he  form of o i l ,  coa l  o r  gas,  while gr inding consumes mainly 

e l e c t r i c a l  power. Tota l  thermal energy requirements i n  pyroprocessing of 

c l i nke r  normally range from about 750 t o  2,100 Kcals/Kg of c l i nke r  depending 

on t h e  s p e c i f i c  process  used and the  opera t ing  e f f i c i e n c i e s  of t he  concerned 

cement p lan ts .  The required e l e c t r i c a l  power t y p i c a l l y  ranges from about 80 

t o  160 kWh per ton of cement, from which about 42% i s  consumed by c l inke r  

gr inding .  T h e  o v e r a l l  f u e l  consumption t y p i c a l l y  accounts f o r  about 7 5  t o  

90% of the t o t a l  primary energy used i n  a cement p l an t ,  and e l e c t r i c a l  power 

f o r  t he  remaining 10 t o  25%. 
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TABLE 1II.B-2 - 

COMPARISON OF ENERGY INTENSITIES I N  END 
PRODUCTS OF ALTERNATIVE BUILDING MATERIALS 

Unit Energy Consumption (rncals) Using 

Concrete Steel  Asphalt Brick 

Building wall (per m2) 90-100 130-150 
Bridge (per m2 900 1,900 
Roadway (per 200 7 50 

Source: Fog, M. H. , and Nadkarni, K.L. , "Energy Eff ic iency  and Fuel Subs t i t u t i on  
i n  t h e  Cement Industry wi th  Emphasis on Developing count r ies" ,  World 
Bank Technical Paper, 1983. 





The comparative advantages and disadvantages of t h e  d i f f e r e n t  cement 

technologies discussed in previous sec t ions  a r e  summarized i n  Table 1II.B-4, 

while Figure 1II.B-5 shows t h e  weighted average of thermal energy consumption 

i n  t h e  var ious  systems. In  general ,  t h e  dry  process  consumes s u b s t a n t i a l l y  

lower thermal energy than t h e  wet process,  p a r t i c u l a r l y  with t h e  p rehea te r l  

p reca lc iner  systems. On the  o ther  hand, t h e  dry  process e n t a i l  a higher 

consumption of e l e c t r i c a l  power, a s  t h e  homogenization and pyroprocessing 

a reas  i n  t h i s  process contain a l a r g e  number of fans  operat ing a t  high 

pressure  drops. However, t he  s i g n i f i c a n t  thermal energy savings i n  t h e  pre- 

hea t e r lp reca l c ine r  systems o f f s e t  t he  increased e l e c t r i c a l  power consumption 

severa l  t imes over. This f a c t  expla ins  t he  recent  switching of cement indus t ry  

from t h e  wet t o  t h e  dry process. In  1979, 98.9% of t h e  t o t a l  Japanese 

cement output w a s  by t h e  dry  process ,  and only 1.1% by t h e  wet process ,  while  

twenty years  e a r l i e r  t h e  w e t  process  had a production share  of 38%. Never- 

t h e l e s s ,  t h e  physical  and chemical c h a r a c t e r i s t i c s  of raw ma te r i a l s  and f u e l ,  

and a v a r i e t y  of o ther  opera t iona l  f a c t o r s  must be considered i n  t he  

designing of a cement p lan t .  

O i l ,  coa l ,  and gas a r e  t h e  sources of primary energy required by a 

cement p lan t .  Secondary sources may include low grade f u e l s  such a s  i n d u s t r i a l  

waste, shredded t i r e s ,  wood chips,  e t c . ,  but they can be used only i n  pre- 

hea t e r lp reca l c ine r  systems. In t h e  l a s t  decade, t he  higher r a t e  of increase  

i n  p r i c e s  of o i l  and gas has led  t o  a s u b s t i t u t i o n  of these  two f u e l s  by coa l  

i n  a number of p l a n t s  wi th  access  t o  low c o s t  coal .  Most of t h e  changes i n  

f u e l  sources have occurred i n  i n d u s t r i a l  count r ies ,  where c a p i t a l  and 

technology f o r  conversion from o i l - f i r i n g  t o  coal-based systems were ava i l ab l e .  







Table 1II.B-5 shows t h e  s i g n i f i c a n t  changes i n  f u e l  sources t h a t  

have occurred s i n c e  1974 i n  se lec ted  i n d u s t r i a l  ' count r ies .  In  oi l - f  i r ed  

p l an t s ,  energy c o s t s  u sua l ly  range between 65 and 75% of the  d i r e c t  opera t ing  

cos t s ,  while  i n  coal-f i red p l a n t s  of s imi l a r  s i z e ,  energy c o s t s  represent  

about 60% of t h e  d i r e c t  o ~ e r a t i n e  cos t s ,  - .  -. -. w - - -  

III.B.4 Environmental Impact* 

Cement p l a n t s  can r e s u l t  in  po l lu t ion  of a i r ,  water, and land resources.  

The major environmental t h r e a t  is  dus t  emissions, a s  p a r t i c u l a t e  matter  can 

o r i g i n a t e  a t  most of t h e  cement manufacture operat ions.  The main source of 

dus t  is  t h e  k i ln .  Dust removed from k i l n  gases is  pr imar i ly  a mixture of raw 

mat.eria1, and c l i n k e r  p a r t i c l e s .  These gases a l s o  conta in  s i g n i f i c a n t  

q u a n t i t i e s  of water so luble  a l k a l i e s ,  carbon monoxide, sulphur oxides,  n i t rogen  

oxides,  and l e s s e r  q u a n t i t i e s  of hydrocarbons, aldehydes and ketones. 

Larger dus t  p a r t i c l e s  can be removed by cyclones o r  o the r  mechanical 

devices.  Small dus t  p a r t i c l e s  can be removed by e l e c t r o s t a t i c  p r e c i p i t a t o r s ,  

bag f i l t e r s ,  o r  wet scrubbers.  I n  most cases ,  co l lec ted  dus t  is  recycled t o  

t he  process  f o r  reuse  a s  raw mater ia l .  However, t h e r e  a r e  p l an t s  where re-  

cyc l ing  i s  not  f e a s i b l e ,  and i n  t hese  cases ,  t he  dus t  d i sposa l  i s  a  s e r ious  

p l an t  problem. 

In  some p l a n t s ,  d ry  dus t  is  mixed wi th  water t o  make a  s l u r r y  (ff leaching") ,  

which then flows t o  a  c l a r i f i e r .  C l a r i f i e r  underflow, containing 40 t o  60% 

s o l i d s  r e t u r n s  t o  t h e  k i l n ,  while  overflow i s  discharged a s  waste. Disposal 

*Source: "Environmental Guidelines", The World Bank, Off ice of Environmental 
Af fa i r s ,  1984. 



TABLE 1II.B-5 

SHARES OF DIFFERENT FUELS I N  THERMAL ENERGY CONSUMPTION 
OF CEMENT PLANTS I N  SELECTED INDUSTRTAL COUNTRIES (%) 

1974 
O i l  - Coal - Gas - 

USA 12 44 44 

FR of Germany 7 4 ' 6  2 0 

France 8 5 4 11 

UK 6 80 14 

Canada 40 1 0  50 

1980 
O i l  - Coal - Gas - 

Note: The shares  a r e  based on t h e  o i l -equiva len ts  of t h e  d i f f e r e n t  energy 
sources.  

Source: Fog, M.H., and Nadkarni, K.L., "Energy Eff ic iency  and Fuel 
Subs t i t u t ion  i n  t h e  Cement Industry wi th  Emphasis on Developing 
Countries", World Bank Technical Paper, 1983. 



of e i t h e r  t he  c l a r i f i e r  overflow, o r  t h e  e n t i r e  wet dus t  s l u r r y  with no 

recovery o r  reuse,  and t h e  aqueous e f f l u e n t s  from wet scrubbers  a r e  t he  major 

wastewater sources i n  cement manufacture. Large amounts of water a r e  a l s o  

used f o r  process  cool ing and o the r  a u x i l i a r y  a c t i v i t i e s ,  but from the  environ- 

mental s tandpoin t ,  t h i s  water is  normally of minor s ign i f icance .  

In  a l l  w e t  process  p l a n t s ,  except those leaching co l l ec t ed  dus t ,  waste- 

waters  can be used t o  prepare s l u r r y  feed t o  t he  k i l n ,  and thus  no water e f f l u e n t  

is  produced. In  leaching p l an t s ,  waste water treatment is ef fec ted  by 

n e u t r a l i z a t i o n  and carbonation. Although removal of dissolved s o l i d s  i s  

genera l ly  not prac t iced  f o r  l eacha te  streams, methods such a s  evaporation, 

p r e c i p i t a t i o n ,  ion  exchange, reverse  osmosis, and e l e c t r o d i a l y s i s  can be q u i t e  

e f f ec t ive .  In  dry  process  p l an t s ,  recyc l ing  of l i q u i d  e f f l u e n t s  is poss ib le  

i f  cool ing towers o r  ponds a r e  used. 

Solid ma te r i a l s ,  including wastes,  a r e  genera l ly  s tored  i n  p i l e s  on 

p l an t  property.  These can be contained o r  t r ea t ed  i n  order  t o  prevent r a i n  

runoff i n t o  ad jacent  waters  and contamination of groundwater sources.  

III.B.5 Seaborne Cement Transport and Handling 

Seaborne cement t r ade  was about 42 mi l l i on  tonnes i n  1982 including 

s u b s t a n t i a l  short-haul exports.  Cement products can be shipped i n  t h e  form of 

bulk c l i n k e r ,  bulk f in i shed  cement, o r  bagged cement. The physical  form of 

shipment determines t h e  sh ip  type used t o  c a r r y  the  product. Bagged cement 

has t r a d i t i o n a l l y  been shipped i n  general  cargo o r  multi-purpose sh ips  of 

up t o  15,000 DWT o r  when un i t i zed ,  i n  small  handy-sized bulk c a r r i e r s  of up 

to  about 30,000 DWT. 



Handling of cement c l i n k e r ,  a p a r t  from t h e  need t o  keep i t  reasonab ly  

d r y ,  p r e s e n t s  no major problems. It is shipped in  small o r  handy s i z e d  bu lk  

c a r r i e r s ,  s a y  up t o  35,000 DWT, and is loaded o r  d ischarged by grab.  C l inker  

is shipped i n  a s  l a r g e  a volume a s  p o s s i b l e  because f r e i g h t  c o s t s  f r e q u e n t l y  

exceed ca rgo  value .  

Bulk cement, however, r e q u i r e s  s p e c i a l  t r ea tment .  End u s e r s  a r e  

g e n e r a l l y  v e r y  p a r t i c u l a r  about t h e  q u a l i t y  of t h e  product  which is  s e n s i t i v e ,  

by its d e s i r e d  p r o p e r t i e s ,  t o  mois ture .  It a l s o  h a s  a n a t u r a l  a n g l e  of repose  

of 45 degrees  s o  t h a t  t h e  s h i p ' s  hold h a s  t o  b e  c o n s t r u c t e d  s t e e p l y  raked t o  

c l e a r  i t  completely when d i scharg ing .  A s  cement h a s  a stowage f a c t o r  of 1.5 

t / c u  m, t h e  hold  h a s  l i m i t e d  c a p a c i t y  f o r  l e s s  dense  cargoes .  I n  consequence, 

a s p e c i a l i z e d  f l e e t  o f  "cement c a r r i e r s "  h a s  developed. 

Cement c a r r i e r s  u s e  s p e c i a l  purpose load ing  and d i s c h a r g i n g  equipment 

t o  p r o t e c t  t h e  cement from t h e  e lements  whi le  e f f i c i e n t l y  conveying t h e  

material between quayside  s i l o s  and t h e  s h i p ' s  hold. Th is  equipment may be 

e i t h e r  mechanical  o r  pneumatic and i n s t a l l e d  a t  quayside  o r  on board t h e  sh ip .  

Cement i s  a t r a d i t i o n a l  shor t -haul  t r a d e  due t o  i ts  low u n i t  va lue .  

The l o n g e s t  r e g u l a r  voyage i n  t h e  cement t r a d e  is  between Japan and t h e  Middle 

East .  In consequence, a v e r y  high p r o p o r t i o n  of bu lk  cement shipments a r e  

made i n  s m a l l  (usua l ly  se l f -un load ing)  cement c a r r i e r s  of l e s s  than  10,000 DWT. 

However, t h e  i n c r e a s e  in demand f o r  cement imports  i n  t h e  last decade, 

e s p e c i a l l y  from t h e  o i l  producing n a t i o n s ,  i n i t i a t e d  mid- and deep-sea r o u t e s .  

The economies of s c a l e  encountered i n  t h e s e  longer  voyages i n  con junc t ion  

w i t h  t h e  sharp  rises i n  sh ipp ing  c o s t s  caused sh ipp ing  of l a r g e r  volumes of 



cement. Thus, investments i n  bulk terminal  f a c i l i t i e s  became f i n a n c i a l l y  

v i ab le ,  e spec i a l ly  a s  a s i g n i f i c a n t  share  of t he  t r a d e  has always been 

cont ro l led  by t h e  cement manufacturers,  and l a r g e r  cement c a r r i e r s  of up t o  

45,000 DWT were b u i l t .  

Of t he  l a r g e r  ves se l s ,  some a r e  conversions and o the r s  a r e  newbuilds 

designed f o r  t h e  bulk cement t rade.  Two 44,800 DWT combination c a r r i e r s  

de l ivered  i n  1981, t h e  C a s t i l l o  de  Jav ie r  and t h e  C a s t i l l o  d e  Monterrey, a r e  

t h e  l a r g e s t  purpose b u i l t  cement c a r r i e r s  i n  t h e  world. They a r e  a l s o  designed 

to  al low c a r r i a g e  of cargoes o ther  than cement. Two 'of s i x  holds a r e  equipped 

wi th  pneumatic bulk screw systems and have a capac i ty  of nea r ly  40,000 tons  

cement between them. The remaining four  holds a r e  l e f t  empty i f  cement i s  

ca r r i ed  o r  e l s e  a r e  loaded wi th  s tandard bulk cargoes such a s  coa l ,  g ra in ,  

p e l l e t s ,  e t c .  on backhad  voyages. 

The deadweight d i s t r i b u t i o n  of the  world cement c a r r i e r  f l e e t  i s  

given i n  Table 1II.B-6, and the  growth of t h e  10,000 DWT f l e e t  between 1972 

and 1982 is  shown i n  Table 1 I I .B-7 .  A s  shown i n  Table 1II.B-6, about 50% 

of the  cement c a r r i e r  f l e e t  capac i ty  i s  composed of sh ips  l e s s  than 10,000 DWT. 

These sh ips ,  engaged i n  domestic and short-haul shipments, a r e  usua l ly  s e l f -  

unloaders,  ves se l s  wi th  t h e i r  own discharge equipment i n s t a l l e d  on board so 

t h a t  they can opera te  independently of handling gear offered a t  t h e  discharge 

por t .  Employment of such sh ips  i n  cement t r anspor t  i s  o f t e n  advantageous, 

p a r t i c u l a r l y  i n  cases  where 

- cargo is  t o  be discharged a t  a new loca t ion  where no adequate 

shores ide  equipment is a v a i l a b l e  



TABLE 1II.B-6 

VESSELS I N  THE CEMENT CARRIER FLEET (ABOVE 1,000 DWT) 
1982 

DWT No. of Vessels L I 000 DWT % u 

1.000 - 4,999 111 46 408 17 

5,000 - 9,999 84 35 564 31 

10,000 - 14,999 2 0 8 242 13 

15,.000 - 19,999 7 3 118 6 

20,000 - 24,999 5 2 107 -. 6 

25,000 - 29,999 4 2 103 6 

30,000 - 34,999 1 - 34 2 

35,000 - 39,999 5 2 192 10 

40,000 + 4 2 176 9 

TOTAL 24 1 100 1.844 100 

Source: H.P. Drewry Ltd., "World Seaborne Cement Trade,  Transpor t  and 
 andl ling" , 198 3. 

TABLE 1II.B-7 

VESSELS I N  THE CEMENT CARRIER JXEET (ABOVE 10,000 DWT) 
1972-1 982 

1972 1977 1982 
DWT No. 000 DWT No. 000 DWT No. 000 DWT 

10.000 - 14,999 8 9 2 13 147 2 0 242 

15,000 - 19,999 6 101 8 132 7 118 

20,000 - 24,999 3 6 2 6 127 5 107 

25,000 - 29,999 - - 2 51 4 103 

30,000 - 34,999 - - 1 34 1 3 4 

35,000 - 39,999 - - - - 5 192 

40,000 + - - - - 4 176 

TOTAL 17 255 30 491 4 6 972 

Source: H.P. Drewry Ltd., "World Seaborne Cement Trade, Transpor t  and Handling", 
1983. 



- volumes a r e  too small  t o  warrant i n s t a l l i n g  shoreside equipment; 

- mult ip le  d ischarge  p o r t s  would r equ i r e  s eve ra l  shores ide  

i n s t a l l a t i o n s ,  versus  one f o r  a self-unloader; 

- l a r g e  ves se l s  a r e  excluded from p o r t  by d r a f t  r e s t r i c t i o n s  

and can be loaded o r  unloaded of fshore  by small  self-unloaders 

plying between shore and l a r g e  ves se l s ;  and 

- dus t  po l lu t ion  and c l ima t i c  condi t ions  r e q u i r e  enclosed 

unloading systems. 

Today's self-unloading systems o f f e r  high capac i ty  loading up t o  

1,200 tonnes/hour and discharging up t o  1,000 tonneslhour. 

I n  recent  years ,  with t h e  rapid expansion of some economies and high 

investment cons t ruc t ion  p ro j ec t s ,  f l o a t i n g  transhipment terminals  have found 

increas ingly  wide use  in t h e  cement t rade .  In  some cases ,  they a l s o  incorpora te  

bagging p lan ts .  While some of t hese  a r e  s p e c i a l l y  constructed ves se l s ,  o the r s  

a r e  converted bulk c a r r i e r s .  The major advantages of these  f a c i l i t i e s  a r e  

t he  speed of i n s t a l l a t i o n  (a bulk c a r r i e r  can be converted i n t o  a f l o a t i n g  

terminal wi th in  a s  l i t t l e  a s  t h ree  months), and the  a b i l i t y  t o  be moved to  

o ther  l oca t ion  i f  the  f a c i l i t y  i s  no longer required a t  t h a t  por t .  



111. C P l a n t  D e s c r i p t i o n s  

I I I . C . l  New Cement Works i n  Indones ia  

Location: Lho'nga, n o r t h e r n  Sumatra ( s e e  F igure  1II.C-1) 

Owner: Semen Andalas Indonesia  Co. 

Star t -up:  1983 

Output: 1 m i l l i o n  m e t r i c  tons  pe r  year  

L o g i s t i c s :  P l a n t  i s  l o c a t e d  i n  a  p rev ious ly  undeveloped c o a s t a l  a r e a  i n  t h e  

v i c i n i t y  of l imes tone  and s h a l e  d e p o s i t s .  P r e s e n t  roads  and b r i d g e s  

i n  t h e  a r e a  a l l o w  l o c a l  d i s t r i b u t i o n  of 100,000 tons  p roduc t /year .  

The remainder is t ranppor ted  i n  bu lk  form from t h e  p l a n t ' s  marine 

t e rmina l  t o  Belawan, a  p o r t  near  Medan, which is  c a p i t a l  of nor the rn  

Sumatra and t h e  major market a r e a .  Repor tedly ,  two s h i p s  of 5000 tons  

deadweight w i l l  be  o p e r a t i n g  a  f ive -day  s h u t t l e  s e r v i c e  between 

Lho'nga and Belawan. 

S i t e :  S ince  t h e  s o i l  i n  t h e  f l a t  c e n t r a l  a r e a  d i d  n o t  have adequate  bear ing  

c a p a c i t y  f o r  a  heavy p l a n t ,  a  h i l l  a d j a c e n t  t o  t h e  quar ry  had t o  be 

l e v e l l e d  t o  o b t a i n  a  s i t e  w i t h  adequate  p r o j e c t e d  a r e a  t o  l o c a t e  a l l  

3 
heavy equipment founda t ions  on rock.  Excavation m a t e r i a l  (450,000n ) 

w a s  used f o r  s i t e f i l l  and f o r  harbor  breakwater c o n s t r u c t i o n .  I n  

a d d i t i o n  t o  t h e  cement works, a  c a p t i v e  power p l a n t  had t o  be b u i l t  a t  

t h e  s i t e .  T o t a l  a r e a  is  about  25 h e c t a r e s ,  inc lud ing  expansion 

c a p a b i l i t y  f o r  ano ther  k i l n  and power s t a t i o n .  

P l a n t  l a y o u t :  See F igure  1II .C-2.  

Raw m a t e r i a l s  d e l i v e r y :  An 800 tph  s i n g l e  r o t o r  hammer c r u s h e r  f e e d s  

l imes tone  t o  an in-works s t o c k p i l e .  Sha le  i s  trucked along a  3.5 Km 

road t o  a n  in-works double  r o t o r  r o l l  c r u s h e r  w i t h  a  c a p a c i t y  of 450 



FIGURE 1 I I . C - 1  

LOCATION OF THE SEMEN ANDALAS WORKS 

LHO'NGA AM) BELAWAN 

Source: P. Byland and B. de Quervain 

Zement-Kalk-Gips, Nr. 7/1982 
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LAYOUT O F  THE LHO'NGA CMENT WORKS 
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tph.  

Raw m a t e r i a l s  s t o r a g e :  The crushed l imes tone  s t o c k p i l e  is  uncovered. It 

is  c i r c u l a r ,  w i t h  a n  80 meter  r a i l  d iameter  and 30,000 ton  

c a p a c i t y .  S tacker  and rec la imer  handl ing r a t e s  a r e  1200 and 240 tph 

r e s p e c t i v e l y .  

The crushed s h a l e  s t o c k p i l e  h a s  a 7 2  meter r a i l  d iamete r ,  is  

covered,  and ho lds  20,000 tons .  S t a c k i n g  c a p a c i t y  is  600 tph  and 

rec la iming  i s  110 tph.  

Reclaimed l imes tone  and s h a r e  a r e  weighed a t  t h e  d i s c h a r g e  from t h e i r  

r e s p e c t i v e  s t o c k p i l e s  and d i r e c t l y  fed  t o  t h e  raw m i l l  w i thou t  t h e  

u s e  of i n t e r m e d i a t e  hoppers.  

Raw m i l l :  The raw m a t e r i a l  m i l l  h a s  t h e  fo l lowing  c h a r a c t e r i s t i c s :  

- type - double  compartment t u b e  m i l l  

- maximum feed  s i z e  - 15.39 m s h e l l  

24.35 m t o t a l  i n c l u d i n g  d ry ing  chamber 

- diameter  - 4.98 m i n s i d e  s h e l l  

- d r i v e  - 2 x 2500 KW twin p i n i o n  g i r t h g e a r  

3 - c i r c u l a t i o n  f a n  - 5200 m /min a t  llO°C, 30 mbar 

- bucket e l e v a t o r  - 1200 t / h ,  40 m h e i g h t  

Raw meal homogenizat ionls torage s i l o s :  Two homogenizing c o n c r e t e  s i l o s  wi th  

a c a p a c i t y  of 2 x 1800 t and a diameter  of 1 3  mete r s  a r e  used.  The 

homogenized meal i s  s t o r e d  i n  c o n c r e t e  s t o r a g e  s i l o s  w i t h  a 

c a p a c i t y  of 2 x 5200 t and d iamete r s  of 1 3  mete r s .  

C a l c i n a t i o n :  The u n i t  i s  equipped w i t h  a 4 s t a g e  double s t r i n g  cyclone 

type p r e h e a t e r  w i t h  a p r e c a l c i n e r .  The r o t a r y  k i l n  has  a 4 .4  meter  

i n s i d e  d iamete r ,  is  68 mete r s  long ,  and l i e s  a t  3.5% i n c l i n e .  Its 

r a t e d  ou tpu t  i s  3000/3300 t / d .  



Dust emiss ion c o n t r o l :  The t o t a l  c o s t  of a l l  t h e  d u s t  c o l l e c t i o n  equipment 

is $12 m i l l i o n  (US) o r  12% of t h e  c o s t  f o r  t h e  e n t i r e  turnkey package. 

C l inker  s to rage :  C l inker  is  cooled t o  80°C above ambient temperatures  on a  

2  
102 m h o r i z o n t a l  g r a t e  c o o l e r  and then conveyed t o  a s t o r a g e  s i l o  of 

30,000 ton  c a p a c i t y ,  30 meters i n  d iamete r ,  and 40 mete r s  h igh.  

Cement g r i n d i n g i s t o r a g e :  The cement g r i n d i n g  p l a n t  c o n s i s t s  of two th ree -  

compartment a i r -swept  b a l l  m i l l s  w i t h  a  c a p a c i t y  of 80 t / h  each and 

d r i v e s  r a t e d  a t  2900 KW each.  The m i l l s  have s h e l l  l e n g t h s  of 13.6 m 

and i n s i d e  diameter  of 4.0 m.  From t h e  m i l l ,  cement i s  conveyed 

pneumat ical ly  t o  two c o n c r e t e  s i l o s  of 6000 t c a p a c i t y  each.  They 

have an  i n s i d e  diameter  of 1 3  m and a r e  35.5 m h igh.  

Product d i s p a t c h :  Most of t h e  cement is  conveyed t o  t h e  marine t e r m i n a l  by 

means of a  6000 tph b e l t  conveyor ( a l s o  r e v e r s i b l e  f o r  360 t / h  

gypsum unloading)  which is 692 mete r s  long ,  1 .05 m wide, and t r a v e l s  

a t  2.44 m/sec. From hoppers l o c a t e d  a t  t h e  ha rbor ,  cement i s  pumped 

i n t o  bu lk  cement s h i p s  which supply t h e  r e q u i r e d  compressed a i r  from 

on-board compressors.  Sh ips  a r e  loaded by 4  screw pumps of 150 t / h  

c a p a c i t y  (80 t p h  d i s c h a r g e )  .each. 

Belawan S i l o  S t a t i o n :  E igh t  s i l o s  of 2300 ton  c a p a c i t y  (each) .  S i l o s  a r e  

1 0  m e t e r s  i n  diameter  and 26 mete r s  h igh.  The f o u r  cement packers  

have a  c a p a c i t y  of 2000 bags per  hour each,  and t h e  bags a r e  loaded 

on to  t r u c k s  by means of 4 au tomat ic  and 4 manual l o a d e r s .  The 

s t a t i o n  a l s o  has  a  mobile loader  f o r  bulk  shipments.  

Power S t a t i o n :  The power s t a t i o n  is  equipped wi th  f i v e  d i e s e l  g e n e r a t o r  

sets, inc lud ing  one stand-by. The g e n e r a t o r s  burn heavy o i l  o r  

d i e s e l  o i l  and have a n  ou tpu t  of 7750 KVA (6200 KW a t  0.8 power 

f a c t o r ) .  They a r e  cooled by a  semi-closed c i r c u i t  tvDe w i t h  seawate r /  

t r e a t e d  water  h e a t  exchanger.  



Voltage d i s t r i b u t i o n  is  6.6 KV, 50 Hz, 3-phase 3-wire. Transformers 

f o r  main low v o l t a g e  d i s t r i b u t i o n  a r e  6.6 KV/.38JLJ w i t h  r a t i n g s  

between 1000 and 1500 KVA. 

Lho'nga Harbor: The l a n d i n g  j e t t y  is  designed t o  accommodate 10,000 ton 

BRT s h i p s .  A main breakwater of 200 m e t e r s  t o t a l  l e n g t h  was 

pos i t ioned  normal t o  t h e  p r e v a i l i n g  south-west winds. A 1:60 s c a l e  

2 
model morphological ly  r e p r e s e n t i n g  about  1.7 Km of harbor  a r e a  was 

cons t ruc ted  a t  Uanover U n i v e r s i t y  (Franz ius  I n s t i t u t e )  t o  determine 

t h e  probable  a v a i l a b i l i t y  f o r  v e s s e l  l o a d i n g / o f f l o a d i n g  g iven  t h e  

l a y o u t  and wave c h a r a c t e r i s t i c s .  With a  maximum s h i p  movement of 

50 cm, t h e  e v a l u a t i o n  showed t h a t  t h e  c r i t i c a l  wave h e i g h t s  and 

d i r e c t i o n s  would a f f e c t  t h e  mooring and loading/unloading work on 

t h e  j e t t y  f o r  a  t o t a l  of  on ly  9 days pe r  year .  

Another t e s t  a t  1:30 scale-down was c a r r i e d  o u t  t o  determine break- 

water s t a b i l i t y .  A cover ing  of 32-ton t e t r a p o d s  l a i d  on a  s l o p e  

of 1:1.5 along t h e  breakwater and 1:2 a t  t h e  breakwater head,  w i t h  

packing d e n s i t y  of 1 9  u n i t s  pe r  100 m2  was r e q u i r e d  f o r  ach iev ing  

adequate  s t a b i l i t y .  

Belawan Harbor: Belawan l i e s  a t  t h e  mouth of s e v e r a l  e s t u a r i e s  and a s  a  

r e s u l t  has  v e r y  poor s o i l  cond i t ions :  a  wa te r - sa tu ra ted  s i l t  l a y e r  

about 1 5  mete r s  t h i c k  l i e s  on a  2-3 meter t h i c k  sand l a y e r ,  under 

which is  a  30-meter t h i c k  water-sa tura ted c l a y  l a y e r .  Large 

u n p r e d i c t a b l e  s e t t l e m e n t s  wouzd be  expected a t  s p e c i f i c  l o a d s  

L 
g r e a t e r  than  30 KN/m . Since  ground p r e s s u r e s  under t h e  s t o r a g e  s i l o s  

2 
were c a l c u l a t e d  a t  120 KN/m , s o i l  c o n s o l i d a t i o n  o p e r a t i o n s  .were 

r e q u i r e d .  Water e x t r a c t i n n . w a s  c a r r i e d  o u t  on t h e  top  s i l t  l a y e r  

over  a  s u r f a c e  of 88 m x 54 m,  on which a  sand l a y e r  was depos i t ed  t o  



a h e i g h t  of 1 3  meters. 

P l a n t  e r e c t i o n :  Cargo was d e l i v e r e d  by l i n e r  t o  Singapore ,  where i t  was 

loaded onto  ba rges ,  t r a n s p o r t e d  t o  t h e  s i t e ,  and o f f loaded  a t  a 

t anpora ry  j e t t y  b u i l t  i n  a  nearby r i v e r  mouth. The 150-ton c rawle r  

c r a n e s  being used i n  c o n s t r u c t i o n  were a l s o  used t o  l i f t  pre- 

assembled p l a n t  p a r t s .  The e r e c t i o n  weight of s t ee lwork ,  machines, 

and e l e c t r i c a l  p a r t s  t o t a l l e d  15,000 tons .  

Cons t ruc t ion  c o s t s :  

1. turnkey p o r t i o n ,  w i t h  a  s u p p l i e r  

c r e d i t  of US$60 m i l l i o n  ( inc lud ing  

power p l a n t ,  ha rbor ,  s i l o  s t a t i o n s ,  

packing p l a n t ,  paper sack f a c t o r y )  USS135.0 m i l l i o n  

2. mobi le  quar ry  equipment US$ 6.0 m i l l i o n  

3. l a n d r i g h t s ,  housing development US$ 10.0 m i l l i o n  

4 .  d u t i e s ,  t a x e s ,  f i n a n c e ,  working 

c a p i t a l  US$ 23.0 m i l l i o n  

5,  eng ineer ing  and p re -opera t iona l  

management 

6. con t ingenc ies  

US$ 11.0 m i l l i o n  

US$ 15.0  m i l l i o n  - 
US$200.0 m i l l i o n  

The l e t t e r  of i n t e n t  was i s s u e d  on 14 March 1980 and t h e  c o n t r a c t  

awarded on 9 June  1980, w i t h  a c o n t r a c t u a l  c o n s t r u c t i o n  per iod  of 

33 months. 



1 I I . C .  2 Cement P l a n t  

Locat ion:  T i l b u r y  I s l a n d ,  i n  t h e  s o u t h  a r m  of t h e  F r a s e r  River  ( see  

F igure  1II .C-3),  approximately  34 Km s o u t h  of Vancouver. 

Owners: Genstar Cement Limited 

Star t -up:  1978 

Output: 1 m i l l i o n  t o n s / y e a r  

Flowsheet: See F i g u r e  1II .C-4 

Raw m a t e r i a l s :  A l l  major raw m a t e r i a l s  a r e  d e l i v e r e d  by barges  ranging 

i n  c a p a c i t y  from 4000 tons  t o  11,000 tons .  

Discharging: Front-end l o a d e r s  move t h e  m a t e r i a l s  o n t o  a conveyor 

system a t  r a t e s  up t o  1000 tph .  Self -unloading barges  a r e  recommended, 

however, t o  avoid  t h e  need f o r  s k i l l e d  front-end l o a d e r  o p e r a t o r s .  

Product  shipment: Cement ba rges  and ocean-going v e s s e l s  of up t o  10,800 tons  

a r e  handled a t  t h e  dock w i t h  load ing  r a t e s  of 250-500 tph.  C l inker  

i s  shipped by a s p e c i a l l y  designed se l f -unloading barge ,  which i s  

loaded v i a  conveyor a t  r a t e s  up t o  700 t / h .  

Raw m a t e r i a l  s to rage :  A l l  raw m a t e r i a l s  excep t  those  f o r  masonry cement a r e  

s t o r e d  s e p a r a t e l y  i n  a covered A-frame s t o r a g e  b u i l d i n g  which i s  

59 m x 215 m,  w i t h  a c a p a c i t y  of about  100,000 t .  M a t e r i a l  i s  

i n d i v i d u a l l y  reclaimed using a p o r t a l  r e c l a i m e r  of 650 t / h .  

E l e c t r i c a l  power connect ions:  See Table  1 I I . C - 1 .  I f  a l l  systems were 

allowed t o  o p e r a t e  t o g e t h e r ,  a peak load  of 23 MWs would r e s u l t .  



FIGURE I11 .c-3 

LOCATION MAP OF THE GENSTAR CEMENT LTD. 

PLANT AT TILBURY ISLAND, CANADA 

Source: I .E .E .E .  Cement I n d u s t r y  Technical  Conference,  1979.  



CLINKER CRUSHER 
CLINKER SILOS, GYPSUM SILO, 

ANU MASONRY L l  MESTONE SILO @ DOCK S I L O S  
F IN ISH M I L L S  (3 P A C K  HOUSE AND P A C K  S I I  O S  a - - - - 

FIGURE II1.C-4 FLOW SHEET - GENSTAR CEMENT LTD. - TILRURY PLANT 

S o u r c e :  I .E.E.E. Cement I n d u s t r y  T e c h n i c a l  C o n f e r e n c e ,  1 9 7 9 .  



TABLE 111. C-1 

APPROXIMATE HORSEPOWER AVAILABLE AND 

IN USE FOR TILBURY ISLAND CEMENT PLANT 

OPERATION 

A c t i v i t y  Connected HP HP i n  U s e  

1. Raw m a t e r i a l  u n l o a d i n g  - 
t h r e e  s e p a r a t e  m a t e r i a l s  a r e  
conveyed on t h i s  sys tem t o  
d i f f e r e n t  l o c a t i o n s .  One 
m a t e r i a l  is  t r a n s p o r t e d  a t  
a  t i m e .  

2. Rec la iming  

3. R o l l e r  m i l l  

4. Homogen iza t ion /k i ln  f e e d  

5. K i l n  d r i v e  

6. F i n i s h  m i l l  1 

7. F i n i s h  m i l l  2  

8. C l i n k e r  b a r g e  l o a d i n g  

9. Pack ing  and t r u c k  l o a d i n g  

10. Cement b a r g e  l o a d i n g  
(pneumat i c ,  2 l i n e s  w i t h  
1250 HP p e r  l i n e )  

TOTAL 

Source: I.E.E.E. Cement Industry Technical Conference, 1979. 



111.~. 3 Cement P l a n t  

Location: Sandchok, Korea 

Owners: Tong Yang Cement Co. 

Star t -up:  1938, expanded by a d d i t i o n  of two 900,000 MT/yr k i l n s  i n  1975. 

Output: 2.8 m i l l i o n  t o n s  pe r  year  

Layout: See F igure  1 1 1 . ~ - 5  

P l a n t  f e a t u r e s :  Before  t h e  l a t e s t  expansion,  t h e  p l a n t  t o t a l l e d  1 m i l l i o n  

tpy porduct ion,  us ing  t h r e e  k i l n s  and s e v e r a l  raw and f i n i s h  

g r ind ing  m i l l s .  The 1975 a d d i t i o n  p rov ides  1 . 8  m i l l i o n  tons  per 

year  us ing  twin p rehea te r - type  k i l n s ,  e l e c t r o s t a t i c  p r e c i p i t a t o r s ,  two 

5000 hp raw g r i n d i n g  m i l l s  w i t h  a i r  s e p a r a t o r s  and r o t a r y  d r i e r s ,  

and t h r e e  5000 hp f i n i s h  g r i n d i n g  m i l l s .  

Quar r i es :  Two new q u a r r i e s  were developed. One has  a 1000 tph primary 

g y r a t o r y  c r u s h e r .  A f t e r  secondary c r u s h i n g ,  raw m a t e r i a l  is  conveyed 

t o  t h e  l imes tone  s t o r a g e  a r e a .  The o t h e r  quar ry  i n c l u d e s  a new 500 

tph  jaw c rusher  and a r e l o c a t e d  500 tph supplementary jaw c r u s h e r .  

Ten over land b e l t  conveyors t r a n s p o r t  t h e  l imes tone  and o t h e r  

crushed raw m a t e r i a l s  t o  t h e  s t a c k i n g  a r e a .  These b e l t s  p rov ide  76 t o  470 

mete r s  of t r a n s p o r t  a c r o s s  a mountainous t e r r a i n  t o  t h e  p l a n t  s i t e .  

P r i n c i p a l  equipment: See Table  1II.C-2. 

Power d i s t r i b u t i o n :  The t o t a l  p l a n t  (old and new s e c t i o n )  i n c l u d e s  90,000 

HP of connected l o a d ,  served from t h r e e  154 KV t r ans formers .  

Transformer r a t i n g s  a r e  g iven  i n  Table 1II.C-3. 
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SCALE 

FIGURE 1 I I . C -  5 

PLOT PLAN - SAMCHOK PLANT 

Source: I.E.E.E. Cement I n d u s t r y  Technical  Conference, 1976 



TABLE 1II.C-2 

PRINCIPAL EQUIPMENT AND DRIVES AT THE 

SAMCHOK PLANT 

EQU 1 PMENT S I Z E ,  EACH D R I V E ,  h p  

Q u a r r y  4 5  G y r a t o r y  P r i m a r y  C r u s h e r  1000 YTIh o f  6" r o c k  2 5 0  
Q u a r r y  4 6  J a w  P r i m a r y  C r u s h e r  5 0 0  MTIh o f  6" r o c k  2 0 0  
Q u a r r y  4 6  Jaw P r i m a r y  C r u s h e r  5 0 0  MT/h o f  6 "  r o c k  2 0 0  
Q u a r r y  4 5  Hammermi l l  S e c o n d a r y  
C r u s h e r  500 MT/h 

4 0 0  
Q u a r r y  4 5  Hammermil l  S e c o n d a r y  
C r u s h e r  

6 "  r o c k  t o  90% - 1 "  6 0 0  
Q u a r r y  46 Hammermil l  S e c o n d a r y  
C r u s h e r  5 0 0  MT/h 6 0 0  
I A U -  7 r. 

I 
=v u - r r m L l ~  a e c o n a a r y  

C r u s h e r  --, 6 0 0  
1 L i m e s t o n e  Storage P i l e  136.000 MI' -- 

2 0  L i m e s t o n e  S t o r a g e  R e c l a i m i n g  2 0 0  YTlh U n d e r p l l e  V i b r a t i n g  F e e d e r s  I 
2  R o t a r y  D r i e r s  55 MTIh 

1 2 5  
2  Raw A i r  S e p a r a t o r s  2 4 0  MTIh 5 0 0  
9 Q-." PI,, . . i 7 . -  - - - I 

5 0 0 0  Syn. 
2  B l e n d i n g  & S t o r a g e  S i l o e  1 8 6 0 0  MT - 
2  P r e h e a t e r  K i l n s  2200/3000*LIT/d 

5 0 0  
2  G r a t e  C o o l e r s  . 2200/3000*LITld 

3-30 
4 P r e h e a t e r  (ID) F a n s  2 7 2 0 0 0 ~ ~ / 1 i ~  @ 343'C k 9 4 0  mm H20. 1500 
1 C l i n k e r  Storage P i l e  217000 

2 2  C l i n k e r  R e c l a i m i n g  2 0 0  MTIh U n d e r p i l e  F e e d  G a t e s  
3 F i n i s h  A i r  S e p a r a t o r s  100 MTIh 5 0 0  
? F i r n i c k  Pill "A?.- - - - 

- - -  - - . -  -- "' 
2  Cement  S i l o s  1 0 0 0 0  MT - 

F u t u r e  r a t i n g  when f l a s h  cal,,,,.., ,, .uue~. 

Syn  - S y n c h r o n o u s  motor w i t h  c l u t c h .  

Source: I.E.E.E. Cement I n d u s t r y  Technical  Conference. 1 9 7 6  



TABLE 1II.C-3 

SUBSTATION TRANSFORMER RATINGS AT THE 

SAMCHOK PLANT 

VOLTAGE kV TRANSFORMER MVA % IMPEDANCE 

Main Substat  l o n  ( 2 )  154-13.8 30133.6 1 2 . 5  
(1 )  154-66 2  5 12 

4160V b y  departments 

R a w  ~I I  111s. b lending 
and k l l n s  (2) 13.8-4 .16  

F in i sh  m i l l  
sepal'at  o r s  ( 1 )  13 .8-4 .16  

Quarries ,  c rushers ,  
compressors ( 3 )  13 .8-4 .16  

Relocated crushers  (1) 1 . 1 6 - 3 . 3  

480V by departments ( 6 )  13 .8 -0 .48  

( 3 )  13 .8-0 .48  

( 1 )  13 .8-0 .48  

( 6 )  13 .8 -0 .48  

Ki ln  Drives  ( 2 )  4 .16-0 .48  

Harbor ( 1 )  13 .8-0 .48  

Source: I.E.E.E. Cement I n d u s t r y  Technical  Conference, 1976.  
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TABLE 1 I I . D - 1  

CEMENT PRODUCTION AND CONSUMPTION I N  SELECTED COUNTRIES 
- - -- * - - - - - - - - - . - 

hdszlm WU- T-) OtlllimTam) -2) 
2- %sure  

d W  rd krld 
Rad. bl Cans. h 

1 9 s  1973 Sf31 1981 1950 1973 1981 1981 19Y) 1973 1981 

XabtrM &muim (E9) 

- ~ a o c  7.2 31.9 29.5 3.4 6.4 28.9 27.0 3.0 I55 573 501 - PBofGmmy 10.9 40.9 3l.2 3.4 9.6 39.7 29.3 3.3 Po 6(*0 475 - I&ly 5.0 36.7 43.1 4.9 5.2 35.7 42.7 4.8 111 648 746 -* 4.5 77.7 84.4 10.2 4.0 77.7 77.9 8.8 48 715 659 - IJ'M 30.0 73.9 65.0 7.4 30.0 78.4 66.5 7.5 251 374 a39 -- 2.1 22.6 3.5 3.5 2.0 21.6 18.5 2.1 73 619 491 
- 0 t k r u  26.9 85.1 63.4 6.5 21.9 €3.7 69.5 8.1 --- - 

Subtod  94.6 368.8 366.4 39.3 370.7 37.5 --- - --- - 
kltrally P h x d  Ehlm&¶ (a!%) 

- LlSSR 1 0 . 2 l B . 4 M . O  14.4 10.2106.7 U4.6 14.1 53 627 465 - ~ l o w a k l a  18 8.3 10.6 13  1.6 9.1 10.7 1.2 U2 624 702 
- R & d  2.5 l5.5 14.2 1.6 2.4 17.0 U.9 1.6 95 510 388 - Ochcr~ 2.1 16.1 21.6 2.4 2.1 L5.8 19.5 2.2 --- - --- - 

Slbcotal 16.6 149.3 173.4 19.6 16.3 148.6 168.7 19.1 --- - --- - 
l u g h ~ o l l ~ ~  

Gammlea (HI-) 

- Kudt - 0.3 1 3  0.2 - 0.7 1.9 0.2 - Sad1 A r a b  - 1.0 3.4 0.4 - 1.5 L5.6 1.7 - Ockm - 0.2 5.0 0.6 - - -  - 2.6 8.0 0.9 - - 
Sukool  - 1.5 9.9 1.2 - 4.8 25.5 2.9 

ns. 197.7 353.2 --- 

t I  Source: Fog, M.H., and Nadkarni, K.L., Energy Ef f i c i ency  and Fuel  S u b s t i t u t i o n  
t h e  Cement Indus t ry  wi th  Emphasis on Developing Countries", World Bank 
Technical  Paper,  198 3 ,  
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TABLE 111 .D-2 (Cont ' d )  

Borer Or n o t a r  Saml-Or Rotar Wet Vertlc.1 Shaf t  
NO. of  'Pypc If L p a c l t y  No. of Typeyot Qp:clty Type If ~ a p a c i t r  No. of  Type of  b p a c l t y  
Klln. Fue l  ('000 ton.) Ki ln.  Fuel  ('MY) tonw) k l l n a  Fuel  ( '000 tons )  k i l n s  Fuel  ( '000 tons )  

- Ar1entlna 
- Mahaus 
- 8 o l l v l a  
- mr.*11 
- C h i l e  
- Colombl. 
- C0.t. RiC. 
- Dominican k p u b l l c  
- Ecuador 
- E l  Salvador 
- Cuate*ala 
- b t t l  
- Bonduraa 
- J a n l c a  - I(cx1co - Y i c a r a y a  
- Pmnua 
- Paraguay - Peru 
- Puerto Rico 
- Tr ln ldad  and Tob.10 
- Uruguay 
- Veneruela 

s u b t o t a l  f o r  b e r l c a  

- No. of kiln* 
- capac i t y  

T o t a l  
No. o f  Type o f  Capaci ty  
k l l n m  Fuel  ('000 tons) 
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-- Rotary Wet V e r t l c a l  S h a f t  T o t a l  

Klls. Fuel ( '000 t o n s )  Kiln. Fuel ( '000  ton.) Kilna F u r l  ( ' 0 0 0  ton.) Kiln. Fuel ( ' 0 0 0  ton.) Kllna Fuel  ('OM) ton#)  

- Afghaniatan - Bangladeah 
- Lru - China - Ind ia  51 - Indonemla - I r an  bl - I r a q  - Jordan 
- lore. - Lebanon - h l a y l i a  
- Nepal 
- Pakintan - P h l l i p p t n t s  
- S r i  L n k a  - Syria 
- Ta1r.n 
- Thatland - Yemen Arab Repuhllc 

SuhtotaL f o r  *.La 
- Excluding Chlna 

Including Chlna - 

Ols t r lbuc lon  by Type of 
Proce.. ( 1 )  - 

0  

n... 
0.c 

0  
0.c 

0  
0  
n 

0  

0  
0 

0.c 
0 

- No. o f  Ki lns )  Excluding 39 
- Capaci ty ) China 

n.1. n... 'I... 

a/ Doe. not  inc lude  mini-cewnt p l a n t s  and s o l e  n e r  p lan ta  under e o n a t r u c t i a n .  
6/ cement c a p a c ~ t r .  - 
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CEMENT TYPES AND PRODUCTS 

1. Cl inker .  - Heating a  p r o p e r l y  p ropor t ioned  mix ture  of f i n e l y  ground raw 

m a t e r i a l s  c o n t a i n i n g  calc ium carbona te ,  s i l i c a ,  alumina,  and u s u a l l y  i r o n  

ox ide  i n  a  k i l n  t o  a  temperature  a t  which p a r t i a l  f u s i o n  o c c u r s  produces 

a  subs tance  c a l l e d  c l i n k e r .  Chemically, c l i n k e r  comprises f o u r  main phases  

of v a r i o u s  p r o p o r t i o n s  of t r i c a l c i u m  s i l i c a t e  (C S ) ,  d ica lc ium s i l i c a t e  3  

(C S ) ,  t r i c a l c i u m  a lumina te  (C3A), t e t r a c a l c i u m  a l u m i n o f e r r i t e  (C AF), 2  4 

minor amounts of calcium s u l p h a t e  (CaSO ) ,  and u s u a l l y ,  bu t  n o t  n e c e s s a r i l y  4 

magnesia (MgO), l i m e  (CaO), and v a r i o u s  a l k a l i e s ,  depending on raw m a t e r i a l s  

used and type  of cement manufactured.  C l i n k e r ,  ranging i n  p a r t i c l e  s i z e  

from f i n e  sand g r a i n s  t o  walnut s i z e ,  i s  ground w i t h  a  small amount of calcium 

s u l p h a t e ,  u s u a l l y  gypsum o r  a n h y d r i t e  (2% t o  5%), t o  make p o r t l a n d  cement. 

2. P o r t l a n d  Cement. - P o r t l a n d  cement is produced by p u l v e r i z i n g  c l i n k e r  

c o n s i s t i n g  e s s e n t i a l l y  of h y d r a u l i c  calcium s i l i c a t e s  and u s u a l l y  c o n t a i n i n g  

one o r  more of t h e  forms of calcium s u l p h a t e  a s  an  in te rg round  a d d i t i o n .  

ASTM s p e c i f i e s  f i v e  t y p e s  of por t l and  cement, based most ly  on t h e  p r o p o r t i o n s  

of C S, C S, and C A i n  t h e  cement: Type I ,  f o r  u s e  when s p e c i a l  p r o p e r t i e s  3 2  3  

s p e c i f i e d  f o r  any o t h e r  types  a r e  n o t  r e q u i r e d ;  Type 11, f o r  g e n e r a l  u s e ,  

more e s p e c i a l l y  when moderate s u l p h a t e  r e s i s t a n c e  o r  moderate h e a t  of 

hydra t ion  is d e s i r e d ;  Type 111, f o r  u s e  when h igh  e a r l y  s t r e n g t h  i s  r e q u i r e d ;  

Type I V Y  f o r  use  when a  low h e a t  of h y d r a t i o n  is d e s i r e d ;  and Type V ,  f o r  u s e  

when high s u l p h a t e  r e s i s t a n c e  i s  requ i red .  ASTM s p e c i f i c a t i o n s  i n c l u d e  t h r e e  

a d d i t i o n a l  types  of p o r t l a n d  cement des igna ted  Type I A ,  Type I IA,  and Type 

I I I A  t h a t  a r e  r e s p e c t i v e l y  a i r - e n t r a i n i n g  cements f o r  t h e  same uses  a s  



TMLE 111 .D-3 (Cont 'd)  

Type I ,  Type 11, and Type 1.11. Air -en t ra in ing  p o r t l a n d  cement is  produced i n  

e s s e n t i a l l y  t h e  same way as por t l and  cement b u t  w i t h  t h e  a d d i t i o n  of an 

in te rg round  a i r - e n t r a i n i n g  agen t .  

3 .  White Cement. - White cement is  made from i r o n - f r e e  m a t e r i a l s  of 

e x c e p t i o n a l  p u r i t y ,  u s u a l l y  l imes tone ,  ch ina  c l a y  of k a o l i n ,  and s i l i c a .  

C l i n k e r  is burned w i t h  a  reducing flame i n  t h e  k i l n  and r a p i d l y  quenched i n  a  

water  sp ray  t o  keep any i r o n  i n  t h e  f e r r o u s  s t a t e  t o  avoid c o l o r a t i o n  by 

f e r r i c  i o n s .  C l inker  i s  ground w i t h  h igh-pur i ty  whi te  gypsum using ceramic 

b a l l s  and l i n e r s  i n  g r ind ing  m i l l s ;  r e c e n t l y  high-chromium a l l o y s  have been 

used f o r  l i n e r s  and g r i n d i n g  media. White cement conforms t o  p o r t l a n d  

cement s p e c i f i c a t i o n s  f o r  t h e  v a r i o u s  t y p e s  and i s  used i n  d e c o r a t i v e  

c o n c r e t e  inc lud ing  t e r r a z z o ,  highway l a n e  markers,  and a r c h i t e c t u r a l  

concre te .  

4. Masonry Cement. - Masonry cement is a  h y d r a u l i c  cement f o r  u s e  i n  

m o r t a r s  f o r  masonry c o n s t r u c t i o n ,  con ta in ing  one o r  more of t h e  fo l lowing  

m a t e r i a l s :  P o r t l a n d  cement, port land-pozzolan cement, s l a g  cement, o r  

hydrau l ic  l ime,  u s u a l l y  w i t h  hydrated l ime , l imes tone ,  c h a l k ,  ca lca reous  

s h a l e ,  t a l c ,  s l a g ,  o r  c l a y  in te rg round  f o r  p l a s t i c i t y .  

5. Por t land-Blas t  Furnace S lag  Cement. - This  type i s  e s s e n t i a l l y  an  

i n t i m a t e l y  in terground mixture  of p o r t l a n d  cement c l i n k e r  and g ranu la ted  

b l a s t  fu rnace  s l a g ,  o r  an i n t i m a t e  and uniform blend of p o r t l a n d  cement and 

f i n e  g r a n u l a t e d  b l a s t  fu rnace  s l a g  i n  which t h e  m o u n t  of t h e  s l a g  c o n s t i t u e n t  

is between 252 and 55% of t h e  t o t a l  weight  of blended cement. Type I S 
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p o r t l a n d - b l a s t  f u r n a c e  s l a g  cement i s  f o r  g e n e r a l  c o n c r e t e  c o n s t r u c t i o n .  

6 .  S l a g  Cement. - Slag  cement i s  a f i n e l y  d iv ided  m a t e r i a l  c o n s i s t i n g  

e s s e n t i a l l y  of an i n t i m a t e  and uniform blend of g ranu la ted  b l a s t  f u r n a c e  

s l a g  and hydrated l ime  i n  which t h e  s l a g  c o n s t i t u e n t  i s  a t  l e a s t  60% of t h e  

t o t a l  weight  of blended cement. Type S-slag is f o r  u s e  i n  combination w i t h  

p o r t l a n d  cement i n  making c o n c r e t e  and i n  combination w i t h  hydrated l ime  

i n  making masonry mor ta r .  

7 .  Portland-Pozzolan Cement. - Pozzolan is a s i l i c e o u s  o r  s i l i c e o u s  and 

aluminous m a t e r i a l  t h a t  i n  i t s e l f  possesses  l i t t l e  o r  no cement i t ious  v a l u e  

bu t  t h a t  w i l l ,  i n  f i n e l y  d iv ided  form and i n  t h e  presence of m o i s t u r e ,  

chemical ly  r e a c t  w i t h  calc ium hydroxide a t  o r d i n a r y  temperatures  t o  form 

compounds possess ing  cement i t ious  p r o p e r t i e s .  F l y  a s h  is  a pozzo lan ic  

m a t e r i a l ,  and is t h e  f i n e l y  d iv ided  r e s i d u e  c o l l e c t e d  from f l u e  g a s e s  

produced from combustion of ground o r  powdered c o a l .  Na tura l  pozzolans a r e  

m a t e r i a l s  occur ing i n  n a t u r a l  s t a t e  such a s  some diatomaceous e a r t h s ,  o p a l i n e  c h e r t s  

and s h a l e s ,  t u f f s ,  v o l c a n i c  ash ,  and pumic i t es .  Calc ined pozzolans  a r e  

produced by c a l c i n a t i o n  of n a t u r a l  s i l i c e o u s  o r  a lumino-s i l iceous  e a r t h s  

f o r  t h e  purpose of a c t i v a t i o n  of pozzolanic  p r o p e r t i e s .  Portland-pozzolan 

cement, an i n t i m a t e  and uniform blend of p o r t l a n d  cement o r  p o r t l a n d - b l a s t  

f u r n a c e  s l a g  cement and f i n e  pozzolan,  i s  produced by i n t e g r i n d i n g  p o r t l a n d  

cement c l i n k e r  and pozzolan,  by blending p o r t l a n d  cement o r  p o r t l a n d - b l a s t  

f u r n a c e  s l a g  cement and f i n e l y  d i v i d e d  pozzolan o r  a combination of 

i n t e r g r i n d i n g  and blending i n  which t h e  amount of t h e  pozzolan c o n s t i t u e n t  
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is between 15% and 40% of t h e  t o t a l  weight of blended cement. Type I P 

por t l and-pozzo lan-  cement is f o r  u s e  i n  g e n e r a l  c o n c r e t e  c o n s t r u c t i o n ,  and 

type P i s  f o r  u s e  i n  c o n c r e t e  c o n s t r u c t i o n  where high s t r e n g t h s -  a t  e a r l y  ages  

a r e  n o t  r equ i red .  

8. Pozzolan - Modified P o r t l a n d  Cement. - The c o n s t i t u e n t s  i n  t h i s  type  of 

cement are t h e  same a s  t h o s e  f o r  portland-pozzolan cement, and t h e  methods of 

p roduc t ion  a r e  a l s o  t h e  same. However, t h e  amount of pozzolan c o n s t i t u e n t  i s  

less than  15% of  t h e  t o t a l  weight of blended cement. Type I (PM) pozzolan- 

modified p o r t l a n d  cement is  f o r  g e n e r a l  c o n c r e t e  c o n s t r u c t i o n .  

9. O i l - W e l l  Cement. - O i l - w e l l  cement was developed t o  s e a l  o i l  and g a s  

w e l l s  under p r e s s u r e s  up t o  18,000 pounds p e r  s q u a r e  i n c h  and temperatures  

up t o  350°F. These cements a r e  r e q u i r e d  t o  remain f l u i d  up t o  about  4  hours  

and then  harden r a p i d l y .  S e t t i n g  t i m e  i s  c o n t r o l l e d  by reducing C A t o  3 

n e a r l y  ze ro  o r  adding t o  p o r t l a n d  cement some r e t a r d e r  such a s  s t a r c h e s  o r  

c e l l u l o s e  p roduc t s ,  s u g a r s ,  and a c i d s  o r  salts of a c i d s  con ta in ing  one o r  

more hydroxyl groups.  

10. Expansive Cement. - Expansive cement i s  a  h y d r a u l i c  cement t h a t  t ends  t o  

i n c r e a s e  i n  volume a f t e r  s e t t i n g  dur ing t h e  e a r l y  hardening per iod ,  due t o  

t h e  format ion of chemical  subs tances  such a s  calcium sulpho-aluminate hydra te ,  

which causes  expansion equal  t o  o r  g r e a t e r  than  t h e  sh r inkage  t h a t  would 

normally occur dur ing t h e  hardening p rocess .  

11. Regulated-Set Cement. - Regulated-set  cement i s  a  h y d r a u l i c  cement, t h e  

s e t t i n g  t ime of which can be c o n t r o l l e d  from a  few minutes  t o  30 minutes  o r  
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more. The rapid-hardening modified p o r t l a n d  cement develops  v e r y  h i g h  e a r l y  

s t r e n g t h s .  Promising a p p l i c a t i o n s  i n c l u d e  highway r e s u r f a c i n g  and paving 

pa tch ing ,  underwater pa tch ing ,  manufacturing c o n c r e t e  p i p e ,  b locks ,  and 

p r e s t r e s s e d  p r e c a s t  forms, a s  w e l l  a s  use  i n  s l i p  form s t r u c t u r e s .  

12.  Aluminous Cement. - Sometimes known a s  calcium aluminate  cement, high- 

alumina cement, o r  "Ciment Fondu", aluminous cement i s  a  h y d r a u l i c  

nonport land cement c o n t a i n i n g  monocalcium a lumina te  (CA) a s  t h e  predominant 

cement i t ious  compound t h a t  s e t s  a t  about t h e  same r a t e  a s  p o r t l a n d  cement 

bu t  hardens v e r y  r a p i d l y ,  a t t a i n i n g  h igh  s t r e n g t h  i n  24 hours.  Aluminous 

cements a r e  produced mainly from r e l a t i v e l y  high-pur i ty  b a u x i t e  and 

l imes tone  w i t h  v e r y  low s i l i c a  and magnesia c o n t e n t  w i t h i n  t h e  temperature  

range  of 2,700" t o  2,900°F. S p e c i a l  a p p l i c a t i o n s  of aluminous cement a r e  

based on i t s  rapid-hardening q u a l i t i e s ,  r e s i s t a n c e  t o  s u l p h a t e  a c t i o n ,  and 

r e f r a c t o r y  p r o p e r t i e s  when used as"  c a s t a b l e  r e f r a c t o r i e s "  and m o r t a r s  f o r  

fu rnaces  and k i l n s .  

13.  Concrete.  - A propor t ioned  mix ture  of i n e r t  minera l  aggrega tes  of sand 

and g r a v e l  o r  crushed s tone ,  c o n c r e t e  is  bound t o g e t h e r  by a  p a s t e  of 

h y d r a u l i c  cement and water  i n t o  a  monol i th ic  mass when t h e  binder  s e t s  and 

hardens through t h e  chemical  a c t i o n  of cement and water .  A mixture  of cement, 

wa te r ,  and f i n e  a g g r e g a t e  is  c a l l e d  mor ta r ;  c o n c r e t e  c o n t a i n s  c o a r s e  

aggrega te  i n  a d d i t i o n .  

Source: U.S. Bureau of Mines, "Mineral F a c t s  and Problems", e d i t i o n  1980. 



BIBLIOGRAPHY 

1. U.S. Bureau o f  Mines, "Mineral F a c t s  and Problems", ed. 1980. 

2. Fog, M.H., and Nadkarni, K.L., "Energy E f f i c i e n c y  and Fue l  S u b s t i t u t i o n  
i n  t h e  Cement I n d u s t r y  w i t h  Emphasis on Developing Countries",  World Bank 
Technical  Paper,  1983. 

3. The World Bank, O f f i c e  of Environmental A f f a i r s ,  "Environmental Guidel ines" ,  
1984. 

4. Three "I" P u b l i c a t i o n s  Ltd., "Cement Technology & P l a n t  Engineering.  Guide 
t o  Japanese  Processes  and P r o f i l e  of Firms", 1980. 

5. I.E.E.E. Cement I n d u s t r y  Technical  Conference, Proceedings ,  1976. 

6. I.E.E.E. Cement I n d u s t r y  Technical  Conference, Proceedings ,  1979. 

7 .  H.P. Drewry Shipping Consu l tan t s  Ltd . ,  "World Seaborne Cement Trade, 
Transpor t  and Handling", London, 1983. 

8. Byland, P., and B. d e  Quervain ,  "Zement-Kalk-Gips", N r .  711982. 

9. UNIDO, "The Manufacture of Cement and Su lphur ic  Acid from Calcium 
Sulphate" ,  ID/63, New York, 1971. 



FERTILIZERS 





1V.A Data Sheet 

I V . A . l  General  

F e r t i l i z e r s  may be graded e i t h e r  by t h e  e lementa l  r a t i n g  (Ni t rogen,  

N;  Phosphorus, P; Potassium, K), o r  by t h e  n u t r i e n t  r a t i n g  (Ni t rogen,  N ;  

Phosphorus pentoxide,  P205; Potassium oxide,  K20). Both systems a r e  i n  use 

today. The above n u t r i e n t s  a r e  important  s i n g l y ,  bu t  a l s o  a s  combination 

products  f o r  shipment. 

F e r t i l i z e r  raw m a t e r i a l s  a r e  g e n e r a l l y  u n s u i t a b l e  wi thout  p rocess ing .  

The type  and l o c a t i o n  of t h e  p rocess ing  a r e  important  f o r  determining sea  

t r a n s p o r t a t i o n  requirements :  i n  p a r t i c u l a r  t h e  c o n c e n t r a t i o n  of n u t r i e n t  i n  

t h e  product  and whether l o c a t i o n  is  a t  raw m a t e r i a l  source ,  d e s t i n a t i o n  o r  

i n t e r m e d i a t e  l o c a t i o n .  

IV.A.2 Phosphat ic  F e r t i l i z e r s  

Phosphates a r e  t h e  l a r g e s t  volume of f e r t i l i z e r s  i n  i n t e r n a t i o n a l  

t r a d e .  They tend t o  be shipped i n  low n u t r i e n t  c o n c e n t r a t i o n s ,  which means 

high volumes. The p r i n c i p a l  commodity i s  phosphate rock,  which has a  n u t r i e n t  

r a t i n g  of between 0.12.0 and 0.32.0. Phosphate rock  i s  used t o  produce 

phosphoric a c i d  ( n u t r i e n t  r a t i n g :  0.54.0). Large volumes of waste  gypsum a r e  

generated a s  by-product of t h e  phosphoric a c i d  product ion p rocess .  

For phosphoric a c i d  p roduc t ion  of 120,000 t / a  (using phosphate rock 

w i t h  33% P 0  ),  t h e  requirements  per  ton of ou tpu t  a r e :  2  5  

Phosphate rock 3.22 t 

Su lphur ic  a c i d  2.78 t 

Water 150 t 



E l e c t r i c i t y  

Steam 1.9  t 

Labour 0.0003 (3000 t /m/a)  

Phosphoric a c i d  toge ther  wi th  o t h e r  commodities such a s  sulphur  i s  

used t o  produce a v a r i e t y  of f e r t i l i z e r s ,  t h e  most important  being t r i p l e  

superphosphate (TSP) i n  g r a n u l a r  and non-granular form w i t h  n u t r i e n t  r a t i n g  

0.45.0; s i n g l e  superphosphate w i t h  r a t i n g  0.18.0; and t h e  m u l t i n u t r i e n t  

f e r t i l i z e r s  monoammonium phosphate ( M A P )  w i t h  r a t i n g  11.55.0, and diammonium 

phosphate (DAP) wi th .  r a t i n g  18.46.0. 

Phosphate complexes producing s e v e r a l  p roduc t s  may, i n  a d d i t i o n  t o  the 

requirement f o r  phosphoric a c i d  product ion,  r e q u i r e  t h e  fol lowing t o  produce 

e i t h e r  (a )  250,000 t / a  of DAP o r  (b) 357,000 t / a  of TSP (when produced i n  

con junc t ion  w i t h  phsophoric a c i d  manufacture) per  ton  of product:  

Sulphur 

DM TSP 

0 . 4 5  t 0.33 t 

Phosphate rock 1.52 t 1.65 t 

Ammonia 0.22 t n i l  

The product ion of one t o n  of SSP w i t h  20% a v a i l a b l e  P205 con ten t  

r e q u i r e s  : 

Phosphate rock  (34% P205) 0.626 t 

Sulphur ic  a c i d  (93% H2S04) 0.39 t 

Water 0.09 t 

E l e c t r i c i t y  

Product ion p rocess  3 KWh 

Rock gr ind ing  7-25 Kwh 

Labor 0.15 man-hours 



and 40,000 dwt, o r  a s  "bottom cargot '  i n  multi-decked conven t iona l  cargo v e s s e l s .  

Phosphoric a c i d  is  c a r r i e d  e i t h e r  i n  a  l i m i t e d  f l e e t  of ded ica ted  t a n k e r s  w i t h  

rubber  l i n e d ,  s t e e l  t anks  ( c a p a c i t i e s  va ry  between 5,000 and 25,000 dwt ) ,  o r  

i n  t h e  s t a i n l e s s  s t e e l  tanked p a r c e l  f l e e t  w i t h  s h i p s  of up t o  30,000 dwt. 

The phsophat ic  f e r t i l i z e r s  TSP, SSP, and t h e  compound f e r t i l i z e r s  MAP 

and DAP,  may be shipped i n  bagged o r  b u l k  form w i t h  bu lk  being p a r t i c u l a r l y  

popular .  The USA is t h e  l a r g e s t  e x p o r t e r  of MAP and DAP and t h e s e  e x p o r t s  may 

be i n  bu lk  shipments t o  China, f o r  example, of about 54,000 dwt a l though  t h e  

average i s  about 31,000 dwt. For o t h e r  t r a d e  r o u t e s  shipments may t y p i c a l l y  

be between 10,000 and 20,000 dwt. 

IV.A.3 Nitrogenous F e r t i l i z e r s  

The k e y . m a t e r i a 1  f o r  n i t rogenous  f e r t i l i z e r  manufacture is  s y n t h e t i c  

ammonia (NH ) ,  which can be app l ied  d i r e c t l y  a s  a  f e r t i l i z e r  i t s e l f  o r  used 
3  

as a f e e d s t o c k  f o r  manufacture of o t h e r  n i t rogenous  f e r t i l i z e r s .  Ammonia i s  

produced by c a t a l y t i c  r e a c t i o n  between n i t r o g e n  from a i r ,  and hydrogen from 

1 I s y n t h e s i s  gas", which i s  prepared from steam and v a r i o u s  hydrocarbon raw 

m a t e r f a l s ,  most ly  n a t u r a l  gas.  For a  330,000 t / a  ammonia p l a n t ,  t h e  fol lowing 

a r e  r e q u i r e d  per  tonne of product :  

N a t u r a l  gas  36 GJ or 1100 cu m 

E l e c t r i c i t y  20 - 35 kwh 

Water 200 t (which may be  reduced by r e c i r c u l a t i o n )  

Land 0.2 - 0.3 sq  m 

Personnel  0.0005 (say 2,200 t /m/yr)  



Ammonia ( n u t r i e n t  r a t i n g :  82.0.0) i s  shipped a s  l i q u i f i e d  ammonia 

gas  i n  s p e c i a l l y  c o n s t r u c t e d  cryogenic  c a r r i e r s  of up t o  50,000 cu m. 

Urea w i t h  a  n u t r i e n t  r a t i n g  of 46.0.0 is  t h e  most popular  n i t rogenous  

f e r t i l i z e r .  It is a downstream product  of ammonia g a s ,  and i t s  manufacture 

r e q u i r e s  per  tonne of product :  

Ammonia 0.58 t 

Carbon Dioxide 0.76 t 

Water 75 t 

Steam 1.2  t' 

E l e c t r i c i t y  125 kwh 

Personnel  0.0005 (say 2,200 t /m/yr )  

Urea may.be shipped e i t h e r  i n  smal l  bu lk  c a r r i e r s  

a s  bu lk  cargo,  o r  i n  convent ional '  tweendeckers i n  bagged form. Ships  used i n  

u rea  t r a d e  a r e  r a r e l y  over 20,000 dwt. 

N i t r i c  a c i d  i s  a  s t r o n g  o x i d i z i n g  a g e n t ,  which i n  i ts  anhydrous form 

HNO does n o t  normally e x i s t  i n  t h e  l i q u i d  s t a t e .  It i s  used f o r  t h e  product ion 3 

of ammonium n i t r a t e ,  and is  n o t  a  s i g n i f i c a n t  commodity i n  i n t e r n a t i o n a l  t r a d e .  

Ammonium n i t r a t e ,  ammonium s u l p h a t e ,  and a  v a r i e t y  of compound 

f e r t i l i z e r s  a r e  s o l i d  m a t e r i a l s ,  o f t e n  moved i n  bags by'tweendeckers. Their  

shipment i s  u s u a l l y  i n  ve ry  smal l  l o t  s i z e s .  

IV.A.4 P o t a s s i c  F e r t i l i z e r s  

The l a r g e s t  source  of potassium i s  potass ium c h l o r i d e ,  m u r i a t e  of po tash ,  

which y i e l d s  85% of a l l  po tash  produced. Most p o t a s h  i s  produced i n  t h e  

developed c o u n t r i e s  of North America and Europe, and i n  t h e  USSR. Po tash  is  

shipped i n  bu lk  o r  bagged form. A q u a r t e r  of t h e  ou tpu t  of t h e  l a r g e s t  expor te r  

Canada i s  i n  panamax s h i p s  but  g e n e r a l l y  shipments a r e  i n  v e s s e l s  of 7 t o  

25,000 dwt. 
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Of t h e  secondary macronu t r i en t s ,  sulphur  i s  t h e  most important  i n  

i n t e r n a t i o n a l  t r a d e .  Sulphur i s  on ly  economically produced i n  q u a n t i t y  i n  a 

few c o u n t r i e s .  It may be  produced from mined d e p o s i t s  which a r e  melted i n  

water  by t h e  Frasch p rocess ,  which i s  t h e  major source ,  bu t  sulphur  may a l s o  

be recovered from sour  n a t u r a l  gas  o r  petroleum i n  t h e  form of g ranu les .  Both 

forms of su lphur  a r e  c a l l e d  brimstone.  The Frasch der ived  sulphur  i s  shipped 

i n  ded ica ted  molten su lphur  c a r r i e r s  comprising about twenty s h i p s  of between 

750 and 29,000 dwt. There is  a l i m i t e d  t r a d e  i n  s u l p h u r i c  a c i d  i n  s h i p s  of . 

5,000 t o  20,000 dwt. Granule sulphur  being d r y  cargo may be shipped a s  

conven t iona l  bagged, o r  a s  bu lk  cargo.  
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I V .  B. F e r t i l i z e r  Types 

Chemical f e r t i l i z e r s  a r e  u s u a l l y  c l a s s i f i e d  and graded on t h e  b a s i s  

of t h e i r  p l a n t  n u t r i e n t  con ten t .  They may be c l a s s i f i e d  as :  

( a )  macronutrientswhich i n c l u d e  carbon, hydrogen and oxygen t h a t  a r e  

a v a i l a b l e  from a i r  and water ;  "primary" n u t r i e n t s  (n i t rogen ,  

phosphorus and potassium); and "secondary" n u t r i e n t s  (calcium, 

magnesium and su lphur )  

(b 1 m i c r o n u t r i e n t s  whi'ch i n c l u d e  boron, c h l o r i n e ,  copper,  i r o n ,  

manganese, molybdenum and z i n c .  

The macronu t r i en t s  a r e  those  r e q u i r e d  i n  t h e  l a r g e s t  q u a n t i t i e s  and 

of t h e s e  on ly  n i t rogen ,  phosphorus and potassium a r e  of major importance i n  

i n t e r n a t i o n a l  bu lk  t r a d e s .  Sulphur i s  a l s o  shipped b u t  t h e  volume of t r a d e  

is  n o t  g r e a t .  

S t r a i g h t  f e r t i l i z e r s  c o n t a i n  on ly  one of t h e  primary n u t r i e n t s  and 

a r e  termed : 

(1) . ni t rogenous  (N-type) 

(2)  phosphat ic  (P-type) 

(3) p o t a s s i c  (K-type) 

M u l t i n u t r i e n t  f e r t i l i z e r s  ( fo r  example, NP and NPK-types) a r e  

c l a s s i f i e d  i n  e i t h e r  of two groups ,  according t o  how they a r e  prepared:  

mixed types  a r e  mechanical ly  blended combinations of s t r a i g h t  c o n s t i t u e n t s ,  

whi le  complex types  r e q u i r e  chemical  p rocess ing  and g r a n u l a t i o n  f a c i l i t i e s .  

There a r e  two syster!s of f e r t i l i z e r  grading i n  use  today. The f i r s t  

i s  based on e lemental  c o n t e n t ,  expressed a s  t h e  percentage by weight of 

n i t r o g e n  (N), phosphorus (P ) ,  and potassium ( K ) .  The second system i s  based 

on primary n u t r i e n t  c o n t e n t ,  expressed a s  t h e  pe rcen tage  by weight of 

n i t r o g e n  ( N ) ,  phosphorus pentoxide (P 0 ) ,and potassium oxide ( ~ ~ 0 ) .  For 
2  5 

example, a  20-10.10 m u l t i n u t r i e n t  f e r t i l i z e r  i s  a  product w i t h  20 percen t  



n i t r o g e n  c o n t e n t ,  10  p e r c e n t  P205, and 1 0  p e r c e n t  K20 by weight .  Table  

1V.B-1  r a t e s  f e r t i l i z e r s  by e l e m e n t a l  and n u t r i e n t  g rad ing .  

High a n a l y s i s  f e r t i l i z e r s  p rov ide  a r e l a t i v e l y  h i g h  pe rcen tage  of 

t o t a l  n u t r i e n t s ,  u s u a l l y  more than  40 p e r c e n t ,  w h i l e  medium-analysis 

t y p e s  have 25 t o  40 p e r c e n t  n u t r i e n t  c o n t e n t s  and low-analys is  t y p e s  a r e  i n  

t h e  15-25 p e r c e n t  r ange .  

The major raw m a t e r i a l s ,  i n t e r m e d i a t e  p r o d u c t s ,  and p roduc t ion  

p r o c e s s e s  used i n  manufacture  of high-volume f e r t i l i z e r s  a r e  i n d i c a t e d  i n  

F i g u r e  I V .  B-1. 



TABLE 1V.B-1 

THE NPK RATING FOR MAJOR FERTILIZER PRODUCTS* 

NUTRIENT 
RATINGS I N  COMMON USE ELEMENTAL RATING 

NITROGEN FERTILIZERS (N) 

Anhydrous Ammonia 82  
Urea 46 
Ammonium Nitrate 35 
Ammonium S u l p h a t e  2 1 
Sodium Nitrate 16 

PHOSPHATE FERTILIZERS ( P )  

Phosphate  Rock 0 
Supe rphospha te  (SSP) 0 
T r i p l e  Superphosphate  (TSP) 0 
Phosphor i c  Acid 0 
Super phosphor i c  Acid 0 

POTASH FERTILIZERS (K) 

Potass ium C h l o r i d e  
Potass ium S u l p h a t e  

COMBINATION FERTILIZERS 

Mono-ammonium Phosphate (MAP) 11 
Di-ammonium Phospha te  (DAP) 1 8  
NPK, PK and NK F e r t i l i z e r s  

55 
4 6 

Var ious  

24 0 
20 0 

Var ious  

* R a t i n g s  may v a r y  s l i g h t l y  w i t h  s o u r c e  

Source:  H.P. Drewry L t d . ,  "The O r g a n i z a t i o n  and S t r u c t u r e  of t h e  Deep Sea 

F e r t i l i z e r  Trades" 





I V .  C Phosphat ic  F e r t i l i z e r s  

The u l t i m a t e  source  of most f e r t i l i z e r  p h o s p h ~ r u s  i s  phosphate 

rock,  which c o n s i s t s  of one o r  more phosphate m i n e r a l s  such a s  f l u o r a p a t i t e  

(Ca (PO ) F) o r  t r i c a l c i u m  phosphate (Ca3(P04)2) a long w i t h  v a r i o u s  3 4 3  

i m p u r i t i e s .  Phosphate d e p o s i t s  a r e  u s u a l l y  found mixed w i t h  c l a y  and sand, 

which a r e  s e p a r a t e d  by washing, c l a s s i f i c a t i o n ,  and f l o t a t i o n  p rocesses .  

The phosphate con ten t  of rock i s  r e p o r t e d  a s  pe rcen t  phosphorus 

pentoxide (P 0 ) o r  a s  pe rcen t  t r i c a l c i u m  phosphate,  a l s o  r e f e r r e d  t o  a s  
2 5 

bone phosphate of l i m e  - BPL - (1.0 p e r c e n t  BPL i s  e q u i v a l e n t  t o  0.458 

percen t  P 0 ). Commercial rock i s  s o l d  based on i t s  BPL c o n t e n t ,  w i t h  
2 5 

downward p r i c e  adjus tments  made i f  i r o n  ox ide  and alumina c o n t e n t s  exceed 

c e r t a i n  l i m i t s .  Grades s o l d  range from 77 BPL t o  64 BPL. The rock is  

so ld  on a bone d r y  b a s i s ,  b u t  a c t u a l  mois tu re  con ten t  is  guaranteed n o t  

t o  exceed 3.5 pe rcen t  f o r  a l l  bu t  t h e  lowest  g rades ,  which have a 5 

p e r c e n t  maximum mois tu re  l i m i t .  

The phosphate rock consumption p a t t e r n  shown i n  F igure  1V.C-1  

i n d i c a t e s  t h a t  a g r i c u l t u r a l  ( f e r t i l i z e r )  manufacture accounts  f o r  t h e  

h i g h e s t  percentage use  by f a r .  The f i g u r e  a l s o  shows t h a t  phosphoric a c i d  

i s  a key i n t e r m e d i a t e  i n  product ion of phosphat ic  f e r t i l i z e r s .  

Accordingly,  t h e  tendency u n t i l  r e c e n t l y  h a s  been t o  b u i l d  a phosphoric 

ac id  p l a n t  i n  con junc t ion  w i t h  p l a n t s  producing phosphate f e r t i l i z e r s .  Since  

phosphoric a c i d  manufacture consumes l a r g e  q u a n t i t i e s  of s u l p h r i c  a c i d ,  

t h e  l a t t e r  i s  o f t e n  manufactured w i t h i n  t h e  f e r t i l i z e r  complex as w e l l .  

During t h e  p a s t  decade, however, bu lk  phosphoric a c i d  

t r a n s p o r t a t i o n  has  developed t o  t h e  p o i n t  where t h e  p o t e n t i a l  consumer can 

choose between purchase and product ion.  With no nearby sources  of phosphate 

rock,  some p l a n t s  may r e a l i z e  lower t r a n s p o r t  c o s t s  by importing a c i d  

i n s t e a d  of cons iderab le  q u a n t i t i e s  of rock and su lphur .  High c a p i t a l  
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investments  and trouble-some environmental  r e g u l a t o r y  o b s t a c l e s  can a l s o  be 

avoided. 

I V . C . l  Phosphoric Acid Manufacture and Raw M a t e r i a l  Requirements 

Phosphate rock and s u l p h u r i c  a c i d  a r e  t h e  two major raw m a t e r i a l s  f o r  

manufacture of phosphoric a c i d .  S e v e r a l  commercial wet-process r o u t e s  t o  

phosphoric a c i d  manufacture a r e  a v a i l a b l e ,  b u t  a l l  a r e  based on r e a c t i n g  

phosphate rock and s u l p h u r i c  a c i d  i n  l i q u i d  s l u r r y  form. The r e a c t i o n  

produces phosphoric a c i d  and by-product calcium s u l p h a t e  (gypsum). The l a t t e r  

i s  removed by f i l t r a t i o n  of t h e  acid/gypsum s l u r r y .  A t y p i c a l  f low s h e e t  

and m a t e r i a l  balance a r e  given i n  F igures  LV. C-2 and 1V.C-3, i n d i c a t i n g  t h a t  

0.88 t o n s  of 98 percen t  concen t ra ted  s u l p h u r i c  a c i d  a r e  consumed f o r  each 

ton  of 30 percen t  phosphoric a c i d  produced. I n  a d d i t i o n ,  about 5.3 tons  of 

gypsum a r e  formed per  ton  of phosphoric a c i d  f o r  t h e  p rocess  i n d i c a t e d .  

Heavy s u l p h u r i c  a c i d  consumption and corresponding l a r g e  volumes of by-product 

gypsum a r e  two key c h a r a c t e r i s t i c s  of phosphoric a c i d  manufactured by t h e  

wet p rocess .  Gypsum d i s p o s a l ,  i n  p a r t i c u l a r ,  p r e s e n t s  major environmental  and 

land-use problems a t  l a r g e  p l a n t s  where t h e  common p r a c t i c e  has  been t o  

impound t h e  gypsum i n  a se l f -con ta ined  pond-and-pile a r e a .  The wor ld ' s  

l a r g e s t  gypsum p i l e s  a r e  more than 60 mete r s  h igh  and s t i l l  growing. 

For phosphoric a c i d  product ion of 120,000 t / a ,  us ing phosphate rock 

w i t h  33% P205, t h e  requirement  pe r  t o n  of ou tpu t  is: 

Phosphate rock 3.22 t 

Su lphur ic  a c i d  2.78 t 

Water 150 t 

E l e c t r i c i t y  150 kwh 

Steam 1 .9  t 

Labour 0.0003 (3000 t /m/a) 
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FIGURE 1 V . C - 3  

Materlol balance in tons and cubic meters per hour for a 
500-tonlday Pz05 unit (20.84 tons of P205 per hour) with 94.5% yield 
of total recovery udng a phosphate rock with 29.5% P S 5 .  49.0% CaO. 
3 . 0 %  SOj,  5.5% C 0 2 ,  3.5% F ,  and 1.5% HZO. 

Source: Becker, P. , "Phosphates  and Phosphoric Acid1 ' ,  1983 
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I V . C . l . l  Phosphoric Acid Process  A l t e r n a t i v e s  

Commercial wet p rocesses  a r e  c h a r a c t e r i z e d  by t h e  chemical  form of 

t h e  calcium s u l p h a t e  (gypsum) p r e c i p i t a t e  and by t h e  s t r e n g t h  of t h e  a c i d  

produced i n  t h e  r e a c t o r .  So-called hemihydrate (HH) p r o c e s s e s  y i e l d  gypsum 

i n  t h e  form CaS04'1/2H20, whereas d i h y d r a t e  (DH) p rocesses  y i e l d  CaS04.2H20. 

C h a r a c t e r i s t i c s  of HH and DH p r o c e s s e s  and t h e i r  hybr ids  i n  commercial u s e  

a r e  given i n  Table  1 V . C - 1 .  

The most important  c h a r a c t e r i s t i c s  of t h e s e  p rocesses  i s  t h e  P 0 
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c o n c e n t r a t i o n  of t h e  product  a c i d  a s  i t  l e a v e s  t h e  r e a c t o r .  The 

r e l a t i v e l y  h igh  c o n c e n t r a t i o n s  achieved w i t h  t h e  hemihydrate p rocesses  

e l i m i n a t e  t h e  need f o r  an e v a p o r a t i v e  c o n c e n t r a t i o n  s t e p  ( see  F igure  1V.C-2), 

r e s u l t i n g  i n  lower c a p i t a l  and o p e r a t i n g  c o s t s .  The main disadvantages  of t h e  

HH p rocess  a r e  t h e  h igher  r e a c t o r  temperatures ,  which i n c r e a s e  c o r r o s i o n ,  

and t h e  more e l a b o r a t e  p rocess  c o n t r o l  requirements .  Hybrid hemihydrate- 

d i h y d r a t e  p rocesses  have been developed i n  Japan t h a t  y i e l d  a gypsum by- 

product  s u i t a b l e  f o r  i n d u s t r i a l  u s e  wi thout  e x t e n s i v e  t r ea tment .  

Desp i te  t h e s e  and o t h e r  advantages  of t h e  hemihydrate p rocesses ,  

s t r a i g h t  d i h y d r a t e  f a c i l i t i e s  remain t h e  most widespread,  because of t h e i r  

r e l a t i v e  s i m p l i c i t y  and t h e i r  ready a d a p t a b i l i t y  t o  a wide v a r i e t y  of rock  

grades .  

IV.C.1.2 Phosphoric Acid Process  Equipment 

Major equipment i tems correspond t o  t h e  process ing s t e p s  

i d e n t i f i e d  i n  F igure  1V.C-2: 

(1) phosphate rock m i l l  

(2) r e a c t o r  

(3) s l u r r y  f i l t e r  

(4) vacuum evapora to r  



TABLE 1V.C-1 

CHARACTERISTICS OF COMMERCIAL PROCESSES FOR PHOSPHORIC ACID MANUFACTURE 

I Number of P 0 Concentration 2 5 
Temperature, OC 

Type Separation Steps % Reactor Recrystallizer 
i 

Dihydrate 1 26-32 70- 85 na 

Hemihydrate 1 40-50 85-1 00 na 

Hemihydrate-dihydrate 1 26-30 90-100 50- 60 

Hemihydrat e-dihydrate 2 40-50 90-100 50- 65 

Dehydrate-hemihydrate 2 35-38 65-70 90-100 
- 

Source: Becker, P. , Phosphates and Phosphoric Acid, 1983. 



IV . C .l. 2. a  Grinding 

The g r ind ing  o p e r a t i o n  i s  requ i red  t o  produce t h e  d e s i r e d  p a r t i c l e  

s i z e  d i s t r i b u t i o n  i n  t h e  r e a c t o r  feed.  Grinding equipment s e l e c t i o n  depends 

on many f a c t o r s ,  inc lud ing  rock  c h a r a c t e r i s t i c s ,  degree  of phosphate 

recovery r e q u i r e d ,  a c i d  p rocess  employed, and p r o c e s s  opera t ing  v a r i a b l e s .  

I n  phosphate o p e r a t i o n s ,  approximately  40 percen t  of t h e  t o t a l  e l e c t r i c a l  

energy consumed is  u t i l i z e d  f o r  g r i n d i n g ,  so another  important  a s p e c t  of 

m i l l  s e l e c t i o n  i s  t h e  energy requ i red .  

Grinding i s  c h a r a c t e r i z e d  a s  "dry" o r  " w e t "  depending on whether rock 

mois tu re  is removed from o r  l e f t  i n  t h e  ground product .  Wet g r i n d i n g  

e l i m i n a t e s  a l l  f u e l  consumption f o r  rock drying and r e q u i r e s  no d u s t  

emiss ion c o n t r o l  equipment. There a r e  disadvantages  i n  terms of reduced 

product y i e l d s  and o p e r a t i n g  f a c t o r s ,  bu t  t h e s e  have been outweighed by 

tremendous sav ings  i n  f u e l  c o s t s .  

Table 1V.C-2 i n d i c a t e s  s i z e s  and o p e r a t i n g  d a t a  f o r  a  number of b a l l  

m i l l  i n s t a l l a t i o n s  a t  U.S. phosphoric  a c i d  p l a n t s .  

IV.C.1.2.b S l u r r y  Reactor 

Phosphoric a c i d  r e a c t o r  technology u s e s  many d i f f e r e n t  des igns  t o  

s u i t  t h e  va ry ing  p r o p e r t i e s  of phosphats  o r e s .  For t h e  d i h y d r a t e  p rocess ,  

r e a c t o r s  tend t o  be r e c t a n g u l a r  o r  c i r c u l a r  t anks  provided w i t h  l a r g e  

mechanical  a g i t a t o r s  o r  s l u r r y  c i r c u l a t i o n  pumps. Reactor volumes v a r y ,  

bu t  t r a d i t i o n a l  d i h y d r a t e  systems o p e r a t e  wi th  a  s p e c i f i c  r e a c t i o n  volume of 

1.5-2.0 cub ic  mete r s  pe r  t o n  of P  0  produced d a i l y .  A g i t a t i o n  energy 
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v a r i e s  from 20 t o  50 IWH p e r  ton  of P  0 depending on t h e  rock  
2 5, 

r e a c t i v i t y  and r e a c t o r  coo l ing  method employed (air-swept o r  vacuum f l a s h  

coo l ing .  ) 



PHOSPHATE ROCK GRINDING INSTALLATIONS AT SELECTED U.S. PHOSPHORIC ACID PLANTS 

Capacity 
Type* Size (ft.) HP (tonslhr) Feed Product 

C, CC, WG 164 x 23 4000 200 - &  in. 0.8% +35 mesh 
85% -35 mesh 

CO, CC, DG 10 x 84 500 31  -6  in. 60% -200 mesh 

C, OC, WG 17 x 38 6000 240 6.2% ++ in. 1.6% +40 mesh 
51.3% +30 mesh 9.8% +70 mesh 
65.8% +40 mesh 90.2% -70 mesh 
85.4% +70 mesh 78.3% -100 mc!sh ? 

P 47.9% -200 mc:sh 03 

CO, CC, DG 10 x 72 450 ', 23 -4  in. 90% -100 mesh 

C, OC, DG 14 x 24 3000 110 -4 in. 
87 

2% +35 mesh 
0.8% +35 mesh 

* C, cylindrical; CC, closed circuit; CCS, closed circuit screen; CO, conical, 
DC, dry grinding; OC, open cycle; T, tricone, WG, wet grinding. 

Source: Becker, P. , "Phosphates and Pllosphoric Acid", 1983 



A 1000 ton/day P205 p l a n t  sends  about  350 cubic  mete r s  of s l u r r y  

pe r  hour t o  t h e  f i l t e r ,  where phosphoric a c i d  i s  removed from calcium 

s u l p h a t e  c r y s t a l s  by pass ing  t h e  s l u r r y  on t o  a f i l t e r  c l o t h  and app ly ing  a 

vacuum t o  t h e  unders ide .  

The f i l t e r  and a s s o c i a t e d  a c i d  and vacuum pumps/piping r e p r e s e n t  

about h a l f  of t h e  investment c o s t  of a phosphoric a c i d  d i h y d r a t e  u n i t .  

Three types  a r e  i n  common use:  t r a v e l l i n g  b e l t ,  t i l t i n g  pan, and r o t a t i n g  

t a b l e  f i l t e r s .  The f i r s t  type  c o n s i s t s  of an  e n d l e s s  r e i n f o r c e d  p e r f o r a t e d  

rubber  b e l t  which suppor t s  a f i l t e r  c l o t h .  A vacuum box prov ides  s u c t i o n  t o  

draw t h e  a c i d  through t h e  f i l t e r  c l o t h ;  Sur face  a r e a s  up t o  100 square  

mete r s  a r e  a v a i l a b l e  w i t h  some b e l t  f i l t e r s .  

The r o t a t i n g  t a b l e  f i l t e r  i s  a l a r g e  r o t a t i n g  d i s k ,  up t o  15-20 

mete r s  i n  diameter .  The d i s k  c o n s i s t s  of a s e r i e s  of t roughs  b o l t e d  

t o g e t h e r  and covered w i t h  p e r f o r a t e d  metal  p l a t e s  t h a t  suppor t  t h e  f i l t e r  

c l o t h .  Each t rough i s  connected t o  a vacuum c o n t r o l  v a l v e  timed t o  

provide vacuum dur ing t h e  a p p r o p r i a t e  i n t e r v a l  on each r o t a t i o n .  A 

r o t a t i n g  screw conveyor s c r a p e s  o f f  t h e  accumulated cake. 

IV.C.1.2.d Vacuum Evaporation 

I n  d i h y d r a t e  p rocesses ,  phosphoric  a c i d  e x i t s  t h e  f i l t e r  wi th  a 

c o n c e n t r a t i o n  of 27-30% P205, which must be  concen t ra ted  t o  50-54% i n  t h e  

f i n a l  product.  Acid c o n c e n t r a t i o n  i s  accomplished by evapora t ion  under 

vacuum, u s u a l l y  us ing  low-pressure by-product steam generated i n  s u l p h u r i c  

a c i d  manufacture ( in  an  a d j a c e n t  u n i t ) .  The c o n c e n t r a t i o n  s t e p  consumes 

1.8-2.0 t o n s  of low-pressure steam per  ton  of P 0 
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The c o n c e n t r a t i o n  u n i t  c o n s i s t s  of a h e a t  exchange b o i l e r  chamber, 

condenser,  vacuum pump, a c i d  c i r c u l a t i o n  pump, and p ip ing .  S ince  t h e  

r e a c t o r  c a p a c i t y  g e n e r a l l y  exceeds t h e  evapora to r  c a p a c i t y ,  two o r  t h r e e  



u n i t s  a r e  g e n e r a l l y  i n s t a l l e d  i n  mul t i - s t age  arrangement.  

Unit  i n p u t s  f o r  t h e  c o n c e n t r a t i o n  s t e p  depend on p rocess  equipment 

and t h e  degree  of concen t ra t ion .  For c o n c e n t r a t i n g  30A a c i d  (as  P  0  ) t o  
2 5  

54% a c i d ,  1 . 9  tons  of low-pressure ( 1 0 5 ~ ~ ~  1.24 b a r )  steam and 15-50 KWh 

e l e c t r i c i t y  a r e  consumed. 

IV.C.1.3 Gypsum Disposa l  and Cooling, Water Treatment 

IV.C.1.3.a Gypsum Disposal  

Between 4  and 6  tons  of by-product phospho-gypsum a r e  produced f o r  

every  ton  of P205 produced by a  phosphoric  a c i d  p l a n t .  Large p l a n t s ,  w i t h  

o u t p u t s  of 1000 tpd P205 t h e r e f o r e  have 4000-6000 tons  of s o l i d  by-product 

genera ted  d a i l y .  The gypsum produced i s  o f t e n  of low q u a l i t y  and f a r  

exceeds market demands, even f o r  commercial grade gypsum. Consequently,  

a c i d  manufacturers  a r e  p f t e n  fo rced  t o  d i s p o s e  of t h e  by-product a s  a  s o l i d  

waste.  I n  Japan,  where t h e r e  a r e  no n a t u r a l  domestic gypsum s u p p l i e s ,  

phosphogypsum h a s  long been used f o r  p l a s t e r  and cement a d d i t i v e .  

Gypsum d i s p o s a l  is g e n e r a l l y  achieved by impounding on l and  o r  by 

pumping i n t o  r i v e r s  o r  s e a s .  Obviously,  marine d i s p o s a l  r e q u i r e s  s i t e s  

where t i d a l  and c u r r e n t  movements b r ing  about  adequate  d i s p e r s i o n  and 

suspension of t h e  gypsum, i n  o r d e r  t o  avoid  a  build-up i n  t h e  

v i c i n i t y  of t h e  discharged p o i n t .  Environmental r e g u l a t i o n s  i n  some a r e a s  

may p r o h i b i t  t h i s  type of d i s p o s a l  o r  make i t  economically u n a t t r a c t i v e .  

I n  t h e  U.S., t h e  common p r a c t i c e  f o r  gypsum d i s p o s a l  i s  land 

impoundment i n  a  se l f -con ta ined  pond and p i l e .  I n  t h i s  method, t h e  gypsum 

i s  s l u r r i e d  and s l u i c e  t r a n s p o r t e d  t o  a  l a r g e  s e t t l i n g  pond, where t h e  over- 

f low is c o l l e c t e d  and r e c i r c u l a t e d  t o  t h e  p l a n t  f o r  r e u s e  i n  gypsum s l u i c i n g .  

A f t e r  t h r e e  o r  f o u r  c y c l e s ,  t h e  recla imed s l u i c e  water i s  fed  t o  t h e  p l a n t  

f o r  p rocess  use ,  which permi t s  recovery of 1-2% P 0 disso lved  from t h e  
2 5  

waste  product .  



A f t e r  t h e  bottom l e v e l  has  e leva ted  by 2-3 mete r s ,  t h e  s l u r r y  is  fed  t o  an  

a l t e r n a t i v e  pond and t h e  f i r s t  i s  l e f t  t o  d r y  up. A f t e r  d ry ing ,  t h e  f i r s t  

pond i s  provided w i t h  r e e l e v a t e d  d i k e s  and o therwise  prepared f o r  subsequent 

r e u s e  i n  s e t t l i n g  s l u i c e d  gypsum. 

The s u r f a c e  of a  s i n g l e  o p e r a t i n g  pond f o r  a  1000 ton  P 0  pe r  day 2 5 

p l a n t  i s  a t  l e a s t  20-30 h e c t a r e s .  The t o t a l  s e t t l i n g  a r e a  approaches 100 

h e c t a r e s ,  w i t h  a  y e a r l y  e l e v a t i o n  of about  1 . 2  mete r s  per year  (based on 

1 . 2  mete r s  annua l ly  per  1000 square  mete r s  per  ton of P  0  per  day) .  
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Supra, a  Swedish f i rm,  d i s p o s e s  of phosphoric a c i d  gypsum by 

us ing  t h e  m a t e r i a l  t o  b u i l d  an a r t i f i c i a l  i s l a n d  i n  t h e  B a l t i c - S e a .  The 

p i l e  base  i s  l i n e d  w i t h  a 0 . 3  mm po lye thy lene  f i l m .  The f i l m  is covered 

by a  g r a v e l / c o l l e c t i n g  p i p e  d ra inage  system on which r e s t s  a  f i l t e r  c l o t h .  

Drainage p i p e s  empty t h e  c o l l e c t e d  water i n t o  a  p e r i p h e r a l  d i t c h  f i t t e d  wi th  

a  1 mm hypalon l i n i n g .  

1V.C .  1 .3 .b  Cooling Water Treatment 

Cooling water  from t h e  r e a c t o r  f l a s h  c o o l e r  and t h e  phosphoric a c i d  

c o n c e n t r a t i o n  systems i s  recyc led ,  because of t h e  l a r g e  q u a n t i t i e s  requ i red  

and because t h i s  water  c o n t a i n s  f l u o r i d e s ,  which should be conta ined i n  a  

c l o s e d - c i r c u i t  system (due t o  environmental  c o n s i d e r a t i o n s ) .  I n  t h e  range of 

300-400 squares  m e t e r s  per  d a i l y  m e t r i c  ton  of P205 a r e  r e q u i r e d  f o r  t h e  

cool ing pond s u r f a c e .  A 1000 ton P 0 p e r  day p l a n t  w i l l  r e q u i r e  on t h e  
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o rder  of 40 h e c t a r e s  f o r  a  cool ing pond t o  handle  up t o  65,000 cub ic  mete r s  

of evapora to r  condenser water  and 34,000 cub ic  mete r s  of r e a c t o r  f l a s h  

coo le r  condenser water per  day. Cooling pond s u r f a c e s  a r e  c a l c u l a t e d  based on 

l o c a l  c l i m a t i c  c o n d i t i o n s .  Da i ly  h e a t  r e l e a s e  r a t e s  of 3500-9000 Kg/cal per  

square  meter have been r e p o r t e d  i n  t h e  s o u t h e a s t e r n  U.S. 
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IV.C.2 Phosphat ic  F e r t i l i z e r  Manufacture and Raw M a t e r i a l  Requirements 

Most phosphat ic  f e r t i l i z e r s  a r e  produced by r e a c t i n g  ground phosphate 

r o c k  w i t h  e i t h e r  s u l p h u r i c  o r  phosphoric a c i d .  Depending on t h e  t y p e  of a c i d  

used and t h e  rock-to-acid r a t i o  maintained i n  t h e  r e a c t o r  a v a r i e t y  of products  

can r e s u l t .  The two most impor tan t ,  h i g h  volume s t r a i g h t  phosphat ic  

f e r t i l i z e r s  a r e  t h e  fo l lowing .  

- s i n g l e  superphosphate (SSP), 16-21 percen t  P 0 produced by 
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r e a c t i n g  ground phosphate rock  and s u l p h u r i c  a c i d  

- t r i p l e  superphospate  (TSP), 43 t o  48 percen t  P205, produced by 

r e a c t i n g  ground phosphate rock  and phosphoric a c i d  

The product ion of one ton  of SSP w i t h  20% a v a i l a b l e  P205 con ten t  

r e q u i r e s  : 

Phosphate rock (34% P205) 0.626 t 

Su lphur ic  a c i d  (93% H2S04) 0.39 t 

Water 0.09 t 

E l e c t r i c i t y  3 kwh 

Labor 0.15 manhours 

The e l e c t r i c i t y  consumption given above does  n o t  i n c l u d e  t h e  consumption f o r  

rock  g r ind ing ,  which r e q u i r e s  7-25 kWh/ton of rock depending on hardness  

and d e s i r e d  p a r t i c l e  s i z e  d i s t r i b u t i o n .  

A phosphate complex producing 357,000 t / a  of TSP ( i n , c o n j u n c t i o n  

w i t h  phosphoric a c i d  produt ion)  r e q u i r e s  t h e  fol lowing per  ton  of product  

( in a d d i t i o n  t o  t h e  phosphoric a c i d  product ion requirements  a s  s t a t e d  i n  

s e c t i o n  IV.C.1): 

Sulphur 0.33 t 

Phosphate rock  1 .65 t 

Phosphoric a c i d  i s  a l s o  used f o r  t h e  product ion of m u l t i n u t r i e n t  

f e r t i l i z e r s ,  t h e  most common being t h e  NP produc t s  monoammonium phosphate (MAP) 



and diammonium phosphate (DAP). A complex producing 250,0(50 tIa of DAP in 

conjunc t ion  w i t h  phosphoric a c i d  p roduc t ion ,  may r e q u i r e  t h e  fol lowing 

(per ton  of product)  : 

Sulphur 0.45 t 

Phosphate rock  1.52 t 

Ammonia 0.22 t 

i n  a d d i t i o n  t o  t h e  requirements  f o r  phosphoric a c i d  product ion.  

I V . C . 2 . 1  T r i p l e  Superphosphate 

TSP has  t h e  advantage of being t h e  most h igh ly  concen t ra ted  

s t r a i g h t  phosphate f e r t i l i z e r  a v a i l a b l e .  F u r t h e r ,  about 25 t o  30 percen t  of 

P 0 i n  TSP is der ived  d i r e c t l y  from rock,  a r e l a t i v e l y  low-cost source .  2 5 

TSP i s  prepared i n  e i t h e r  g r a n u l a r  o r  non-granular form, t h e  l a t t e r  f o r  use  

a s  an i n t e r m e d i a t e  i n  product ion of compound f e r t i l i z e r  and t h e  f o r p e r  f o r  a 

d i r e c t  a p p l i c a t i o n  f e r t i l i z e r  o r  f o r  b lending.  

IV.C.2.1.a Non-granular TSP 

F i g u r e  1V.C-4 provides  a schematic i l l u s t r a t i o n  of t h e  p rocess  f o r  

manufacturing non-granular TSP, a l s o  c a l l e d  "Run-of-Pile" TSP. A s  shown, t h e  

rock  and a c i d  a r e  metered and then combined i n  a cone mixer from which t h e  

m a t e r i a l  is  f e d  onto  a conveyor b e l t .  The TSP s e t s  (hardens) on t h e  conveyor 

b e l t  and passes  through a d i s i n t e g r a t o r  b e f o r e  being depos i t ed  on a s t o r a g e /  

cur ing  p i l e  where t h e  r e a c t i o n  proceeds  t o  completion and t h e  m a t e r i a l  f u r t h e r  

hardens and c o o l s .  A f t e r  2-6 weeksf s t o r a g e  cur ing ,  t h e  TSP i s  reclaimed w i t h  

a power shovel  and ground i n  a cage m i l l  t o  pass  a 6-mesh sc reen  (3.3 m).  

The ground TSP is then used f o r  making compound f e r t i l i z e r  by g r a n u l a t i o n  

p rocesses ,  o r  i t  is  granu la ted  i n t o  product  TSP. 

IV.C.2.1.b Granular TSP 

The g r a n u l a r  form can be  produced by process ing cured non-granular 
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FIGURE IV. C-4 

MANUFACTURE OF RUN-OF-PILE TRIPLE SUPERPHOSPHATE 

Source: U.N., I'  Fertilizer Manual", 1980. 
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TSP o r  by d i r e c t  g r a n u l a t i o n ,  which i s  u s u a l l y  p r e f e r r e d  because of lower 

opera t ing  c o s t s  and improved product p r o p e r t i e s .  

There a r e  t v o  d i f f e r e n t  types  of d i r e c t  g r a n u l a t i o n  p rocesses  i n  

use:  s l u r r y  g r a n u l a t i o n  and ex-den g r a n u l a t i o n .  The ex-den p rocess  i s  

s i m i l a r  t o  t h e  method desc r ibed  above f o r  non-granular TSP, excep t  t h e  rock 

i s  more f i n e l y  ground and t h e  f r e s h  product  goes d i r e c t l y  t o  a  g r a n u l a t o r  

r a t h e r  than  t o  s t o r a g e .  Following g r a n u l a t i o n ,  t h e  product i s  d r i e d ,  

screened,  and conveyed t o  s t o r a g e .  

A s i m p l i f i e d  f low diagram f o r  t h e  s lu r ry - type  g r a n u l a t i o n  p rocess  

i s  shown i n  F igure  1V.C-5.  I n  t h i s  p rocess  a  t h i c k  s l u r r y  formed by r e a c t i o n  

of ground rock and phosphoric a c i d  i n  a  s e r i e s  of steam-heated r e a c t o r s  i s  

f e d  t o  a  b lunger  o r  r o t a r y  drum g r a n u l a t o r  toge ther  w i t h  r e c y c l e  m a t e r i a l .  

The g r a n u l e s  a r e  d r i e d ,  s i z e d ,  and r e c y c l e  o r  s e n t  f o r  coo l ing  and s t o r a g e .  

Approximate u t i l i t y  requirements  per ton of product  a r e  40 KWh of 

e l e c t r i c a l  energy ( inc lud ing  phosphate rock g r i n d i n g ) ,  125,000 Kcal of f u e l  

o i l  f o r  d r y i n g ,  and 20 Kg of steam (mainly f o r  providing h e a t  t o  t h e  r e a c t o r s ) .  

IV.C.2.2 S i n g l e  Superphosphate (SSP) 

SSP use  accounts  f o r  about 20 p e r c e n t  of t h e  f e r t i l i z e r  phosphates.  

The r e l a t i v e  s h a r e  of SSP con t inues  t o  d e c r e a s e ,  however, p r i m a r i l y  due t o  t h e  

disadvantage of low a n a l y s i s  (16-22% P  0 ) and consequent h i g h  P  O 
2  5 2  5 

d i s t r i b u t i o n  c o s t s  compared t o  c o s t s  of TSP (43-48% P  0 ) phosphate.  
2  5 

SSP is  s t i l l  p r e f e r r e d  over TSP i n  s i t u a t i o n s  where b o t h  P 0 and 
2  5 

su lphur  a r e  d e f i c i e n t  i n  t h e  s o i l ,  where demand is  i n s u f f i c i e n t  t o  j u s t i f y  an  

economical s c a l e  of TSP produc t ion  o r  TSP impor ta t ion ,  and where SSP can 

u t i l i z e  d e p o s i t s  of phosphate rock t h a t  a r e  too smal l  t o  j u s t i f y  a  l a r g e  p l a n t .  

The p rocess  f o r  producing SSP is  r e l a t i v e l y  s imple  and r e q u i r e s  a  smal l  

c a p i t a l  investment ;  i n  f a c t ,  many SSP p l a n t s  o p e r a t e  on a  planned seasona l  
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FIGURE I V .  C-5 

SLURRY PROCESS FOR THE MANUFACTURE OF GRANULAR 

TRIPLE SUPERPHOSPHATE 

Source:  U. N .  , " F e r t i l i z e r  Manual", 1980 
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schedule .  

The fol lowing o p e r a t i o n s  a r e  performed (F igure  1 V . C - 6 ) :  

(1)  f i n e l y  ground phosphate rock  (90% 100-mesh) is  mixed w i t h  

68-75% s u l p h u r i c  a c i d  i n  a  r a t i o  of 0.58 Kg a c i d  (100% b a s i s )  

pe r  kilogram of rock  

(2  t h e  mixer m a t e r i a l  i s  fed  t o  a  s l a t  conveyor i n  a  r e a c t i o n  

den,  where s o l i d i f i c a t i o n  t a k e s  p l a c e  due t o  continued 

r e a c t i o n  and c r y s t a l l i z a t i o n  of monocalcium phosphate 

( 3  ) a f t e r  30-60 minutes  r e t e n t i o n  t ime i n  t h e  den,  t h e  m a t e r i a l  

passes  through a  d i s i n t e g r a t o r  and i s  conveyed t o  s t o r a g e  

p i l e s  f o r  a  f i n a l  cur ing  per iod of 2-6 weeks. The cured 

product  is recla imed from s t o r a g e  p i l e s  and f e d  t o  a  

hammer o r  cage-mill  f o r  g r ind ing  t o  pass  a  6-mesh sc reen  

( 4  1 f o r  g r a n u l a r  forms, t h e  p rocess  l i n e  i n c l u d e s  a  g r a n u l a t o r ,  

which can t r e a t  cured o r  uncured superphosphate.  
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FIGURE I V .  C-6 

CONTINUOUS MANUFACTURE OF SINGLE SUPERPHOSPHATE 

Source :  U.N. ,  " F e r t i l i z e r  Manual", 1980 



I V  .D.  Ni t rogenous  F e r t i l i z e r s  

Ni t rogen,  an  e s s e n t i a l  p l a n t  n u t r i e n t ,  i s  s u p p l i e d  t o  c u l t i v a t e  s o i l s  

i n  t h e  form of c e r t a i n  wa te r - so lub le  n i t rogenous  chemical  compounds t h a t  can 

be  absorbed i n  s o l u t i o n  by p l a n t  r o o t s .  N a t u r a l  d e p o s i t s  of  t h e s e  compounds 

a r e  t o o  s c a r c e  f o r  commercial f e r t i l i z e r  u s e ,  s o  a lmos t  a l l  n i t rogenous  

chemical  f e r t i l i z e r s  a r e  d e r i v e d  from gaseous  n i t r o g e n ,  which i s  abundant i n  

t h e  e a r t h ' s  atmosphere.  

The key m a t e r i a l  f o r  n i t r o g e n o u s  f e r t i l i z e r  manufacture  i s  s y n t h e t i c  

a m o n i a ,  a  compound of n i t r o g e n  and hydrogen (NH3) t h a t  can  be  a p p l i e d  

d i r e c t l y  a s  a f e r t i l i z e r  i t s e l f  o r  used a s  a  f e e d s t o c k  f o r  manufacture  of 

o t h e r  n i t r o g e n o u s  f e r t i l i z e r s .  A t  p r e s e n t ,  over  95 perce.nt of a l l  commercial 

f e r t i l i z e r  n i t r o g e n  i s  s u p p l i e d  by o r  d e r i v e d  from s y n t h e t i c  ammonia, which 

is  produced by c a t a l y t i c  r e a c t i o n  between n i t r o g e n  from a i r  and hydrogen 

from " s y n t h e s i s  gas".  The l a t t e r  i s  prepared from steam and v a r i o u s  

hydrocarbon raw m a t e r i a l s  ( n a t u r a l  g a s ,  c o a l ,  nap tha ,  e t c . ) ,  s o  ammonia i s  

cons ide red  a  pe t rochemica l  . 
The major s t r a i g h t  n i t r o g e n  f e r t i l i z e r s  a r e  

(1) anhydrous ammonia 

(2) aqua ammonia 

(3) n i t r o g e n  s o l u t i o n s  

(4) ammonium n i t r a t e  

(5) u r e a  

(6)  ammonium s u l p h a t e  

I n  a d d i t i o n  t o  t h e  s t r a i g h t  n i t r o g e n  f e r t i l i z e r s ,  over  h a l f  of a l l  

f e r t i l i z e r  n i t r o g e n  i s  a p p l i e d  a s  compound NP and NPK t y p e s .  The r e l a t i o n s h i p  

between t h e s e  n i t r o g e n o u s  p r o d u c t s  was o u t l i n e d  i n  F i g u r e  1V.B-1 .  



I V . D . 1  Ammonia 

S y n t h e t i c  ammonia i s  t h e  wor ld ' s  l a r g e s t  volume petrochemical ,  w i t h  

a  worldwide product ion of 94 m i l l i o n  m e t r i c  t o n s  i n  1981. New p l a n t s  have 

o u t p u t s  i n  t h e  range of 1000 t o  1200 tons  NH3 per  day,  r e q u i r i n g  on t h e  o r d e r  

of one m i l l i o n  cub ic  mete r s  of n a t u r a l  g a s  t o  supply d a i l y  f u e l  and feeds tock  

consumption i n  n a t u r a l  gas-based p l a n t s .  Most new p l a n t s  today u s e  n a t u r a l  

gas  technology and a r e  l o c a t e d  i n  s i t e s  wi th  ample s u p p l i e s  of g a s ,  e i t h e r  

from crude o i l - a s s o c i a t e d  sources  o r  gas  d e p o s i t s .  

Most ammonia p l a n t s  use  t h e  same hydrocarbon m a t e r i a l  f o r  bo th  

feeds tock  and p rocess  f u e l .  The main a l t e r n a t i v e s  a r e  n a t u r a l  g a s ,  nap tha ,  

f u e l  o i l ,  and c o a l .  Na tura l  g a s  remains t h e  p r e f e r r e d  f e e d s t o c k ,  d e s p i t e  

r e c e n t  changes i n  r e l a t i v e  p r i c e s .  Regard less  of t h e  type  of f e e d s t o c k  used,  

t h e r e  a r e  four  major process ing s t e p s  i n  ammonia manufacture:  

(1) r e a c t i o n  of s'team and hydrocarbon a t  h igh  temperature  (800°C) 

t o  y i e l d  " s y n t h e s i s  gas" ,  a  mix ture  of hydrogen and carbon 

monoxide 

( 2 )  t r ea tment  of s y n t h e s i s  g a s  wi th  more steam a t  h igher  temperature  

(900-1200°C) t o  produce a d d i t i o n a l  hydrogen by r e a c t i o n  of 

carbon monoxide and steam. Th is  s t e p  i s  c a l l e d  " s h i f t  conversion".  

(3) p u r i f i c a t i o n  of t h e  hydrogen by removing remaining CO and C02. 

Th is  is  a  two-stage p rocess .  

(4) c a t a l y t i c  r e a c t i o n  a t  h igh  p r e s s u r e  (150-350 atmospheres) 

between hydrogen and n i t r o g e n  (added a s  a i r  i n  s t e p  (1) ) , 

forming ammonia. 

F igure  1 V . D - 1  i n d i c a t e s  t h e  f low c h a r t  and chemical  r e a c t i o n  f o r  ammonia 

s y n t h e s i s ,  and F igure  1V.D-2 i n d i c a t e s  t h e  p rocess  o p e r a t i o n s  and r e l a t e d  
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FIGURE 1V.D-1 

FLOW CHART OF AMMONIA SYNTHESIS 
(Steam Reforming of Natural Gas) 

Source: U.N.,  " ~ e r t i l i z e r  Manual", 1980. 





I V . D . l . l .  S y n t h e s i s  Gas P r e p a r a t i o n  

S y n t h e s i s  g a s  i s  p r e p a r e d  from n a t u r a l  g a s  o r  nap tha  f e e d s t o c k s  by a 

p r o c e s s  known as "steam r e f o r m i n g f f .  Hydrocarbons h e a v i e r  t h a n  n a p t h a ,  such  

a s  f u e l  o i l ,  are c o n v e r t e d  i n t o  s y n t h e s i s  g a s  by means o f  t h e  " p a r t i a l  

o x i d a t i o n "  p r o c e s s .  

Steam re fo rming  o f  n a t u r a l  g a s  o r  n a p t h a  i s  u s u a l l y  c a r r i e d  o u t  i n  

two s t a g e s  ( s e e  F i g u r e  1V.D-2), u s i n g  p r imary  and seconda ry  r e f o r m e r s .  

The f i r s t  s t e p  I n  t h e  p r o c e s s ,  however, i s  d e s u l p h u r i z a t i o n  o f  t h e  f e e d s t o c k  

t o  p r e v e n t  p o i s o n i n g  o f  t h e  r e fo rmer  c a t a l y s t .  The p r imary  s t a g e  t h e n  

c o n v e r t s  t h e  b u l k  o f  t h e  f e e d s t o c k  t o  hydrogen and ca rbon  monoxide by 

r e a c t i o n  w i t h  steam o v e r  a n i c k e l  c a t a l y s t .  The remainder  o f  t h e  r e a c t i o n  

o c c u r s  i n  t h e  seconda ry  r e f o r m e r  a t  h i g h e r  t e m p e r a t u r e s  w i t h  h e a t  a v a i l a b l e  

from t h e  i n t r o d u c t i o n  of  a i r ,  which b u r n s  p a r t  o f  t h e  s y n t h e s i s  g a s  and 

s u p p l i e s t h e  r e q u i r e d  amount of n i t r o g e n  f o r  ammonia s y n t h e s i s .  

The p r imary  r e fo rmer  c o n t a i n s  a  l a r g e  number of  c a t a l y s t - p a c k e d  

t u b e s  which a r e  e x t e r n a l l y  h e a t e d  by combustion of a f u e l  which i s  u s u a l l y .  

b u t  n o t  a lways ,  t h e  same as t h e  f e e d s t o c k .  The r e f o r m e r  t u b e s  a r e  high- 

s t r e n g t h ,  s t a i n l e s s  s t e e l ,  r a n g i n g  from 7 . 5  t o  20 cm i n  d i a m e t e r  and 

3 t o  14  meters i n  l e n g t h .  To p r o v i d e  800-900 '~  e x i t  t e m p e r a t u r e s ,  t h e  t u b e  

0 
w a l l s  may be 900-1000 C o r  more, and t h e r e f o r e  r e q u i r e  expens ive  

c o n s t r u c t i o n  m a t e r i a l s  and c a r e f u l  d e s i g n  and o p e r a t i o n  t o  w i t h s t a n d  such  

s e v e r e  c o n d i t i o n s .  Heat  ene rgy  i n  t h e  combustion e x h a u s t  g a s e s  l e a v i n g  t h e  

r e fo rmer  is  used  t o  p roduce  steam, t o  p r e h e a t  t h e  incoming f e e d s t o c k -  

s team m i x t u r e s ,  and t o  p r e h e a t  t h e  combust ion  a i r .  

The t y p i c a l  s econda ry  r e fo rmer  i s  a  c y l i n d r i c a l  r e f r a c t o r y - l i n e d  

v e s s e l .  The uppe r  p a r t  s e r v e s  as a combustion chamber f o r  p r e h e a t e d  a i r  



and primary reformer e x i t  gas .  Combustion r a i s e s  t h e  temperature  t o  

1 2 0 0 ' ~  and t h e  hot gas  descends through t h e  lower p a r t  of t h e  reformer ,  

which i s  f i l l e d  wi th  a  c a t a l y s t .  A s  i t  e x i t s  t h e  secondary reformer ,  t h e  

g a s  h a s  cooled t o  about 950-1000°C and c o n t a i n s  about 56% hydrogen, 12Y 

carbon monoxide, 8% carbon d iox ide ,  and u s u a l l y  l e s s  than  0.5% methane. 

1V.D. 1.2 S h i f t  Conversion 

The CO s h i f t  convers ion i s  u s u a l l y  c a r r i e d  o u t  i n  two s t e p s ,  a t  

a  cons iderab ly  lower temperature  than t h e  reforming r e a c t i o n s .  Gas from 

t h e  secondary reformer i s  cooled t o  about 375OC p r i o r  t o  e n t e r i n g  t h e  

c o n v e r t e r s .  The reformed g a s  h e a t  con ten t  i s  recovered by genera t ing  

steam i n  a  h e a t  exchanger. 

S h i f t  c o n v e r t e r s  c o n t a i n  c a t a l y s t  beds t o  promote t h e  convers ion 

of CO and steam t o  hydrogen and C02. A f t e r  l eav ing  t h e  s h i f t  c o n v e r t e r ,  

t h e  CO con ten t  of t h e  g a s  i s  l e s s  than  0.3% and t h e  C02 c o n t e n t  i s  18% o r  

more, depending on t h e  feeds tock  composit ion.  

IV.D.1.3 Gas P u r i f i c a t i o n  

Gas e x i t i n g  t h e  s h i f t  conver te r  i s  cooled t o  about 100°C and passed 

t o  a n  a b s o r p t i o n  tower where C02 is  removed by d i s s o l u t i o n  i n t o  a  l i q u i d  i n  

which i t  i s  h i g h l y  s o l u b l e .  Most new p l a n t s  u s e  potassium carbona te  

s o l u t i o n s  t o  absorb t h e  C02. 

While t h e  g a s  c o n t a i n s  on ly  0.34 CO and 0.2% CO a f t e r  l eav ing  t h e  
2' 

C02 a b s o r p t i o n  s t e p ,  t h e s e  t r a c e s  must be removed b e f o r e  t h e  f i n a l  ammonia 

s y n t h e s i s  s t e p  because even i n  such smal l  amounts they  i n t e r f e r e  wi th  t h e  

s y n t h e s i s  c a t a l y s t  and t h e  s y n t h e s i s  r e a c t i o n .  The i r  removal i s  achieved by 

"methanation" which is  t h e  r e v e r s e  of t h e  reformer  r e a c t i o n s .  A n i c k e l -  

based c a t a l y s t  i s  used t o  r e a c t  hydrogen w i t h  CO and C02 t o  produce methane. 
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A p r e h e a t e r  i s  r e q u i r e d  t o  raise t h e  g a s  t e m p e r a t u r e  t o  300-350 C p r i o r  t o  

e n t e r i n g  t h e  me thana to r .  S y n t h e s i s  g a s  l e a v i n g  t h e  me thana to r  c o n t a i n s  

a b o u t  74% H2,  24% N 2 ,  0.8% methane,  and 0 .3% oxygen. 

IV.D.1.4 Ammonia S y n t h e s i s  

The s y n t h e s i s  s t e p  a c h i e v e s  t h e  a c t u a l  o b j e c t  o f  t h e  ammonia p l a n t :  

a l l  o p e r a t i o n s  d e s c r i b e d  above mere ly  p r e p a r e  a  s u i t a b l e  raw m a t e r i a l ,  

which i s  a  3 : l  m i x t u r e  o f  hydrogen and n i t r o g e n .  

An i m p o r t a n t  f a c t o r  i n  t h e  d e s i g n  and o p e r a t i o n  o f  t h e  s y n t h e s i s  

s e c t i o n  i s  t h a t  t h e  r e a c t i o n  of  hydrogen w i t h  n i t r o g e n  t o  produce  ammonia 

c a n  o n l y  b e  p a r t i a l l y  comple ted  i n  a s i n g l e  p a s s  t h rough  t h e  r e a c t o r .  T h i s  

i s  q u i t e  d i f f e r e n t  from t h e  r e fo rming  s t e p ,  where t h e  methane-steam 

r e a c t i o n  c a n  b e  d r i v e n  a l m o s t  t o  comple t ion  i n  one p a s s  t h rough  t h e  r e fo rmer  

r e a c t o r s .  

S i n c e  t h e r e  is no combina t ion  i n  ammonia s y n t h e s i s  t h a t  w i l l  g i v e  

m o r e , t h a n  a b o u t  20% c o n v e r s i o n  under  p r a c t i c a b l e  o p e r a t i n g  c o n d i t i o n s ,  t h e  

o p e r a t i o n  is  o f  t h e  loop  t y p e ,  i n  which a  s t r e a m  of makeup g a s  i s  added a t  

one s i d e  of  t h e  l o o p ,  and a  stream of p r o d u c t  removed a t  t h e  o t h e r  

( s e e  F i g u r e  1V.D-2). Both t h e  incoming and p r o d u c t  s t r e a m  a r e  small 

compared t o  t h e  l o o p  r e c i r c u l a t i o n  s t r eam.  P roduc t  ammonia i s  s e p a r a t e d  

from t h e  c i r c u l a t i n g  loop  g a s  by c o o l i n g ,  which c a u s e s  t h e  ammonia t o  

condense  t o  a  l i q u i d  t h a t  is r e a d i l y  s e p a r a t e d  from t h e  u n r e a c t e d  n i t r o g e n  

and hydrogen.  

Major equipment i t e m s  i n  t h e  ammonia s y n t h e s i s  l oop  a r e  i n d i c a t e d  i n  

F i g u r e  1V.D-3. A l a r g e  compressor  i s  r e q u i r e d  t o  raise t h e  p r e s s u r e  o f  

l oop  makeup g a s  t o  l o o p  p r e s s u r e ,  which is i n  t h e  r a n g e  o f  150-250 a tmospheres ,  

Large  p l a n t s  u s e  two o r  t h r e e - s t a g e  c e n t r i f u g a l  compressors  d r i v e n  
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by s team t u r b i n e s  r u n  on h i g h - p r e s s u r e  s t eam g e n e r a t e d  ma in lv  from h o t  p r o c e s s  

g a s  l e a v i n g  t h e  seconda ry  r e fo rmer .  Gas t u r b i n e s  a r e  used  i n  many p l a n t s  i n  

p l a c e  of  steam t u r b i n e s .  Even though c a p i t a l  c o s t s  a r e  h i g h e r  f o r  t h e  fo rmer ,  

t h e i r  t he rma l  e f f i c i e n c y  is  h i g h e r  because  h o t  exhaus t  g a s e s  p r o v i d e  ready-made 

p r e h e a t e d  r e fo rmer  a i r .  

The c e n t r i f u g a l  compressor  f o r  a 1000  tpd  ammonia p l a n t  i s  a  l a r g e  

equipment i t e m .  For  s u c t i o n  and o u t l e t  p r e s s u r e s  o f  30 and 245 

a tmosphe res  r e s p e c t i v e l y ,  a steam t u r b i n e  d e v e l o p i n g  a b o u t  23,000 ho r se -  

power i s  r e q u i r e d .  La rge  u n i t s  have  t h r e e  compress ion  s t a g e s  and o p e r a t e  

a t  s p e e d s  of  15 ,000  rpm. T y p i c a l  o v e r a l l  d imens ions  f o r  such  a  u n i t  a r e  

32 f t .  l o n g  by 9 f t .  wide .  Gas c o o l i n g  between compressor  s t a g e s  i s  

n e c e s s a r y ,  b u t  many p l a n t s  c o o l  t h e  g a s  by r e f r i g e r a t i o n  r a t h e r  t h a n  by 

w a t e r  t o  r e d u c e  power r e q u i r e m e n t s .  

It s h o u l d  b e  no ted  t h a t  s y n t h e s i s  g a s  compress ion  i s  o n l y  p a r t  o f  

t h e  compress ion  l o a d  i n  a n  ammonia p l a n t ,  a s  n a t u r a l  g a s  and a i r  

compress ion  b e f o r e  r e fo rming ,  p l u s  ammonia vapor  compress ion  t o  supp ly  

r e f r i g e r a t i o n  i n  t h e  s y n t h e s i s  l o o p  may r e q u i r e  more t o t a l  horsepower t h a n  

t h e  main compressor .  However, t h e  o u t l e t  p r e s s u r e  l e v e l s  r e q u i r e d  f o r  t h e s e  

s e r v i c e s  i s  r e l a t i v e l y  low. T y p i c a l  compressor  s e r v i c e s  i n  a modern 

c e n t r i f u g a l  ammonia p l a n t  a r e  shown i n  Tab le  1 V . D - 1 .  

Ammonia s y n t h e s i s  i s  c a r r i e d  o u t  a t  400-500'~ o v e r  a  s p e c i a l  

c a t a l y s t .  Two t y p e s  o f  c o n v e r t e r s  a r e  i n  u s e :  (1) t h o s e  hav ing  a  m u l t i p l e  

c a t a l y s t  bed w i t h  p r o v i s i o n  f o r  "quenching" t h e  g a s  between beds  by 

i n j e c t i n g  c o o l  f e e d  g a s ,  f o r  removing h e a t  by steam g e n e r a t i o n ,  o r  f o r  

p r e h e a t i n g  t h e  incoming f e e d  g a s ,  and ( 2 )  t h o s e  hav ing  a c o n t i n u o u s  

c a t a l y s t  bed w i t h  a h e a t  exchange  f o r  removing h e a t  of  t h e  ammonia s y n t h e s i s  

r e a c t i o n .  
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TABLE 1V.D-1 

TYPICAL CENTRIFUGAL COMPRESSOR SERVICES 
IN A MODERN AMMONIA PLANT 

APPROXIMATE HP 
SERVICE PRESSURE RANGE FOR 1000 STPD 

Natura l  Gas IOU-600 p s i  (6.8-41 atm) 1500 

A i r  atm-600 p s i  (0-41 atm) 8500 

Syn thes i s  gas  400-2300 p s i g  (27-150 atm) 17500 

Re f r i ge r a t i on  0-275 p s i g  (0-18 atm) 10500 

Source: U.N. ,  " F e r t i l i z e r  Manual", 1980. 



The gas entering the converter contains nitrogen and hydrogen in a 

3:1 ratio plus 10-14% inerts and about 2% ammonia, while gas leaving the 

converter contains 12-18% ammonia. 

IV.D.1.5 Input Requirements 

The economic capacity of an ammonia plant is between 200,000 and 

550,000 t/a and may be associated with methanol production. At such 

integrated plants the ratio of product is 2:1, ammonia to methanol. 

Outputs for a 330,000 t/a ammonia plant requires, per ton of 

product Natural gas 36 GJ or 1100 cu m 

Electricity 20 - 35 kWh 

Water 200 t (which may be reduced by 

recirculation) 

Land 0.2 - 0.3 sq m 
Personnel 0.0005 (say 2,200 t/m/a) 

Table 1V.D-2 shows the required unit inputs for a 1000 short ton 

per day plant, on a comparison basis for different feedstock. 

IV.D.1.6 Ammonia Storage 

Ammonia is a gas at atmospheric pressure and ambient temperatures, 

but it is almost invariably transported and stored in the liquid stage. 

Liquefaction of gaseous ammonia requires compression or refrigeration, or 

a combination of the two, with the following conditions in use for bulk 

storage and transport. 

(1) fully refrigerated - atmospheric pressure and a temperature of 

(2) semi-refrigerated - gauge pressure of 3-4 atmospheres and a 
0 

temperature of 0-5 C 



TABLE 1V.D-2 

COMPARISON OF AMMONIA PRODUCTION INPUTS (330,000 SHORT TONS PER YEAR; 
330 OPERATING DAYS PER YEAR) THAT ,RESULT FROM USING A FEEDSTOCK 

OF NATURAL GAS, NAPTHA, FUEL OIL, OR COAL 

P i t t s b u r g h  
H e a v y  F u e l  O i l  Seam C o a l  

N a t u r a l  G a s  N a p t h a  S t e a m  T e x n c o  P a r t  i n 1  T e x a c o  P a r t i a  I 
S t e a m  R e f o r m i n g  R e f o r m i n g  Ox i d a  t i o n  Ox  i d a t  i o n  - 

Raw M a t e r i a l s  

C o a l  

N a t u r a l  g a s  

Nap tha  

Heavy f u e l  o i l  

U t i l i t i e s  

Power 

S t e a m  

BFW 

C o o l i n g  Wate r  

2 tons  

31 MM B t u  

20 kwh/ t o n  22 kWh/ ton  110 kwh/ t o n  136 kWh1ton 

L a b o r  + S u p e r v i s i o n  
( 4  s h i f t s )  6 m e n l s h i f t  7 m c n / s l ~ i  l't ti m c ~ u / s h  i l ' t  

Source: Strelzhoff, S., "Hydrocarbon ~rocessing", October 1974. 
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FIGURE I V  . D-4 

SIMPLIFIED DIAGRAM OF' REFRIGERATED STORAGE FACILITY 

11 Source :  U .N., F e r t i l i z e r  Manual", 1980. 

IV.D.1.6.b S e m i - r e f r i g e r a t e d  and P r e s s u r e ' s t o r a g e  

The r e g r i g e r a t i o n  sys t em is  similar i n  p r i n c i p l e  t o  f u l l y  

r e f r i g e r a t e d  s t o r a g e ,  b u t  much less e l a b o r a t e  i n  d e s i g n  and r e l a t i v e l y  

i n e x p e n s i v e .  The advan tage  o f  s e m i - r e f r i g e r a t i o n  ove r  f u l l  p r e s s u r e  

s t o r a g e  i s  t h a t  much l i g h t e r  s tee l  c a n  be  used  t o  f a b r i c a t e  t h e  t a n k s .  

P r e s s u r e  o r  s e m i - r e f r i g e r a t e d  s t o r a g e  is  economical  f o r  q u a n t i t i e s  up t o  

2000 t o n s .  Tanks i n  t h e  upper  p o r t i o n  of  t h i s  r a n g e  a r e  u s u a l l y  s p h e r i c a l ,  



while  h o r i z o n t a l  c y l i n d r i c a l  t anks  wi th  hemispher ica l  ends a r e  used f o r  

smal le r  q u a n t i t i e s .  

I V . D . 2  N i t r i c  Acid 

The p r i n c i p a l  use  f o r  n i t r i c  a c i d  i s  i n  f e r t i l i z e r  p roduc t ion .  

Ammonium n i t r a t e  i s  t h e  primary end product  used s t r a i g h t  o r  i n  compound 

f e r t i l i z e r s ,  n i t rophospha tes ,  n i t r o g e n  s o l u t i o n s ,  o r  mixed s a l t s .  N i t r i c  

a c i d  a l s o  has  many i n d u s t r i a l  uses ,  inc lud ing  t h e  manufacture of e x p l o s i v e s .  

V i r t u a l l y  a l l  n i t r i c  a c i d  manufactured today i s  ob ta ined  by 

. c a t a l y t i c  o x i d a t i o n  of an  ammonia and a i r  mixture .  This  r e a c t i o n  produces 

n i t r i c  ox ide  (NO), which i n  t u r n  i s  ox id ized  t o  h igher  n i t r o g e n  ox ides  (NO ) t h a t  
2 

form n i t r i c  a c i d  when absorbed i n  water .  The fol lowing major f e a t u r e s  a r e  

u s u a l l y  found i n  modern n i t r i c  a c i d  p l a n t s :  

(1) v a p o r i z a t i o n ,  superhea t ing ,  and f i l t r a t i o n  of anhydrous 

ammonia 

( 2 )  p r e h e a t i n g ,  f i l t r a t i o n ,  and compression of p rocess  a i r  

( 3 )  c a t a l y t i c  p x i d a t i o n  of ammonia 

(4) coo l ing  of n i t r i c  oxide  by h e a t  exchange wi th  p rocess  a i r ,  

b o i l e r  wa te r ,  t a i l  gas ,  e t c .  

(5) o x i d a t i o n  of n i t r i c  oxide  t o  h igher  ox ides  

(6)  a b s o r p t i o n  of n i t r o g e n  ox ides  i n  water  t o  form n i t r i c  a c i d  

(7)  b leach ing  of a c i d  by a d d i t i o n a l  a i r  o r  o t h e r  means 

(8) t r ea tment  of t a i l  gas  t o  improve p l a n t  e f f i c i e n c y  and reduce 

a i r  p o l l u t i o n  

(9)  recovery of energy i n  compressed p rocess  gases  

(10) c a t a l y s t  recovery 
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C l a s s i f i c a t i o n  of  commercial  p r o c e s s e s  i s  o f t e n  based  on t h e  

o p e r a t i n g  p r e s s u r e s  used:  monopressure  sys t ems  u s e  a  s i n g l e  p r e s s u r e  

t h r o u g h o u t ,  whereas  d u a l  p r e s s u r e  p r o c e s s e s  u s e  lower  p r e s s u r e  f o r  t h e  

ammonia o x i d a t i o n  s t e p  t h a n  t h e  o x i d e  a b s o r p t i o n  s t e p .  Monopressure p l a n t s  

u s e  e i t h e r  medium (3-5 a tmosphe res )  o r  h i g h  (8-13 a tmosphe res )  t h r o u g h o u t ,  

and d u a l  p r e s s u r e  p a l n t s  u s e  medium-pressure combustion and h i g h - p r e s s u r e  

a b s o r p t i o n .  

Numerous p r o p r i e t a r y  p r o c e s s e s  f o r  n i t r i c  a c i d  manufac tu re  a r e  

a v a i l a b l e ,  one  of  which is  shown s c h e m a t i c a l l y  i n  F i g u r e  1V.D-5. T h i s  

p r o c e s s  o p e r a t e s  a t  5 a tmosphe res  t h roughou t  t h e  sys tem,  and u s e s  t h e  

ammonia v a p o r i z e r  t o  produce  c h i l l e d  w a t e r  used  t o  c o o l  t h e  second 

a b s o r p t i o n  tower .  Nitric a c i d  c o n c e n t r a t i o n s  w i t h  t h i s  t y p e  of p l a n t  a r e  

i n  t h e  r a n g e  of  65 p e r c e n t ,  w i t h  o v e r a l l  n i t r o g e n  r e c o v e r y  o f  a b o u t  96%.  

I n  most p r o c e s s e s ,  t h e  compressors  a r e  d r i v e n  by expans ions  of 

p r e h e a t e d  t a i l  g a s e s  o r  by s t e a m  g e n e r a t e d  from h e a t  r e l e a s e d  by t h e  

chemica l  r e a c t i o n  o f  a c i d  manufac tu re .  I n  some c a s e s ,  however, t h e  

compressors  are d r i v e n  by e l e c t r i c  mo to r s ,  and t h e  h e a t  of  r e a c t i o n  

r e c o v e r e d  by s t eam g e n e r a t i o n  is  e x p o r t e d  t o  o t h e r  p l a n t  u n i t s .  

Approximate o p e r a t i n g  i n p u t s  f o r  a mono-medium p r e s s u r e  p l a n t  

(5 a tmosphe res )  a r e  as f o l l o w s :  

NH r e q u i r e d ,  Kg/ ton  a c i d  
3  284 

P l a t i n u m  l o s s ,  m i l l i g r a m s / t o n  a c i d  95 

E l e c t r i c i t y ,  KWh/ton a c i d  22 

: Steam c r e d i t ,  Kg/ton a c i d  600 

Cool ing  water, c u b i c  m e t e r s / t o n  a c i d  8 7 

Labor ,  man-hours/ ton a c i d  0.08 



FIGURE 1V.D-5 

MEDIUM-PRESSURE NITRIC ACID PROCESS (UHDE) 

Source: U.N., " F e r t i l i z e r  Manual1', 1980. 



Actual  v a l u e s  va ry  widely depending on p l a n t  des ign  and o p e r a t i n g  c o n d i t i o n s .  

P l a n t s  b u i l t  dur ing  t h e  1960s have c a p a c i t i e s  o f  300-400 t o n s  of a c i d  pe r  

day (100% a c i d  b a s i s ) ,  whi le  newer p l a n t s  have o u t p u t s  on t h e  o r d e r  of 

700-900 t o n s  pe r  day.  

I V . D . 3  Ammonium N i t r a t e  

Ammonium n i t r a t e  is  a  very popular  f e r t i l i z e r  i n  many 

temperate  zone c o u n t r i e s .  It is  produced by n e u t r a l i z i n g  n i t r i c  a c i d  w i t h  

ammonia, producing a  n i t r a t e  s o l u t i o n  t h a t  v a r i e s  between 80 and 90 p e r c e n t  

by weight depending on o p e r a t i n g  c o n d i t i o n s .  The s o l u t i o n ,  known a s  AN- 

s o l u t i o n ,  can e i t h e r  be  s o l d  d i r e c t l y  o r  f u r t h e r  processed i n t o  a  

d ry  p roduc t .  

For a  g r a n u l a r  o r  c r y s t a l  p roduc t ,  t h e  80-90 p e r c e n t  AN-solution 

must be concen t ra ted  up t o  95 p e r c e n t  ammonium n i t r a t e .  Concentra t ion t o  

99-99.5 p e r c e n t  i s  r e q u i r e d  i n  o r d e r  t o  produce a  p r i l l e d  p roduc t .  I n  t h e  

p r i l l i n g  p rocess ,  concentra ted s o l u t i o n  i s  pupped t o  t h e  top  of a  tower,  

up t o  50 mete r s  i n  h e i g h t ,  where i t  i s  sprayed downward, c o u n t e r c u r r e n t  t o  

a  s t ream of a i r  which c o o l s  and s o l i d i f i e d  t h e  d r o p l e t s .  The p r i l l s  a r e  

then  f u r t h e r  d r i e d  t o  reduce t h e  mois tu re  c o n t e n t  t o  l e s s  than 0 . 5  p e r c e n t .  

They a r e  nex t  coated wi th  an  an t i -cak ing  a g e n t .  

Product ion of dry  c r y s t a l l i n e  ammonium n i t r a t e  r e q u i r e s  t h a t  t h e  

s o l u t i o n  from t h e  c o n c e n t r a t o r  (95 percen t  AN)  be fed  t o  a  cont inuous  

vacuum evapora t ion  c r y s t a l l i z e r ,  i n  which t h e  s o l u t i o n  c o o l s  and 

thereby forms AN c r y s t a l s .  C r y s t a l  s l u r r y  i s  then  f e d  t o  a  c e n t r i f u g e  

f o r  c r y s t a l  s e p a r a t i o n .  The s e p a r a t e d  c r y s t a l s  a r e  s e n t  t o  a  d r i e r  f o r  water  

removal t o  0 . 1  p e r c e n t  water c o n t e n t ,  cooled,  and coa ted  w i t h  a n  an t i -cak ing  

agen t .  
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A schemat ic  f lowsheet  f o r  a  t y p i c a l  ammonium n i t r a t e  p rocess  i s  

shown i n  Figure  1V.D-6. Product ion i n p u t s  f o r  a  l a r g e  p l a n t  (1400 m e t r i c  

t o n s  pe r  day) a r e  roughly a s  fol lows:  

Input.  P e r  ton  AN ( p r i l l e d )  

Ammonia 0 . 2 1  ton  

N i t r i c  a c i d  0.77 ton  

S t a b i l i z e r  4  Kg 

Steam 0 .2  t o n  

Water 8 m 3 

E l e c t r i c i t y  . 20 K w h  

Labor 0 .17 manhour 

IV.D.4 Urea 

Urea is one of t h e  most widely used s o l i d  n i t rogenous  f e r t i l i z e r s ,  

due t o  i t s  high n i t r o g e n  c o n c e n t r a t i o n  (46%) and f a v o r a b l e  p roduc t ion  c o s t s  

compared t o  o t h e r  n i t rogenous  f e r t i l i z e r s .  It is  a l s o  w e l l  s u i t e d  t o  u s e .  

i n  warm c l i m a t e s  and f o r  f e r t i l i z i n g  of r i c e  p l a n t s ,  and accounts  f o r  about 

85% of ni t rogenous f e r t i l i z e r  c a p a c i t y  i n  Asia .  Urea is  a l s o  used a s  a 

c a t t l e  f eed  supplement and f o r  i n d u s t r i a l  a p p l i c a t i o n s ,  no tab ly  f o r  

p roduc t ion  of p l a s t i c s .  

The raw m a t e r i a l s  f o r  commercial p roduc t ion  of u rea  a r e  carbon 

d iox ide  and ammonia, both  of which a r e  ob ta ined  from an  a d j a c e n t  ammonia 

manufacturing u n i t .  (Carbon d iox ide  i s  a by-product of ammonia manufacture.)  

The r e a c t i o n  between ammonia and carbon d iox ide  forms an  i n t e r m e d i a t e  

p roduc t ,  named ammonium carbamate,  which decomposes t o  form urea  and water  i n  

t h e  second s t e p  of t h e  r e a c t i o n .  Convers ionof  carbamate t o  urea and water  

goes t o  40-70 percen t  completion depending on p rocess  c o n d i t i o n s .  



FIGURE 1V.D-6 

TYPICAL FLOWSHEET FOR AMMONIUM NITRATE PRODUCTION 

S o u r c e :  OECD, " E m i s s i o n  C o n t r o l  C o s t s  i n  t h e  F e r t i l i z e r  l n d u s t r y f l ,  J u l y  1 9 7 7 .  



Three b a s i c  urea  p roduc t ion  methods a r e  i n  use ,  d i f f e r i n g  

p r i n a r i l y  i n  t h e  handl ing of unreacted ammonia and carbon d iox ide  i n  t h e  

r e a c t o r  e x i t  gases :  

(1) i n  t h e  'once-through p r o c e s s '  t h e  unreacted raw m a t e r i a l s  a r e  

n o t  r ecyc led ,  b u t  used i n  manufacturing o t h e r  f e r t i l i z e r s  

( 2 )  i n  " p a r t i a l  r ecyc le"  a f r a c t i o n  of t h e  excess  ammonia i s  

recyc led  back t o  t h e  r e a c t o r  whi le  o t h e r  p o r t i o n s  a r e  used 

i n  p roduc t ion  of o t h e r  f e r t i l i z e r s  

( 3 )  t h e  " t o t a l  r ecyc le"  p rocess  r e c y c l e s  bo th  ammonia and carbon 

ddoxide back t o  t h e  r e a c t o r .  

High-pressure r e a c t i o n  c o n d i t i o n s  a r e  used i n  a l l  commercial u rea  

p rocesses . .  The r e a c t i o n  of ammonia and carbon d i o x i d e  t o  form u r e a ,  

ammonium carbamate,  and water  t akes  p l a c e  i n  t h e  r e a c t o r  a t  p r e s s u r e s  of 

130-250 atmospheres and temperatures  of 180-210'~. The u rea  r e a c t o r  

e f f l u e n t  c o n t a i n s  urea  and wate r  formed by t h e  s y n t h e s i s  r e a c t i o n ,  a long 

w i t h  unconverted carbamate and excess  ammonia. Carbamate i s  s e p a r a t e d  by 

manipula t ing subsequent p rocess  c o n d i t i o n s  i n  a "decomposer" where t h e  

carbamate d i s s o c i a t e s  i n t o  ammonia and carbon d i o x i d e  ( r e v e r s e  of s y n t h e s i s  

p r o c e s s ) .  The ammonia and carbon d i o x i d e  a r e  removed from t h e  u rea  s o l u t i o n  

a s  gases  and recyc led  back t o  t h e  s y n t h e s i s  r e a c t o r .  The u rea  s o l u t i o n  flows 

t o  a second decomposer f o r  f i n a l  carbamate removal and then t o  a c o n c e n t r a t o r .  

The r e s u l t a n t  75% s o l u t i o n  can be  used a s  i s  o r  f u r t h e r  concen t ra ted  and 

transformed i n t o  a s o l i d  product  by p r i l l i n g  o r  g r a n u l a t i o n .  

P r i l l i n g ,  desc r ibed  f o r  ammonium n i t r a t e  manufacture i n  S e c t i o n  

I V . D . 3 ,  i s  s t i l l  t h e  most widely used p rocess  f o r  s o l i d  u rea  f i n i s h i n g , - b u t  

most new p l a n t s  i n  t h e  U.S agd Canada a r e  i n s t a l l i n g  u r e a  g r a n u l a t i o n  

equipment because of h igher  demand f o r  t h e  g r a n u l a r  form. Granular urea  
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h a s  g r e a t e r  c rush ing  s t r e n g t h  and r e s i s t a n c e  t o  a b r a s i o n  than  t h e  p r i l l e d  

form;and g r e a t e r  f l e x i b i l i t y  i n  p a r t i c l e  s i z e  de te rmina t ion .  

The fol lowing raw m a t e r i a l s  and u t i l i t y  consumptions a r e  r e p o r t e d  

f o r  one of t h e  many l i c e n s e s  area (46%) p rocesses ,  p e r  ton  o f  product :  

Ammonia 0.58 t 

Carbon Dioxide 0.76 t 

Water 75 t 

S t earn 1 . 2  t 

E l e c t r i c i t y  125 kwh 

Personnel  0.0005 (say 2,200 t /m/a) 



I V .  E  Other F e r t i l i z e r s  

IV.E.l Potash F e r t i l i z e r s  

Potash n u t r i e n t  r a t i n g s  a r e  o f t e n  i n  t h e  ox ide  K 0  form wi th  83% 
2 

r a t i n g  of e lementa l  potassium. While po tash  is  abundant i n  t h e  s e a  and i n l a n d  

b r i n e  d e p o s i t s ,  e x t r a c t i o n  c o s t s  a r e  h igh  s o  t h a t  most r esources  a r e  d ry  

mined salts followed by b e n e f i c a t i o n  of t h e  ore .  The l a r g e s t  of t h e s e  i s  

potassium c h l o r i d e ,  mur ia te  of potash,  which y i e l d s  about 85% of  a l l  po tash  

produced. The most common o r e s  a r e  S y l v i n i t e  w i t h  1 0  - 35%, K20, C a r n a l l i t e  

(10 - 1 6 % ) ,  Langbe in i t e  (7 - 1 2 % ) ,  K a i n i t e  (13 - 18%) and H a r t s a l t z  (10 - 20%). 

With t h e  excep t ion  of C a r n a l l i t e ,  produced i n  t h e  Congo and B r a z i l ,  most pro- 

d u c t i o n  i s  i n  North America, t h e  USSR o r  Europe. Thailand has  r e s e r v e s  of 

po tash  bu t  they a r e  n o t  c u r r e n t l y  be ing  e x p l o i t e d .  The predominant source  of 

potassium c h l o r i d e  is s y l v i n i t e .  Po tash  p r o d u c t i o n a t  t h e  mine i s  u s u a l l y  

accompanied by b e n e f i c a t i o n  p rocesses  which i n c l u d e  f r o t h  f l o t a t i o n  and 

f r a c t i o n a l  c r y s t a l l i z a t i o n .  

Potassium ch lor ide '  has  a  h i g h  a n a l y s i s  of 0.0.60, bu t  i t  may be harmful 

on some p l a n t s  because of t h e  c h l o r i n e  con ten t .  For t h i s  r eason ,  potassium 

s u l p h a t e  (0.0.50), a l though  more expensive ,  may be p r e f e r r e d  f o r  some uses .  

Both potassium c h l o r i d e  and potass ium s u l p h a t e  a r e  normally app l ied  i n  a mixture  

w i t h  o t h e r  n u t r i e n t s .  

IV.E.2 Sulphur F e r t i l i z e r s  

O f  t h e  secondary macronu t r i en t s ,  su lphur  is  the most important i n  

i n t e r n a t i o n a l  t r a d e ,  mainly because of i ts  u s e  i n  p rocess ing  o t h e r  n u t r i e n t s .  

Su lphur ic  a c i d  i s  used i n  t h e  product ion of phosphat ic  f e r t i l i z e r s ,  b u t  is  a l s o  

requ i red  i n  t h e  s y n t h e s i s  of ammonium s u l p h a t e  and potassium s u l p h a t e .  





1V.F Environmental Impact 

F e r t i l i z e r  i n d u s t r y  wastes  can a f f e c t  a i r ,  wa te r ,  and l and  resources  

of an environment. I n  t h i s  s e c t i o n ,  t h e  major waste  sources  and a p p l i c a b l e  

t r ea tment  t echn iques  f o r  n i t rogenous  and phosphat ic  f e r t i l i z e r  f a c i l i t i e s  

w i l l  be s h o r t l y  d i scussed .  A more d e t a i l e d  a n a l y s i s  can be found i n  t h e  

"Environmental Guidel ines" ,  The World Bank, O f f i c e  of Environmental A f f a i r s  

IV.F.l Phosphat ic  F e r t i l i z e r  F a c i l i t i e s  

The p r i n c i p a l  a i r  p o l l u t i o n  problem i n  phosphat ic  f e r t i l i z e r  p l a n t s  

is  f l u o r i d e  emiss ion,  f o r  which s t r i n g e n t  l i m i t a t i o n s  e x i s t .  Sulphur d i o x i d e  

(SO2) i s  an important  a i r  p o l l u t a n t  generated a t  t h e  s u l p h u r i c  a c i d  p l a n t s ,  

which a r e  u s u a l l y  p a r t  of phosphat ic  f e r t i l i z e r  complexes. Emissions of SO2 

can be  reduced by use  of t h e  "double-contact" p rocess  o r  ammonia scrubbing.  

Other gaseous contaminants i n c l u d e  c o n s i d e r a b l e  amounts of d u s t  generated a t  

t h e  g r ind ing  s t a g e  of phosphate rock,  and f l u o r i n e  (as  SiF ) which may evolve 4 

i n  t h e  a c i d u l a t i o n  p rocess  of phosphate rock.  Dust and obnoxious fumes r e s u l t  

from granu la r  and non-granular TSP production,  bu t  t h e s e  a r e  r e a d i l y  c o l l e c t e d  

and t r e a t e d .  

Wastewaters of l i m i t e d  volume a r e  generated i n  phosphate f e r t i l i z e r  

p l a n t s ,  and may i n c l u d e  water  t r ea tment  p l a n t  was tes ,  coo l ing  tower and b o i l e r  

blowdowns, make-up wate r ,  s p i l l s  and l e a k s ,  s u r f a c e  r u n o f f ,  and gypsum pond 

water .  Usual ly  a l l  water  which h a s  d i r e c t  c o n t a c t  w i t h  p rocess  gas  o r  l i q u i d  

s t reams is r e c i r c u l a t e d  and t h e r e  should be no d i s c h a r g e  of l i q u i d  e f f l u e n t s  

(o ther  than t h e  ra inwate r  r u n o f f )  from t h e s e  p l a n t s .  



I n  a d d i t i o n  t o  t h e  c o n s i d e r a b l e  amount o f  phospho-gypsum produced 

i n  t h e  phosphate f e r t i l i z e r  p l a n t s ,  s o l i d  m a t e r i a l s  may be found i n  s t o r a g e  

p i l e s ,  s e t t l e d  d u s t ,  and s i m i l a r  forms. 

IV.F.2 Nitrogenous F e r t i l i z e r  F a c i l i t i e s  

I n  p roduc t ion  of n i t r o g e n  f e r t i l i z e r s ,  no a i r  p o l l u t i o n  r e s u l t s  from I 
ammonia and u r e a  manufacture.  However, t h e  t a i l - g a s  vented from n i t r i c  a c i d  I 
p l a n t s  c o n t a i n s  n i t r o g e n  ox ides  (NO, NO2, and N 0 ) ,  which can be  harmful t o  

2 4 I 
p l a n t s ,  animals ,  and people ,  and can produce smog by photochemical r e a c t i o n  I 
i n  t h e  atmosphere. U.S. emiss ion s t a n d a r d s  f o r  n i t r o g e n  ox ides  a r e  100 I 
microgram per  cubic  meter, about one-tenth t h e  emiss ion r a t e  i n  p l a n t s  having I 
no p o l l u t i o n  abatment systems. Tail-gas can be  handled by extended a b s o r p t i o n  I 
o r  c a t a l y t i c  reduc t ion .  Overhead vapor r e s u l t i n g  from ammonium n i t r a t e  pro- I 
d u c t i o n  may l e a d  t o  an a i r  p o l l u t i o n  problem, b u t  i t  can be handled by cyclones  I 
o r  baghouses. 

Liquid  wastes  from t h e  n i t r o g e n  f e r t i l i z e r  i n d u s t r y  can o r i g i n a t e  from 

water t r ea tment  p l a n t  wastes ,  c o o l i n g  tower and b o i l e r  blowdowns, compressor 

blowdown, p r o c e s s  condensates ,  and s p i l l s  o r  l e a k s .  E f f e c t i v e  methods us ing  

a i r  o r  steam a r e  a p p l i e d  f o r  removing ammonia from process  condensates  and 

blowdowns a t  ammonia, u r e a ,  and ammonium n i t r a t e  p l a n t s .  B i o l o g i c a l  methods and 

i o n  exchange u n i t s  a r e  a l s o  used t o  remove ammonia and n i t r a t e s  from waste  

waters .  A t  u rea  p l a n t s ,  h y d r o l y s i s  is used t o  remove u r e a  from waste  s t reams.  



1V.G Seaborne F e r t i l i z e r  Transpor t  

Only t h e  primary n u t r i e n t s  ( n i t r o g e n ,  phosphorus, and potassium) 

a r e  of major importance i n  i n t e r n a t i o n a l  t r a d e .  Among t h e  secondary n u t r i e n t s ,  

sulphur  i s  t h e  most t r aded  one, mainly because of i t s  use  i n  p rocess ing  o t h e r  

n u t r i e n t s .  Calcium and magnesium a r e  normal ly  a v a i l a b l e  i n  l o c a l  l iming  

m a t e r i a l s  such a s  ground l imes tone  and dolomite ,  and t h e r e f o r e  t h e i r  t r a d e  i s  

i n s i g n i f i c a n t .  The world 's  product ion and e x p o r t s  of f e r t i l i z e r  raw m a t e r i a l s  

and p roduc t s  i n  1982 a r e  shown i n  Table  1V.G-1. It should be n o t i c e d  t h a t  

on ly  50% of t h e  world sulphur  and s u l p h u r i c  a c i d  product ion i s  used by t h e  

f e r t i l i z e r  i n d u s t r y ,  whi le  t h e  r e s t  i s  r e l a t e d  t o  e n t i r e l y  d i f f e r e n t  i n d u s t r i e s .  

The i n t e r n a t i o n a l  t r a d e  of f e r t i l i z e r  raw m a t e r i a l s  and p roduc t s  

depends on t h e  l o c a t i o n  and degree  of i n t e g r a t i o n  of t h e  f e r t i l i z e r  i n d u s t r y ,  

which are determined mainly by product ion and t r a n s p o r t  economics. The 

Zollowing f a c t o r s  a r e  r e s p o n s i b l e  f o r  t h e  geograph ica l  d i s t r i b u t i o n  of t h e  

f e r t i l i z e r  i n d u s t r y  today: 

- Minimization of t r a n s i t  d i s t a n c e s  f a v o r s  i n t e g r a t e d  product ion 

from raw m a t e r i a l s  t o  f i n i s h e d  p roduc t s  on a  s i n g l e  s i t e  l o c a t e d  

c l o s e  t o  e i t h e r  raw m a t e r i a l  r e s o u r c e s  o r  markets.  

- Minimization of shipments f a v o r s  t h e  product ion of f e r t i l i z e r s  a t  t h e  

s i t e  of t h e  most bulky raw m a t e r i a l  e s p e c i a l l y  phosphate rock  o r  

ammonia. 

- The u s e  of t h e  same raw m a t e r i a l s  and equipment f o r  t h e  product ion 

of s e v e r a l  d i f f e r e n t  p roduc t s  f a v o r s  t h e  p roduc t ion  a t  a s i n g l e  p l a n t .  

For example, SSP, TSP, MAP and DM a r e  o f t e n  produced a l l  a t  t h e  

same i n t e g r a t e d  phosphate complexes. The same a p p l i e s  f o r  c a s e s  



TABLE 1 V . G - 1  

WORLD PRODUCTION AND EXPORTS OF FERTILIZER PRODUCTS, 1 9 8 2  
(' 000 m e t r i c  t o n n e s )  

PRODUCT GROUP PRODUCT PRODUCTION EXPORT X EXPORT 

RAW MATERIALS AND INTERMEDIATES 

Sulphur  Br imstone 

Su lphur i  c  A c i d  

l NITROGEN Ammonia 93,570 6,860 7.3 

PHOSPHATE Phosphate Rock 121,850 43,430 

Phosphor ic  Ac id  36,400 5,430 

POTASH Potash S a l t s  45,880 26,340 57.4 - 
459,440 99,850 21.7 

1 FINISHED FERTILISERS 

NITROGEN+ Urea 42,190 11,900 

Ammonium N i t  r a t e  39,850 5,220 

Ammonium Sulphate 13,590 4,220 

PHOSPHATE+ Superphosphate 32,680 

T r i p l e  Superphosphate 8,600 

MAP/DAP 

Other 

NPK 

+ N i t r o g e n  and phosphate s t r a i g h t  f e r t i  l i s e r  f i g u r e s  exc lude s i n g l e  n u t r i e n t  f e r t i  l i s e r s  o t h e r  
than  spec i f i ed ,  which a re  m a i n l y  u n s p e c i f i e d  USSR and Chinese p roduc ts  and USA anhydrous 
ammonia. They ma in ly  do n o t  e n t e r  i n t e r n a t i o n a l  t rade .  

* Est imates o f  compound f e r t i l i s e r  p roduc t ions  a re  based on an assumed average o f  65% NPK 
r a t i n g .  The t o t a l  n u t r i e n t  content  o f  compound f e r t i  l i s e r  i s  N - 11,370 tonnes, P2O.j - 18,370 
tonnes, K20 - 9,380. 

S o u r c e :  H.P. Drewry L t d . ,  "The O r g a n i s a t i o n  a n d  S t r u c t u r e  o f  the Deep-Sea 
F e r t i l i s e r  T r a d e s " ,  1984 .  



where by-products from one p r o c e s s  a r e  used i n  ano ther  product ion 

process .  For example, u rea  and ammonia p l a n t s  a r e  u s u a l l y  l o c a t e d  

on t h e  same s i t e ,  s i n c e  CO i s  a by-product of ammonia s y n t h e s i s  and 2 

a raw m a t e r i a l  f o r  u rea  product ion.  

- The encountered economies of s c a l e  favor  p roduc t ion  i n  l a r g e  u n i t s ,  

e s p e c i a l l y  i n  c a s e s  of e x i s t i n g ,  p a r t l y  o r  f u l l y  amortized p l a n t s .  

- Other f a c t o r s  such a s  ea rn ing  of f o r e i g n  exchange, d e s i r e  f o r  s e l f -  

s u f f i c i e n c y ,  and e x p l o i t a t i o n  of n a t i o n a l  r e s o u r c e s  may p l a y  an 

important  r o l e  i n  . l o c a t i n g  f e r t i l i z e r  i n d u s t r i e s ,  e s p e c i a l l y  i n  

developing c o u n t r i e s .  

The fo l lowing  s e c t i o n s  w i l l  d i s c u s s  t h e  t y p e s  and s i z e s  of s h i p s  used 

i n  seaborne f e r t i l i z e r  t r a d e .  I n  g e n e r a l ,  'tweendeckers of 10,000-18,000 dwt , 

and "handy-sized" bu lk  c a r r i e r s  of 15,000-40,000 dwt and o c c a s i o n a l l y  up t o  

11 panamax" s i z e  (50,000-80,000 dwt) are used t o  t r a n s p o r t  d r y  f e r t i l i z e r  m a t e r i a l s .  

Spec ia l i zed  a c i d ,  gas ,  o r  molten c a r r i e r s  a r e  used f o r  shipments of phosphoric 

and s u l p h u r i c  a c i d ,  ammonia, and molten sulphur  r e s p e c t i v e l y .  

Almost any bu lk  c a r r i e r  can be employed i n  t h e  t r a d e  of d r y  f e r t i l i z e r  

m a t e r i a l s ,  a s  t h e  on ly  c o n s t r a i n t s  a r e  t h a t  t h e  cargo should be kept  d r y  and t h a t  

t h e  s h i p  should be  equipped w i t h  cargo handl ing d e v i c e s  i n  t h e  c a s e s  of inadequa te  

shore-based f a c i l i t i e s .  However, t h e r e  a r e  o t h e r  p h y s i c a l  and economic f a c t o r s  

which determine t h e  s h i p  s e l e c t i o n ,  such a s :  

- P h y s i c a l  form of cargo:  f o r  a v a r i e t y  of reasons  many f e r t i l i z e r s  

a r e  shipped i n  bags. This  l e a d s  t o  t h e  employment of smal le r  b reak  

bu lk  ' tweendeckers,  s i n c e  t h e  stowage of bags i n  v e s s e l s  w i t h  decks 

i s  e a s i e r .  



- S i z e  o f  shipments: t h e  sh ipp ing  requirement  of r e l a t i v e l y  smal l  

volumes of many, d i f f e r e n t  raw m a t e r i a l s  and f i n i s h e d  p roduc t s  

( r e f e r  t o  Table  1V.H-5), t h e  need f o r  s t o r a g e ,  and t h e  amount of 
I 

c a p i t a l  t i e d  up i n  s t o c k s  j u s t i f y  f o r  t h e  use  of smal l  v e s s e l s ,  except 

i n  t h e  c a s e  of a few h igh  volume t r a d e  r o u t e s .  Lot s i z e s  of much 

l e s s  than 15,000 tonnes  l e a v e  very  l i t t l e  cho ice ,  a s  on ly  ' tweendeckers 

a r e  a v a i l a b l e  a t  ve ry  low c a p a c i t i e s .  

- P o r t  f a c i l i t i e s :  d r a f t  and loading/unloading r a t e s  ( r e f e r  t o  

Table 1V.H-6) possess  important  p h y s i c a l  l i m i t a t i o n s  on t h e  s i z e  

of v e s s e l s  used. 

- Voyage l e n g t h :  long d i s t a n c e s  a l l o w  s h i p p e r s  t o  t a k e  advantage of 

economies of s c a l e  i n  b u l k  sh ipp ing ,  w h i l e  t h e  u s e  of smal le r  s h i p s  

is  more economical on s h o r t  hau l  r o u t e s .  

- Backhaul o p p o r t u n i t i e s :  smal le r  break bu lk  s h i p s  have more poss i -  

b i l i t i e s  of backhauling o t h e r ,  u s u a l l y  "general" ca rgoes ,  a f a c t  

which l i m i t s  o r  e l i m i n a t e s  t h e  c o s t s  of b a l l a s t i n g .  

I V . G . l  Phosphate F e r t i l i z e r s  

Although t h e  wor ld ' s  n u t r i e n t  requirements  of e lementa l  phosphorus 

a r e  f a r  l e s s  than  t h o s e  of n i t r o g e n ,  phosphate i s  t h e  major f e r t i l i z e r  type  i n  

i n t e r n a t i o n a l  t r a d e .  The reasons  a r e  f i r s t l y  t h a t  phosphate is  shipped i n  

forms w i t h  a low n u t r i e n t  c o n t e n t ,  which l e a d s  t o  h i g h  volumes of m a t e r i a l  

t r a n s p o r t e d ,  and secondly t h a t  t h e  worldwide d i s t r i b u t i o n  of phosphate d e p o s i t s  

i s  more uneven than  t h e  hydrocarbons used i n  ammonia product ion.  



I V . G . l . l  Phosphate Rock 

Four c o u n t r i e s ,  t h e  U.S., U.S.S.R., Morocco, and China account f o r  

almost 80% of world commercial phosphate o r e  product ion.  I n  1982, 35.6% of a l l  

phosphate rock  produced was t raded  i n t e r n a t i o n a l l y ,  and over  90% of t h i s  

t r a d e  was t r a n s p o r t e d  by sea .  The seaborne t r a d e  volume of 40 m i l l i o n  m e t r i c  

t o n s  i n  1982 ranked phosphate rock  f o u r t h  among t h e  major d r y  bu lk  commodities. 

Phosphate rock  a s  mined c o n t a i n s  between 5-10% of e lementa l  phosphorus, 

bu t  t h i s  is  u s u a l l y  r a i s e d  (by b e n e f i c a t i o n  p rocesses  a t  mine) t o  about  14%, 

g iv ing  a n u t r i e n t  r a t i n g  of 0.32.0. 

Phosphate rock  i s  commonly shipped a s  bu lk  ca rgo ,  and may e i t h e r  be 

i n  bu lk  c a r r i e r s ,  o r  i n  multi-decked conven t iona l  cargo v e s s e l s  a s  "bottom 

cargo". Spec ia l i zed  v e s s e l s  a r e  n o t  r e q u i r e d ,  a l though  some s h i p s  i n c o r p o r a t e  

conveyor-fed un loaders  t o  speed d i s c h a r g i n g  o p e r a t i o n s .  The s i z e  d i s t r i b u t i o n  

of s h i p s  t r a n s p o r t i n g  phosphate rock  i s  shown i n  Table 1V.G-2. Small s h i p s ,  

those  of l e s s  than 20,000 dwt, handle  a much higher  p ropor t ion  of t o t a l  tonnage 

than  i n  t h e  o t h e r  major bu lk  t r a d e s .  About 35 p e r c e n t  of t h e  seaborne t r a d e  

i n  phosphate rock  is c a r r i e d  i n  v e s s e l s  of l e s s  t h a n  18,000 dwt, which a r e  

predominantly ' tweendeckers. R e l a t i v e l y  s h o r t  sh ipp ing  d i s t a n c e s  and d r a f t  

l i m i t a t i o n s ,  p a r t i c u l a r l y  i n  Af r ican  and Middle Eas t  load ing  p o r t s ,  have con- 

t r i b u t e d  t o  t h e  cont inued u s e  of t h e s e  smal le r  s h i p s  by many importers .  Larger 

s h i p s ,  i n  t h e  40-60,000 and over  60,000 dwt ranges ,  account  f o r  a growing s h a r e  

of t o t a l  shipments ( r e f e r  t o  Table 1V.G-2). Vesse l s  of say  50,000 dwt and 

above ( l a r g e r  than those  i n d i c a t e d  i n  ~ a l s l e  1V.H-5) a r e  on t ime c h a r t e r  on 

some o f  t h e  t r a n s a t l a n t i c  t r a d e s .  



Source  o f  d a t a :  H.P. Drewry Ltd. ,  "Outlook f o r  Phosphate  Shipping and Trade", 
1982; and F e a r n l e y s ,  "World Bulk Trades", 1983. 



I n  t h e  U.S. domestic t r a d e s ,  l a r g e ,  se l f -unloading barges  a r e  used 

t o  move phosphate rock from F l o r i d a  t o  f e r t i l i z e r  manufacturing p l a n t s  on t h e  

lower M i s s i s s i p p i  ( r e f e r  t o  Table 1V.G-3). 

IV.G.1.2 Phosphoric Acid 

Phosphoric a c i d  has  i n c r e a s i n g l y  become a commodity i n  i n t e r n a t i o n a l  

t r a d e .  The volume of seaborne t r a d e  i n  1982 was 4.68 m i l l i o n  m e t r i c  tonnes.  

The normal grade of phosphoric a c i d  produced c o n t a i n s  54% P205. Imports of 

phosphoric a c i d  a r e  most ly  used t o  meet a temporary s h o r t f a l l  i n  a c i d  product ion.  

However, t h e r e  a r e . f e r t i l i z e r  p rocess  f a c i l i t i e s ,  s p e c i f i c a l l y  designed t o  use  

t h e  imported m a t e r i a l .  

Phosphoric a c i d  is c a r r i e d  in bu lk  by a l i m i t e d  f l e e t  of ded ica ted  

t a n k e r s ,  which have mild s t e e l  t a n k s  l i n e d  w i t h  rubber  due t o  product  c o r r o s i v i t y .  

These v e s s e l s  a r e  t o t a l l y  r e s t r i c t e d  t o  t h i s  t r a d e ,  and t h e i r  c a p a c i t y  v a r i e s  

between 5,000 and 25,000 dwt. I n  a d d i t i o n ,  phosphoric a c i d  can be c a r r i e d  i n  

t h e  s t a i n l e s s  s t e e l  c a p a c i t y  of t h e  p a r c e l  t anker  f l e e t .  The s i z e s  of t h e s e  

s h i p s  va ry  from 11,000 t o  30,000 dwt. To promote development of t r a d e  i n  

phosphoric a c i d ,  North Af r ican  producers  (Morocco and Tunis ia )  have inves ted  

i n  t h e i r  own shipping c a p a c i t i e s  t o  d e l i v e r  a c i d  expor t s .  

IV.G.1.3 F in i shed  Phosphate Products  

The most important  phosphate f e r t i l i z e r s  i n  t h e  i n t e r n a t i o n a l  t r a d e  are: 

Ana lys i s  

S t r a i g h t  

S i n g l e  superphosphate (SSP) 0.18.0 

T r i p l e  superphosphate (TSP) 0.45.0 



Name: E r o l  B e c k e r  ( b a r . g e ) ,  A p r i l  J .  B e c k e r  ( t u g )  

Owner: B e c k e r  S h i p p i n g  Co. (USA) 

Year  o f  B u i l d :  1952  

Barge  c h a r a c t e r i s t i c s :  

l e n g t h ,  OA 610  f t .  

be  am 78 f t .  

d e p t h ,  molded 5 1  f t ,  

d e s i g n  d r a f t  36  f t .  

d e a d w e i g h t  4 2 , 0 0 0  t o n s  

Tug c h a r a c t e r i s t i c s :  

l e n g t h  1 4 5  f t .  

beam 42 f t .  

d e p t h  2 1  f t .  

g r o s s  t o n s  197 

t o t a l  h o r s e -  
power 7 , 2 0 0  

crew ,. 8 

D i s c h a r g e  rate:  4000 s h o r t  t o n s  o f  p h o s p h a t e  r o c k  p e r  

h o u r  

U n l o a d i n g  s y s t e m :  A c e n t e r l i n e  c o n v e y o r  r u n s  t h e  e n t i r e  

l e n g t h  o f  t h e  c a r g o  h o l d  ( 4 9 5  f t . )  and d e l i v e r s  c a r g o  

t o  a h o p  b e l t  c o n v e y o r ,  which  c o n s i s t s  o f  a  d o u b l e  

s e t  o f  c o n v e y o r  b e l t s  p r e s s e d  t o g e t h e r  u n d e r  t e n s i o n  

by r o l l e r s  t h a t  s a n d w i c h  t h e  r o c k .  The l o o p  b e l t  

c o n v e y o r  e l e v a t e s  t h e  c a r g o  t o  a  1 0 5  f t .  boom 

c o n v e y o r  f o r  d i s c h a r g e  o f f  t h e  v e s s e l .  

A s e l f - p r o p e l l e d  h a t c h  c o v e r  g a n t r y  c r a n e  

moves t h e  e n t i r e  l e n g t h  o f  t h e  b a r g e  a n d  l i f t s 1  

s t a c k s  t h e  1 4  h a t c h  c o v e r s .  

Note :  T h i s  b a r g e  is o n e  o f  t h e  l a r g e s t  p h o s p h a t e  c a r r i e r s  

c u r r e n t l y  i n  u s e .  

Source: Marine Engineering Log, January 1983. 
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Ana lys i s  

M u l t i n u t r i e n t  NP 

Monoammonium phosphate (MAP) 11.55.0 

Diammonium phosphate (DAP) 18.46.0 

The ammonium phosphates a r e  most commonly t r a d e d ,  a s  they have h igher  n u t r i e n t  

con ten t  and hence lower t r a n s p o r t a t i o n  c o s t s  per  u n i t  of value .  I n  1982, 

5 m i l l i o n  m e t r i c  tonnes  of MAPIDAP were shipped,  whi le  t h e  volume of SSP/TSP 

w a s  only  3.03 m i l l i o n  m t .  V i r t u a l l y  t h e  e n t i r e  s t r a i g h t  phosphate product  

which e n t e r s  i n t e r n a t i o n a l  t r a d e  c o n s i s t s  of TSP. 

A l l  t h e  above products  can be shipped i n  bu lk  o r  i n  bags ,  t h e  former 

being t h e  most common. The s i z e  of v e s s e l s  t r a n s p o r t i n g  phosphate f e r t i l i z e r s  

v a r i e s  h i g h l y  depending on t h e  d i s t a n c e  and volume of t h e  shipments.  While t h e  

U.S. e x p o r t s  t o  China a r e  served by s h i p s  w e l l  above 50,000 dwt, i n  t h e  U.S. - 

South America t r a d e  t h e  average l o t  s i z e  is about 10,000 dwct. 

I V . G . 2  Nitrogen F e r t i l i z e r s  

The main commodities i n  i n t e r n a t i o n a l  t r a d e  a s s o c i a t e d  w i t h  t h e  pro- 

duc t ion  of n i t r o g e n  f e r t i l i z e r s  a r e :  

In te rmedia te  products  

h o n i a  

Finished products  

Urea 

Ammonium N i t r a t e  

Ammonium Sulphate  

Ana lys i s  

82.0.0 
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Ammonia p l a n t s  a r e  a lmost  always l o c a t e d  e i t h e r  c l o s e  t o  cheap source  of 

feeds tock ,  o r  c l o s e  t o  major markets where n a t u r a l  gas  i s  commonly p i p e l i n e  

fed (over 80% of s y n t h e t i c  ammonia i s  produced from n a t u r a l  g a s ) ,  and the re -  

f o r e  no raw m a t e r i a l  shipments f o r  n i t r o g e n  f e r t i l i z e r  p l a n t s  a r e  requ i red .  

IV.G.2.1 Ammonia 

The h igh  c o r r o s i v i t y  of ammonia a long w i t h  t h e  requirement f o r  low 

temperature  o r  h i g h  p r e s s u r e ,  i f  i t  is  t o  b e  c a r r i e d  a s  a l i q u i d ,  coun te r  balance 

t h e  advantage of t h e  h i g h  e lementa l  con ten t  (82%) of t h i s  product .  T o t a l  world 

i n t e r n a t i o n a l  t r a d e  i n  anhydrous ammonia amounted t o  4.81 m i l l i o n  m e t r i c  tonnes 

i n  1982. This  t r a d e  r e s u l t s  mainly from a s h o r t - f a l l  i n  i t s  s y n t h e s i s  c a p a c i t y  

on t h e  s i t e  of f e r t i l i z e r  p rocess ing .  However, t h e  r e c e n t  low ammonia p r i c i n g  

i n  some c a s e s  h a s  favored t h e  imports  r a t h e r  than  investments  i n  expensive  

ammonia s y n t h e s i s  f a c i l i t i e s .  

The ammonia t r a d e  i s  s e r v i c e d  by a worldwide network of marit ime 

ammonia t e r m i n a l s  w i t h  s t o r a g e  c a p a c i t i e s  ranging from a few hundred tons  t o  

over 100 thousand t o n s ,  and a f l e e t  of s p e c i a l i z e d  ocean-going v e s s e l s  and 

i n l a n d  waterway barges .  

Vessels u t i l i z e d  i n  deepsea o r  c o a s t a l  shipments of ammonia have wel l -  

i n s u l a t e d  t a n k s  o r  h o l d s  t o  c o n t a i n  l i q u i d  ammonia a t  s l i g h t l y  above atmospheric 

0 p r e s s u r e  and a corresponding temperature  o f  -33 C. These s h i p s  have r e f r i g e r a t i o n  

f a c i l i t i e s  s i m i l a r  t o  those  used f o r  onshore s t o r a g e  t anks  and a l s o  a r e  

equipped w i t h  high-capaci ty  pumps t o  ensure  r a p i d  ca rgo  d i scharge .  

Vesse l s  capable  of t r a n s p o r t i n g  ammonia a r e  designed t o  accep t  low 

temperature  l i q u e f i e d  petroleum gases  (LPG) a s  w e l l ,  a t  minimum temperatures  

ranging from - 3 4 ' ~  t o  -48'~. Dedicated LPG c a r r i e r s  cannot be used f o r  ammonia 



shi'pments because of ammonia c o r r o s i v i t y ,  u n l e s s  i f  t h e i r  t anks  a r e  cons t ruc ted  

of s p e c i a l  metals .  Liquid gas  c a r r i e r s  range i n  c a p a c i t y  from 2,000 t o  50,000 

cub ic  mete r s ,  t h e  m a j o r i t y  being l e s s  t h a n  20,000 dwt (30,000 cu m). 

To minimize p o r t  t ime, s h i p s  must be loaded o r  unloaded r a p i d l y  and 

w i t h  minimum v a p o r i z a t i o n  of r e f r i g e r a t e d  ammonia. This  r e q u i r e s ,  i n  a d d i t i o n  

t o  l a r g e  pumping c a p a c i t y ,  l a r g e  diameter  cryogenic  p i p e l i n e s  s u i t a b l e  f o r  

t r a n s p o r t  of ammonia between s h i p  and t e rmina l .  The h i g h  per-meter c o s t  of t h e s e  

p i p e l i n e s  normally r e q u i r e s  s h o r t  d i s t a n c e s  between s t o r a g e  t anks  and b e r t h s .  

Terminal s i z e  depends mainly on t h e  c a p a c i t y  of s h i p s  s e r v i n g  it.  

Capacity i s  u s u a l l y  25-50% g r e a t e r  than t h e  average shipment s i z e ,  t o  a l low - 

f o r  f l e x i b i l i t y  i n  schedu l ing  and t o  provide a b u f f e r  f o r  de lays  due t o  s to rms ,  

s t r i k e s ,  e t c .  

Barge shipment of anhydrous ammonia i s  e x t e n s i v e l y  used i n  Europe and 

t h e  United S t a t e s ,  where i n l a n d  and c o a s t a l  waterways t r a n s p o r t a t i o n  i s  found t o  

be economical compared t o  o t h e r  modes. European i n l a n d  waterways a r e  o f t e n  

narrow and/or  shal low,  and b e t t e r  s u i t e d  t o  s i n g l e ,  s e l f - p r o p e l l e d  barges ,  whi le  

i n  t h e  U.S. towed barges  fas tened  i n  groups of 6 o r  8 a r e  t y p i c a l  on t h e  

M i s s i s s i p p i  River and Gulf c o a s t a l  waterways. The barges  a r e  u s u a l l y  f u l l y  

r e f r i g e r a t e d  and have c a p a c i t i e s  i n  t h e  range of 1500 t o  2500 tons  depending on 

d r a f t  r e s t r i c t i o n s .  A t y p i c a l  t e r m i n a l  served by barges  h a s  60,000 tons  of 

ammonia s t o r a g e  c a p a c i t y  i n  two 30,000-ton t anks .  

IV.G.2.2 Finished Nitrogenous Products  

The seaborne e x p o r t s  of n i t rogenous  f e r t i l i z e r s  amounted t o  15.42 m i l l i o n  

m t  i n  1982. 



Urea i s  t h e  most popular  product  of t h i s  type ,  w i t h  a n u t r i e n t  

r a t i n g  of 46.0.0, which is t h e  h i g h e s t  a n a l y s i s  among n i t rogenous  f e r t i l i z e r s .  

It may be shipped e i t h e r  i n  b u l k  o r  i n  bags. Bulk u r e a  i s  coated t o  prevent  

caking,  w h i l e  bagged u rea  i s  u s u a l l y  moved i n  tough woven polypropylene sacks  

w i t h  polythene l i n e r s  and can b e  s t o r e d  i n  t h e  open wi thout  l o s s  o r  d e t e r i o r a t i o n .  

Urea i s  most ly  t r a n s p o r t e d  i n  ' tweendeckers and r a r e l y  i n  s h i p s  over 20,000 dwt. 

Ammonium n i t r a t e ,  ammonium s u l p h a t e ,  and t h e  compound f e r t i l i z e r s  a r e  

o f t e n  moved i n  bags and i n  ' tweendeckers,  t h e  shipments being i n  ve ry  smal l  

l o t  s i z e s .  

I V . G . 3  Po tash  

Po tash  is an  important  element i n  t h e  t o t a l  seaborne t r a d e  i n  f e r t i l i z e r  

m a t e r i a l s ,  account ing f o r  12.02 m i l l i o n  m t  i n  1982. The h igh  volume of potash 

t r a d e  can be exp la ined  by t h e  fo l lowing  reasons :  

- The worldwide d i s t r i b u t i o n  o f  p o t a s h  r e s e r v e s  a r e  extremely 

uneven, a s  v i r t u a l l y  t h e  e n t i r e  world supply emanates from North 

America, Europe, and t h e  U.S.S.R. 

- Benef icated p o t a s h  can be a p p l i e d  d i r e c t l y  t o  t h e  s o i l .  

- T o t a l  requirements  f o r  p o t a s h  a r e  much smal le r  than f o r  t h e  o t h e r  

primary n u t r i e n t s ,  and hence when i t  i s  incorpora ted  i n  mul t i -  

n u t r i e n t  f e r t i l i z e r s ,  i t  i s  po tash  t h e  raw m a t e r i a l  which i s  

t r a n s p o r t e d  t o  t h e  f e r t i l i z e r  p l a n t s ,  u s u a l l y  l o c a t e d  c l o s e  t o  

sources  of more bulky raw m a t e r i a l s .  



Potash  i s  shipped bagged o r  i n  bulk.  The l a r g e s t  e x p o r t e r  of po tash  

is  Canada, a  q u a r t e r  of such shipments being i n  Panamax s h i p s  f o r  long h a u l s ,  

e.g. t o  China o r  B r a z i l .  General ly ,  however, bu lk  shipments a r e  i n  smal le r  

v e s s e l s  of 7 t o  25,000 dwt. 

I V .  G. 4 Brimstone and Sulphur i c  Acid 

The t o t a l  seaborne brimstone t r a d e  accounted f o r  10.33 m i l l i o n  m t  i n  

1983, from which 1.99 m i l l i o n  m t  was i n  molten form (Frasch d e r i v e d ) .  The 

remainder was i n  g r a n u l a r  form (recovered from sour  n a t u r a l  gas  o r  pet roleum).  

Since  f e r t i l i z e r  p l a n t s  us ing  s u l p h u r i c  a c i d  u s u a l l y  have an  a s s o c i a t e d  

s u l p h u r i c  a c i d  f a c i l i t y ,  t h i s  product  i s  normally r e q u i r e d  t o  meet temporary 

s h o r t f a l l s  i n  p rocess  c a p a c i t y ,  u s u a l l y  occ-urring dur ing  an  expansion phase i n  

t h e  f e r t i l i z e r  i n d u s t r y .  The seaborne s u l p h u r i c  a c i d  t r a d e  i n  1982 was of 

1.72 m i l l i o n  m t .  Only 50% of t h e  br imstone and s u l p h u r i c  a c i d  t r aded  volume 

i s  used by t h e  f e r t i l i z e r  i n d u s t r y .  

Molten sulphur  i s  shipped i n  ded ica ted  t a n k e r s  w i t h  h e a t i n g  c o i l s  and 

0 
i n s u l a t i o n  i n  o r d e r  t o  keep temperature  i n  t h e  range 135 C - 15%'~ .  There i s  a  

f l e e t  o f  about twenty ocean-going molten su lphur  c a r r i e r s  w i t h  c a p a c i t i e s  

varying between 750 and 29,000 dwt. 

High-grade chemical  t a n k e r s  a r e  r e q u i r e d  f o r  t h e  shipments of s u l p h u r i c  

a c i d ,  a s  t h i s  subs tance  is  h i g h l y  c o r r o s i v e .  The s i z e s  of s h i p s  used i n  t h i s  

l i m i t e d  t r a d e  a r e  between 5,000 and 20,000 dwt. 
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TABLE 1V.H-1 

WORLD PRODUCTION OF PHOSPHATE ROCK ( tonnes)  

Country 

France 

Finland 
Sovlet Union 
Sweden 
Turkey 

Algeria 
EWP~ 
Morocco 
Senegal 

Phosphate rock 
Aluminium phosphate la1 

Seychelles 
Guano Ibt 

South Africa 
Togo 
Tunisia 
Zimbabwe 

Mexico 
Netherlands Ant~l lw 
USA 

Brazil 
Chile 

Guano 
Cdombie 
Vamzuda 

China 
Chrinmas Island Iblicl 
India 
Indonesia 
I& 
Jordan 
Korea. Dem. P.R. of 
Philtpplnw 

Phosphate rock 
Guano 

Svr~a 
Thailand 
Viemam 

Australia 
Banaba ibl 
Nauru Ib) 

World total 

(at Including lime phosphates 
(bJ Exports 
lct Including phosphate dust 
Id) Figure is for 11 months only; mlning ceased In November 1979 

* Estimated 

"World Mineral  Source: B r i t i s h  Geological  Survey, 
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TABLE 1V.H-2 

EXPORTS OF PHOSPKATE ROCK ( t o n n e s )  

Country 1978 

Eelglum-Luxembourg 
France 
Germany. Federal Republlc of 
Netherlands 

Sovlet Union Ic) 
Sweden 

Algeria 
Egypt 
Morocco 
Senegal 

Calc~um phosohate 
Aluminium phosphate 

Seychelle3 
Guano 

South Africa 
Tog0 
Tunisia 
Western Sahara 

Natherlandt Annlles 
USA 

Christmas Island ial  
Israel ib l  
Jordan 
Singapore 

of which: Rbaxpons 
Svrta 

Australia 
Eanaba 
Nauru 
- 
la1 lncludtng phosphate dust 
~ b l  Figures may be incomplete as value only glven In Israel1 trade return for ex- 

pons to some countries 

ICJ lncludlng apatlta ore 

* Es t ima ted .  
... F i g u r e s  n o t  a v a i l a b l e .  

- N i l .  

Source:  B r i t i s h  G e o l o g i c a l  Survey,  "World Mine ra l  S t a t i s t i c s " ,  1984. 



TABLE 1V.H-3 

WORLD PRODUCTION OF POTASH 
(tonnes of K 0  content)  2 

- - 
Country 

Unned Kingdom 
Chlonde 

France 
Potasstc salts 

Germany, Federal Republic of 
Potasslc salts 

Italy 
Potasslc salts 

German Democratlc Republlc 
Potasslc salts 

Sov~et Unton 
S w n  

Potass~c salts 

Canada 
Chlonde 

USA 
Potass1c salts 

Chlle 
Nmate 

Chlna 
Israel 

Chlor~de 

World total 

* Estimated 

Source: B r i t i s h  Geological Survey, "World Mineral S t a t i s t i c s " ,  1984. 



TABLE 1V.H-4 

EXPORTS OF POTASH (tonnes) 

Countrv 

Un~ted Klngdorn 
Sulphate 
Chlor~de 
Potasslc chernlcals 

Belg~um-Luxembourg 
Fertlllser salts la1 
Sulphate la1 
Chlorlde la1 
Potassic chernlcals 

France 
Fert~liser salts 
Chlorlde 
Other potaurc fertlllsers 
Potass~c chemicals 

Germany. Federal Republic of 
Fenrl~ser salts 
Sulphate 
Chlorrde 
Potasslc chemicals 

Italy 
Sulphate 
Potaulc chemlcals 

Netherlands 
Chlor~de la1 
Potaurc chemcals 

German Democrat~c Reoubllc 
Fenlllser salts la1 
Potawc chernlcals 

Poland 
Potasslc chem~cals 

Ponugal 
Sulphare 
Other potaulc fenlllsers 

Sov~et Un~on 
Femltser salts 

Spain 
Sulphate 
Chlorlde 
Potass~c chernlcals 

Sweden 
Chlor~de 
Potassic chern~cals 

Y ugoslav~a 
Potawc chernlcals 

Canada 
Chlor~de 

USA 
Sulphate 
Chlor~de 
Other pofasso femllsers 
Potawc chernlcals 

Hong Kong 
Potasuc chem~cab (Re-expans) 

lndla 
Porass~c chernlcals ICJ 

Israel Ibl 
Potau~c chemlcals 

Japan 
Sulphate 
Chlorlde 
Potau~c chernlcals 
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TABLE 1V.H-4 (Cont ' d l  

Country 1978 1979 1980 1981 1982 

S~ngapore 
Sulphate 524 468 737 2005  

of w h c h  Re-expoRs 524 468 737 1 979 
Chlonde 2 413 2 349 4 553 5 354 

of whlch: Re-exports 2406 2098 3 852 5054  
Other potassic fen~llsers 203 616 231 WO 185 837 261 224 182 649 

of whlch: Re-expons 203490 231 172 185 736 261 090 182 5 3  
Taiwan 

Potassic chem~cals 1 110 1082 1 172 685 516 

Note' So far as porrlble the term potasslc chemlcals', as used In this table. 
relates to Items 522 54.523 1 and 2 of the Standard lnternatlonal Trade 
Clarsd~cat~on (Revlslon 21 and Includes caustlc potash, carbonate, chlorate. 
nltrate and sulphare 

la1 K,O content 
Ibl Ftgures mav be ~ncomplete as value only glven In Israel~ trade return for ex- 

porn to some countries 
(cl Years ended 31 March followlog that stated 

* Es t ima ted .  ... F i g u r e s  n o t  a v a i l a b l e .  
- N i l .  

Source:  B r i t i s h  G e o l o g i c a l  Survey,  "World M i n e r a l  S t a t i s t i c s " ,  1984. 
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TABLE 1V.H-6 

FACILITIES AT FERTILIZER LOADING PORTS 

M X 
DRAFT 
(FEET) 

MX SIZE 
SHIP 
(OUT) 

ACTUAL AVERAGE 
LOADING RATES (from Spot F i x tu res )  
(Tonnes/Day). ( = Est imate 

PHOSWATE ROCK 

A lge r i a  

Annaba - 
I n d i a n  Ocean 

Christmas I s l a n d  

I s r a e l  

Ashdod 

Jordan 

Aaaba 

Morocco 

Casablanca 
Saf i 

Nauru I s l a n d  

Senega 1 

Dakar 

South A f r i c a  

Richards Bay 

* 
Tartous 

* 
Kpcme 

Tunis ia  

Sfax 
LI ~ o u l e t t e  

USA - 
Jacksonv i l l e  
Morehead C i t y  
Tampa 

USSR - 
Murmansk 

POTASH 

33 

35 

M 

50 

32 
30 

No L im i t  

36 

55 

35 

38 

33 
32 

38 
40 
34 

39 

Belgium 

Antuerp 

Canada - 
S t .  John 
vancouver 

Germany (East) 

Yismar 

30,000 

35,000 

40,WO 

100,WO 

50,000 
25,000 

35,000 

38,000 

165,000 

35,WO 

45,WO 

30,000 
30,000 

56,000 
40,000 
35,000 

4,500 

(8,000) 

1,800 

3,500 

(8,000) 
(3,000) 

5,000 

(2,000) 

(3,000) 

4,500 

(8,000) 

(6,000) 
(2,000) 

8,000-1 5,000 
6,000 

10,000-15,000 

(3,000) 

45 

30 
60 

27 

80,000 

40,000 
150,000 

25,000 

4,000 

8,000 
6,000 

2,500 
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TABLE 1V.H-6 (Cont'd) 

M X  M X  SIZE ACTUAL AVERAGE 
DRAFT SHIP LOADING RATES (from Spot F i x tu res )  

(FEET) (OUT) (TonneslDay) . ( 1 = Est imate 

Germany (Yest) 

Bremen 
n a h u r g  
Restock 

USSR - 
vent sp t i  s 24 20,000 2,000 

SULPHUR (DRY) 
I I I 

Canada 1 -ver (see above) I I 
. Germany (Yest) 

Brake 37 36,000 

Kuuai t - 
Shuaiba 41 45,000 

Saudi Arabia 

Jubai 1 

USA - 
~ a l v e s t o n  46 80,000 8,500 
LOS Angeles 35 35,000 5,000 
Stockton 32 30,000 8,000 

NITROGEN 

Belgium 

Antwerp (see above) 

Bu lga r i a  

varna 31 30,000 1,000 

IMI., 
Suez 26.5 25,000 1,WO 



TABLE IV,H-6 (Cont 'd)  

Notes : - Because of widespread production, on l y  major n i t r ogen  export  po r t s  are l i s t ed .  - 

Kuuai t - 
Shuai ba 

Libyll 
Rarsa e l  Brega 

Qa ta r  - 
Urn Said 

Rumania 

Constanza 

Saudi Arabia 

Jubai 1 

USSR - 
Odessa 

UA E - 
R w a i  s 

- Fin ished f e r t i l i s e r  Loading po r t s  are not L i s ted  separate ly  because i n  many cases they 
co inc ide w i t h  rau ma te r i a l  export  ports, and where t h i s  i s  not the case the volume 
exported i s  very small. 

Source: H.P. Drewry Ltd. ,  "The Organisation and S t ruc tu re  of t h e  Deep-Sea 
F e r t i l i s e r  Trades", 1984. 

M X 
DRAFT 
(FEET) 

26 

36 

36 

38 

40 

I U X  SIZE 
SHIP 
(OUT) 

(see above) 

25,000 

40,000 

40,000 

(see above) 

45,000 

25,000 

ACTUAL AVERAGE 
LOADING RITES (from Spot F i x tu res )  
(TonneslDay) . ( ) = Est imate 

(3,000) 

(3,000) 
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PETROCHEMICALS 





V.A Data Sheet  

V.A. l  General  

Pet rochemicals  a r e  produced from n a t u r a l  gas  and r e f i n e d  petroleum 

products .  They account f o r  90% of world p roduc t ion  of o r g a n i c  chemicals.  

The on ly  two o t h e r  s o u r c e s  of any s i g n i f i c a n c e ,  i n  weight t e rms ,  are c o a l  t a r  

and c e l l u l o s e .  

The b a s i c  raw m a t e r i a l s ,  pet roleum and n a t u r a l  g a s ,  a r e  processed 

t o  produce b a s i c  pet rochemical  f e e d s t o c k s  (primary p r o d u c t s ) ,  t h e  most important  

of  which are: 

t h e  lower o l e f i n s  - e t h y l e n e ,  propylene and t h e  b u t y l e n e s ,  

bu tad iene  and i s o p r e n e  

t h e  a romat ics  - benzene, t o l u e n e  and t h e  xylenes+(BTX), and 

t h e  h i g h e r  o l e f i n s  - a wide range of pe t rochemica l s  i n  t h e  C 
6 

t o  C18 r ange*  

With t h e  a d d i t i o n  of i n o r g a n i c  f e e d s t o c k s  l i k e  oxygen, c h l o r i n e  and 

hydrogen, over  t h r e e  thousand pe t rochemica l s  a r e  produced from t h i s  smal l  

number o f  primary products .  The f i r s t  s t e p  is  t h e  p roduc t ion  of "monomers1', 

which i n  t u r n  a r e  t h e  b u i l d i n g  b locks  f o r  downstream produc t ion  of a v a r i e t y  
. . 

of p roduc t s ,  t h e  most important  being p l a s t i c  r e s i n s ,  s y n t h e t i c  f i b r e s  and 

s y n t h e t i c  xubber m a t e r i a l s  ("polymers"). 

Pet rochemical  p l a n t s  can b e  s i t e d  a d j a c e n t  t o  a s o u r c e  of primary 

hydrocarbons,  such a s  a r e f i n e r y ,  o r  supp l ied  w i t h  raw m a t e r i a l s  v i a  long  

d i s t a n c e  over land o r  undersea p i p e l i n e s .  Some p l a n t s  have c a p t i v e  primary 



hydrocarbon s o u r c e s  and cannot p r o c e s s  a l t e r n a t i v e  t y p e s  of raw m a t e r i a l s ,  

whi le  o t h e r s  a r e  h i g h l y  f l e x i b l e  and u t i l i z e  v a r i o u s  r e f i n e r y  l i q u i d s  o r  

gas  s u p p l i e s ,  depending on p r i c e  and a v a i l a b i l i t y .  

Pet rochemical  p l a n t s  a r e  u s u a l l y  l a r g e  and e l a b o r a t e ,  and they  u s e  

s o p h i s t i c a t e d ,  automated equipment. They are designed w i t h  a  h igh  emphasis 

on s a f e t y  c o n s i d e r a t i o n s .  A f a i r l y  l a r g e  s c a l e  of o p e r a t i o n  is  u s u a l l y  

necessa ry  t o  make such p l a n t s  economically advantageous. 

P l a n t  a r e a  requirements  a r e  h i g h l y  v a r i a b l e  because of t h e  m u l t i t u d e  

of s i t e ,  f eeds tock ,  o p e r a t i n g ,  and product  mix a l t e r n a t i v e s .  However, i t  

has  been es t imated  t h a t  t h e  a r e a  r e q u i r e d  f o r  a  r e f i n e r y  based petrochemical  

p l a n t  is  between 1 . 5  and 2.0 sq  m per  tonne of throughput pe r  annum. Such 

complexes may account f o r  between a  t h i r d  and a h a l f  of t h e  o v e r a l l  s i t e .  

V.A.2 O l e f i n  P l a n t s  

A l l  t h e  lower o l e f i n s  (e thy lene ,  propylene and bu tad iene)  a r e  co- 

p roduc t s ,  produced i n  v a r i o u s  r a t i o s  by t h e  c rack ing  of 'hydrocarbon feeds tocks  

i n  an  o l e f i n  p l a n t .  Aromatics a r e  a l s o  produced i n  an o l e f i n  p l a n t  a s  by- 

products .  An o l e f i n  p l a n t  o f t e n  forms t h e  c o r e  of an  e n t i r e  pet rochemical  

complex designed t o  produce a  wide range of products .  

A l l  t h e  components of n a t u r a l  gas  (methane, e thane ,  propane,  butane)  

may be used a s  raw m a t e r i a l s  f o r  pet rochemical  manufacture. Methane is 

p r i m a r i l y  used f o r  f u e l ,  bu t  it is  a l s o  t h e  prime f e e d s t o c k  f o r  ammonia 

product ion.  Ethane and propane a r e  source  m a t e r i a l s  f o r  e t h y l e n e  and propylene 

and may be der ived  from n a t u r a l  g a s  o r  d i s t i l l a t i o n  top gas  from a  r e f i n e r y .  

Butane from n a t u r a l  gas  o r  r e f i n e r y  top  gas ,  i s  used t o  produce t h e  bu ty lenes  

which a f t e r  dehydrogenation and s e p a r a t i o n  y i e l d  bu tad iene ,  e t c .  



Naptha, gas  o i l  and c r u d e  o i l  may, however, be  "cracked" d i r e c t l y  

t o  produce e t h y l e n e ,  propylene and t h e  bu ty lenes .  D i r e c t  c rack ing  is  u s u a l l y  

a s s o c i a t e d  w i t h  r e f i n e r y  o p e r a t i o n s  t o  y i e l d  h igher  v a l u e  p roduc t s  r e f l e c t i n g  

t h e  lower pe rcen tage  demand f o r  t h e  h e a v i e r  p roduc t s ,  e.g. gas  and f u e l  o i l ,  

from d i s t i l l a t i o n  p rocesses .  

The fo l lowing  are examples of y i e l d s  from v a r i o u s  feedstocks*:  

Feedstock Produc t s  and By-products (% w t )  
Ethylene Propylene Butadiene Aromatics 

F u l l  r ange  nap tha  34.4 14.4 4.9 

L igh t  nap tha  28.7 14.8 4.8 10.6 

G a s  o i l  25.9 13.3  5.4 13.3 

Ethane 84.0 1.4 1.4 0.4 

Based on t h e  above y i e l d s ,  approximate f e e d s t o c k  i n p u t s  f o r  t h r e e  

d i f f e r e n t  e t h y l e n e  p l a n t  s i z e s  a r e  as fo l lows :  

Ethylene,  t / a  250,000 500,000 1,000,000 

F u l l  r ange  nap tha ,  t / a  735,000 1,470,000 2,941,000 

Ligh t  naptha ,  t / a  871,000 1,742,000 3,484,000 

Gas o i l ,  t / a  965,000 1,930,000 3,861,000 

Ethane t / a  297,000 595,000 1,190,000 

*Source : Hydrocarbon Process ing ,  November 1980. 



It can thus  be seen t h a t  t h e  h ighes t  y ie ld  source of e thylene i s  

ethane but t h a t  i t  has a more l imi ted  output of t h e  other  lower o l e f in s .  

Nevertheless,  e thylene is  t h e  most s i g n i f i c a n t  petrochemical bui lding block 

accounting f o r  30% of petrochemicals. 

The following opera t ions  a r e  required i n  an o l e f i n  p lan t :  

- Pyrolys is  of hydrocarbon feedstock ( the  process of breaking 

down hydrocarbons i n  the  presence of steam a t  temperatures 

600-900°c). 

- Multi-stage waste heat  recovery. 

- Compression of pyro lys is  gas. 

- Cryogenic treatment of pyro lys is  gas. 

- Multiple  f r ac t iona t ion  of t h e  cooled mixture. 

- Further processing depending on t h e  product (ethylene, propylene, 

butadiene, aromatics).  

Typical end uses  f o r  e thylene and propylene a re :  

Ethylene - % 

Low dens i ty  polyethylene 3 9 

Vinyl ch lo r ide  monomer 1 7  

High dens i ty  polyethylene 1 5  

Ethylene oxide 13  

Styrene 7 

Others 9 - 
100 
- 

Propylene - % 

A c r y l o n i t r i l e  2 2 

Polypropylene 20 

0x0 a lcohols  1 7  

Propylene oxide 13 

Isopropanol 8 

Others 



V.A.3 Industry Requirements 

Olef in production i s  energy in t ens ive  wi th  high process steam, 

compression, and r e f r i g e r a t i o n  requirements f o r  performance of t h e  var ious  

production operat ions.  Between 5 and 7 tons  of steam a r e  consumed t o  produce 

one ton of e thylene.  In  addi t ion ,  t h e  following requirements may be associated 

with a 450,000 t / a  e thylene p l an t  from ethane. From such a source the  ethane 

and o ther  gases  may provide t h e  e l e c t r i c i t y  generat ion feedstock. 

Ethylene production 

ethane 535,000 t / a  

. water 12  - 24 Kt/d . 

e lec .  energy i n s t a l l e d  2 MW 

personnel 3 00 

a rea  40 ha 

Low dens i ty  polyethelene (160,000 t / a  y i e l d )  

e thylene  180,000 t / a  

water 80 - 160 k t /d  

e lec .  energy i n s t a l l e d  25 -35 MW 

personnel 160 - 240 

1 and 5 - 20 ha 

Vinyl ch lo r ide  monomer (160,000 t / a )  and polyvinyl  ch lo r ide  (150,000 t / a )  

e thylene 80,000 t / a  

rock s a l t  180,000 t / a  

ch lo r ine  96,000 t / a  

wa t er 150 - 240 kt /d  

e lec .  energy i n s t a l l e d  6 - 1 4 M V  

personnel 300 - 500 

a rea  50 ha 



High dens i ty  polyethylene (60,000 t / a )  

e thylene 70,000 t / a  

water 25 - 40 Kt/d 

e lec .  energy i n s t a l l e d  3 - 7 M W  

personnel 140 - 240 

land 5 - 1 0  ha 

Styrene (200,000 t / a )  

e thylene 60,000 t / a  

benzene 160,000 t / a  

water 10  k t /d  

e lec .  energy i n s t a l l e d  3 - 5 M W  

personnel 60 - 180 

land 5 - 20 ha 

I n  add i t i on  f o r  polystyrene (100,000 t / a )  

water 6 k t /d  

e lec .  energy i n s t a l l e d  5 MW 

personnel 160 - 180 

land 5 - 10 ha 

For an in tegra ted  p l an t  based on 450,000 t / a  e thylene from ethane 

water 300 - 500 Kt/d (which may be reduced 
by recyc l ing)  

i n s t a l l e d  e l e c t r i c i t y  45 - 75 MW 

personnel 1,000 - 1,500 

a r e a  100 - ZOO+ ha 



V.A. 4 Sh ipp ing  

The p l a n t ,  of course ,  need n o t  be i n t e g r a t e d .  At v a r i o u s  s t a g e s  of 

p rocess ing ,  d i f f e r e n t  materials a r e  e i t h e r  produced a s  f e e d s t o c k s  o r  a s  by- 

products .  

Gases such a s  e thane ,  propane, butane,  e t h y l e n e ,  propylene,  bu tad iene ,  

ammonia and v i n y l  c h l o r i d e  may be  shipped by s e a  i n  s p e c i a l i z e d  c a r r i e r s .  While 

t h e r e  is  some f l e x i b i l i t y  of use  of l i q u e f i e d  gas  c a r r i e r s ,  t h e  p r e s s u r e /  

temperature  and c o r r o s i v e  c h a r a c t e r i s t i c s  of pe t rochemica l s  have t o  be matched 

t o  t h e  v e s s e l  c h a r a c t e r i s t i c s .  

The s i z e s  of such s h i p s  range widely  b u t  t y p i c a l l y  energy c a r r y i n g  

s h i p s  a r e  of l a r g e r  s i z e ,  w i t h  LPG c a r r i e r s  (propane and butane)  up t o  130,000 

cu m. Pet rochemical  c a r r i e r s  range from a few hundred cu m c a p a c i t y  t o  35,000 

cu m f o r  e thy lene .  

Liquid  pe t rochemica l s  a r e  c a r r i e d  i n  s p e c i a l i z e d  "chemical tankers" ,  

which a r e  c h a r a c t e r i z e d  by a l a r g e  number of s t a i n l e s s  s t e e l  o r  coa ted  t anks  

( o f t e n  a s  many a s  40 o r  50). The s i z e s  of such  s h i p s  va ry  between a few hundred 

up t o  39,000 DWT. Vesse l s  c a r r y i n g  noxious l i q u i d  subs tances  (according t o  

MARPOL Annex 11) a r e  b u i l t  under t h e  p r o v i s i o n s  of t h e  IMO Bulk Chemicals Code. 

. -  
Low d e n s i t y  and h i g h  d e n s i t y  po lye thy lene ,  PVC and t h e  s t y r e n e  

d e r i v a t i v e s  a r e  i n  s o l i d  form and shipment i s  u s u a l l y  i n  bags. Bulk shipment 

is a l s o  p o s s i b l e  bu t  because of demand o r i e n t a t i o n  of t h e s e  downstream commodities, 

i n l a n d  t r a n s p o r t a t i o n  o f t e n  is  of s u c h  s i g n i f i c a n c e  t h a t  b u l k  e x p o r t s  a r e  no t  

j u s t i f i e d .  

Rock sal t  imports ,  i f  r e q u i r e d  f o r  VCM produc t ion ,  would be  i n  bu lk  

c a r r i e r s ,  t h e  s i z e  depending on r o u t e  and economic c o n s i d e r a t i o n s .  



V.B General  Cons idera t ions  

Petrochemicals  is  a g e n e r i c  t e r m  f o r  t h e  d i v e r s e  chemical  p roduc t s  

de r ived  from petroleum and n a t u r a l  gas.  

Petroleum occurs  i n  t h e  semi-l iquid and l i q u i d  phases  from a s p h a l t s  

t o  c rude  o i l s .  Na tura l  gas  comprises methane ( C H ~ ) ,  e thane  (C H 1, propane 
2 6 

(C H ) and butane (C H ), which a r e  g a s e s  a t  normal temperatures  and 3 8 4 10 

p r e s s u r e s .  

Na tura l  gas  may c o n t a i n  s m a l l  p r o p o r t i o n s  of t h e  "pentane plus"  

f r a c t i o n s  (C +) which are l i q u i d s  a t  normal t empera tu res  and p r e s s u r e s .  These 5 

l i q u i d s  may be  c a l l e d  "cbndensates", " n a t u r a l  gaso l ines"  o r  " n a t u r a l  napthas".  

I f  t h e  volumes of t h e s e  are small, say  less than 14 cc/(normal) c u b i c  mete r ,  

t h e  gas  is termed "dry" o r  "non-associated". I n  c o n t r a s t ,  "associa ted"  o r  

"wet gas" is  g a s  found d i s s o l v e d  i n  c rude  o i l  o r  i n  c o n t a c t  w i t h  under ly ing  

gas  s a t u r a t e d  c rude  o i l ,  and c o n t a i n s  s i g n i f i c a n t  p o r t i o n s  of bu tanes  and 

pentane p l u s  f r a c t i o n s .  

Pet rochemicals  a r e  produced from n a t u r a l  gas  and r e f i n e d  petroleum 

products .  They account f o r  90% of world p roduc t ion  of o rgan ic  chemicals.  

The on ly  two o t h e r  sources  of any s i g n i f i c a n c e ,  in weight terms,  a r e  c o a l  t a r  

and c e l l u l o s e .  

The b a s i c  raw m a t e r i a l s ,  petroleum and n a t u r a l  gas ,  a r e  processed t o  

produce b a s i c  pet rochemical  f eeds tocks  (primary p r o d u c t s ) ,  t h e  most important  

of which are: 

t h e  lower o l e f i n s  - e t h y l e n e ,  propylene and t h e  bu ty lenes ,  

bu tad iene  and i s o p r e n e  



t h e  a romat ics  - b ~ n z e n e ,  t o l u e n e  and t h e  x y l e n e s  (BTX) , and 

t h e  h igher  o l e f i n s  - a wide range of pe t rochemica l s  i n  t h e  C t o  6 

C18 range.  

With t h e  a d d i t i o n  of i n o r g a n i c  f e e d s t o c k s  l i k e  oxygen, c h l o r i n e  and 

hydrogen, over  t h r e e  thousand pe t rochemica l s  a r e  produced from t h i s  smal l  

number of primary products .  The f i r s t  s t e p  is t h e  p roduc t ion  of "monomers", 

which i n  t u r n  a r e  t h e  b u i l d i n g  b locks  f o r  downstream produc t ion  of a v a r i e t y  of 

p roduc t s ,  t h e  most important  being p l a s t i c  r e s i n s ,  s y n t h e t i c  f i b r e s  and 

s y n t h e t i c  rubber  materials ("polymers"). Table  V.B-1 i d e n t i f i e s  a number of 

h igh  volume pe t rochemica l s  and i l l u s t r a t e s  t h e  f l o w  of f e e d s t o c k s  through 

s u c c e s s i v e  s t a g e s  of p roduc t ion  t o  f i n i s h e d  p l a s t i c ,  f i b r e  and rubber goods 

manufactured by a wide v a r i e t y  of i n d u s t r i e s .  

Pet rochemical  p l a n t s  can be  s i t e d  a d j a c e n t  t o  a s o u r c e  of pr imary 

hydrocarbons,  such a s  a r e f i n e r y ,  o r  supp l ied  w i t h  raw m a t e r i a l s  v ia  long 

d i s t a n c e  over land o r  undersea  p i p e l i n e s .  While t h e  United S t a t e s ,  USSR, Europe, 

and Japan account f o r  over  95 p e r c e n t  of world pet rochemical  p roduc t ion ,  many 

new p l a n t s  a r e  being b u i l t  i n  petroleum-exporting developing c o u n t r i e s ,  such  

a s  Saudi Arabia,  Kuwait, Indonesia ,  Mexico, and Niger ia .  These c o u n t r i e s  w i l l  

be  manufactur ing pe t rochemica l s  f o r  domestic consumption and f o r  e x p o r t ,  hoping 

t o  b e n e f i t  from h igher  f i n a n c i a l  r e t u r n s  a c h i e v a b l e  by market ing downstream 

products .  

Pet rochemical  p l a n t s  a r e  u s u a l l y  l a r g e  and e l a b o r a t e ;  they  use  sophis-  

t i c a t e d ,  automated equipment. A f a i r l y  l a r g e  s c a l e  of o p e r a t i o n  i s  u s u a l l y  

necessa ry  t o  make such p l a n t s  economically advantageous. 



TABLE V.B-1 

PETROCHEMICAL ROUTES 

mmnry 
products Intermediate products End products 

-3 

Ethylene + + 
+ chlorine + Vinyl chloride + 

+ acetic acid -t Vinyl acetate -+ 

+ oxygen + Acetaldehyde + acetic acid 

+ oxygen . + Ethylene oxide + ethylene glycol 

Polyethylene 

Polyvinyl chloride (PVC) 
Polyvinyl acetate 

+ benzene -t Styrene + Polystyrene I 
Propy lene + + 

+ benzene 4 Cumene 

+ ammonia + Acrylonitrile + 

caprolactam 
Benzene + hydrogen + Cyclohexane adipic acid 

Polypropylene 1 

Acrylic 1 
Polyamide i FIBRES 

p-Xylene + methanol 4 Dimethyl terephthalate (DMT) + (+ ethylene glycol) + Polyester 

Bu tadiene + + Poly butadiene (BR) 
+ styrene + + Styrene-butadiene ELASTOMERS 

rubber (SBR) 
eXylene + propylene -t Phthalic anhydride -+ (+alcohols) +phthalate plasticizers 

Sulphur + Sulphuric acid 

S o u r c e :  UNIDO,  h he P e t r o c h e m i c a l  I n d u s t r y " ,  I ~ / 1 0 6 ,  New Y o r k ,  1 9 7 3 .  



New p l a n t s  can be  des igned f o r  a  narrow product  r ange  o r  a s  f u l l y  

i n t e g r a t e d  complexes comprised of twenty o r  more p roduc t ion  u n i t s .  Some 

p l a n t s  have c a p t i v e  pr imary hydrocarbon s o u r c e s  and cannot p r o c e s s  a l t e r n a t i v e  

types  o f  raw m a t e r i a l s ,  w h i l e  o t h e r s  a r e  h i g h l y  f l e x i b l e  and u t i l i z e  v a r i o u s  

r e f i n e r y  l i q u i d s  o r  g a s  s u p p l i e s ,  depending on p r i c e  and a v a i l a b i l i t y .  

Pet rochemical  p l a n t s  a r e  designed w i t h  a  h i g h  emphasis on s a f e t y  

c o n s i d e r a t i o n s ,  inc lud ing :  

(1) containment and o p e r a t i n g  c o n t r o l  

(2)  s a f e  r e l e a s e  and d i s p o s a l  of l i q u i d s  and vapors  

( 3 )  i g n i t i o n  p reven t ion  

(4)  i n c i d e n t  c o n t r o l  and d i s a s t e r  p r e v e n t i o n  

P r o v i s i o n s  must be made t o  a l l o w  emergency shutdowns and au tomat ic  i s o l a t i o n  

of c e r t a i n  p l a n t  s e c t i o n s  i n  c a s e  of l o c a l i z e d  f i r e .  Aside from i n t r i n s i c  

d e s i g n  a s p e c t s ,  p l a n t  s a f e t y  a l s o  i s  h i g h l y  dependent on t h e  competence of t h e  

o p e r a t i n g  and suppor t  personnel .  

P l a n t  l ayou t  and a r e a  requirements  a r e  h i g h l y  v a r i a b l e  because of t h e  

m u l t i t u d e  o f  s i t e ,  f e e d s t o c k ,  o p e r a t i n g ,  and product  m i x  a l t e r n a t i v e s .  However, 

i t  has  been es t imated  t h a t  t h e  a r e a  r e q u i r e d  f o r  a  r e f i n e r y  based petrochemical  

p l a n t  i s  between 1 .5  and 2.0 sq m per  tonne of throughput per  annum. Such 

complexes may account f o r  between a  t h i r d  and a  h a l f  of t h e  o v e r a l l  s i t e .  



V.C O l e f i n  P l a n t s  

Ethylene,  propylene,  and bu tad iene  are t h e  t h r e e  major o l e f i n  

primary p roduc t s  used f o r  product ion of downstream petrochemicals .  A l l  of 

t h r e e  are coproducts ,  produced i n  v a r i o u s  r a t i o s  by t h e  c rack ing  of hydrocarbon 

f e e d s t o c k s  ranging from e thane  t o  naptha  t o  c r u d e  o i l  f n  an  o l e f i n  p l a n t .  The 

key r o l e  of an  o l e f i n  p l a n t  i n  t h e  pet rochemical  i n d u s t r y  is i l l u s t r a t e d  by 

F igure  V.C-1. 

Ethane and propane a r e  source  m a t e r i a l s  f o r  e t h y l e n e  and propylene 

and may be d e r i v e d  from n a t u r a l  gas  o r  d i s t i l l a t i o n  top  gas  from a r e f i n e r y .  

Butane from n a t u r a l  gas o r  r e f i n e r y  top  gas ,  is  used t o  produce t h e  b u t y l e n e s  

which a f t e r  dehydrogenation and s e p a r a t i o n  y i e l d  bu tad iene ,  e t c .  Methane, 

t h e  p r i n c i p a l  component of n a t u r a l  gas ,  i s  p r i m a r i l y  used f o r  f u e l ,  bu t  i t  is  

a l s o  t h e  prime f e e d s t o c k  f o r  ammonia p roduc t ion  ( r e f e r  t o  Chapter I V  - 
F e r t i l i z e r s ) .  

Naptha, gas  o i l  and c rude  o i l  may, however, be  "cracked" d i r e c t l y  t o  

produce e t h y l e n e ,  propylene and t h e  bu ty lenes .  Direct c rack ing  is  u s u a l l y  

a s s o c i a t e d  w i t h  r e f i n e r y  o p e r a t i o n s  t o  y i e l d  h igher  v a l u e  p roduc t s  r e f l e c t i n g  

t h e  lower pe rcen tage  demand f o r  t h e  h e a v i e r  p roduc t s ,  e.g. gas  o i l  and f u e l  o i l  

from d i s t i l l a t i o n  p rocesses .  

Thus pet rochemical  product ion i s  g e n e r a l l y  a s s o c i a t e d  w i t h  gas  p roduc t ion ,  

which may be wet o r  d r y ,  o r  r e f i n e r y  products .  Yie lds  from v a r i o u s  feeds tocks  

are shown i n  Table V.C-1. It can t h u s  b e  seen t h a t  t h e  h i g h e s t  y i e l d  source  

of e t h y l e n e  is ethane but  t h a t  i t  has  a more l i m i t e d  o u t p u t  of t h e  o t h e r  
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TABLE V.C-I  

TYPICAL FEEDSTOCKS. AND.. COFRODUCT RATIOS 
I N  'ETHYLENE 'MANUFACTURE 

Feedstock Products and Bv-aroducts ( X  wt) - -  - - -  ~ -. c - --- .- ..- - -  -, 
Ethylene Propylene Butadiene Aromatics 

F u l l  range naptha 34.4 14.4 4.9 13.1 

Light  naptha 28.7 14.8 

Gas o i l  25.9 13.3 

Ethane 84.0 1.4 

Based on the  above f i e l d s ,  approximate feedstock inpu t s  fo r  t h r ee  

d i f f e r e n t  e thy lene  p lan t  s i z e s  a r e  a s  follows: 

Ethylene, t / a  250,000 500,000 1,000,000 

F u l l  range naptha, t / a  735,000 1,470,000 2,941,000 

Light  naptha, t / a  871,000 1,742,000 3,484,000 

Gas o i l ,  t / a  965,000 1,930,000 3,861,000 

Ethane t / a  297,000 595,000 1,190,000 

Source: Hydrocarbon Processing, November 1980. 



lower o l e f i n s .  I n  g e n e r a l ,  t h e  amounts o f  propylene,  bu tad iene  and a romat ics  

formed by c rack ing  i n c r e a s e ,  a t  t h e  expense of e t h y l e n e  y i e l d ,  as h e a v i e r  

l i q u i d  f e e d s t o c k s  are used. 

P r i c e ,  a v a i l a b i l i t y ,  and product  y i e l d  are t h e  main f a c t o r s  considered 

i n  t h e  s e l e c t i o n  of primary hydrocarbon f e e d s t o c k  f o r  a n  o l e f i n  p l a n t .  I n  

g e n e r a l ,  t h e  h igher  molecular weight f e e d s t o c k s  a r e  e a s i e r  t o  c r a c k ,  w i t h  

t y p i c a l  f u r n a c e  o u t l e t  temperature  f o r  c rack ing  e thane ,  f o r  example, a t  about 

8 0 0 ~ ~ ~  w h i l e  naptha  o r  gas  o i l  can be  cracked a t  675-700'~. Nonetheless ,  

p l a n t s  u t i l i z i n g  h e a v i e r  f e e d s  a r e  more c o s t l y  than  t h o s e  des igned f o r  e thane ,  

because of t h e  l a r g e r  s e p a r a t i o n  f a c i l i t i e s  r e q u i r e d  w i t h  h igher  r a t i o s  of 

propylene,  bu tad iene ,  and a romat ics .  

I n  t h e  United S t a t e s ,  e thane  and propane recovered from n a t u r a l  gas 

p rocess ing  p l a n t s  have been t h e  t r a d i t i o n a l  f e e d s t o c k s  f o r  o l e f i n  product ion.  

Western Europe and Japanese  o l e f i n  p l a n t s  a r e  p r i m a r i l y  naptha-based, because 

of t h e  l i m i t e d  a v a i l a b i l i t y  and h igher  e q u i v a l e n t  p r i c e  of n a t u r a l  gas-derived 

e thane.  However, l a r g e - s c a l e  o l e f i n  manufactur ing f a c i l i t i e s  based on e thane  

and propane recovered from North Sea n a t u r a l  gas  a r e  p r e s e n t l y  being designed. 

New p l a n t s  being b u i l t  i n  t h e  Middle East  a r e  based on a s s o c i a t e d  gas  gathered 

a s  a by-product of c r u d e  o i l  product ion.  These p l a n t s  have a c o n s i d e r a b l e  

compet i t ive  edge over o l d e r  u n i t s  i n  Europe and Japan t h a t  o p e r a t e  on high- 

p r i c e d  nap thas  and gas  o i l s .  



V . C . l  Ethylene and Its D e r i v a t i v e s  

Ethylene i s  t h e  most s i g n i f i c a n t  pet rochemical  b u i l d i n g  b lock  

account ing f o r  30% of pet rochemicals .  Typical  end u s e s  of e t h y l e n e  a r e :  

X - 
Low d e n s i t y  po lye thy lene  39 

Vinyl  c h l o r i d e  monomer 17  

High d e n s i t y  po lye thy lene  1 5  

Ethylene ox ide  1 3  

S tyrene  7 

Others  

Modern e t h y l e n e  p l a n t s  a r e  among t h e  l a r g e s t ,  t h e  most complex,and 

t h e  most expensive  f a c i l i t i e s  of t h e  pet rochemical  i n d u s t r y .  An e t h y l e n e  u n i t  

o f t e n  forms t h e  c o r e  of an e n t i r e  pet rochemical  complex designed t o  produce 

a  wide range o f  products .  I n  Europe, Japan,  and B r a z i l ,  l a r g e  e t h y l e n e  p l a n t  

c a p a c i t i e s  range from 300,000 t o  500,000 t o n s  pe r  year .  I n  t h e  U.S., s e v e r a l  

p l a n t s  w i t h  annual  c a p a c i t i e s  i n  excess  of 500,000 t o n s  a r e  i n  o p e r a t i o n .  A 

new $3 b i l l i o n  pet rochemical  complex a t  J u b a i l ,  Saudi Arabia w i l l  i n c l u d e  a  

656,000 ton /year  e t h y l e n e  u n i t .  Small and medium-sized p l a n t s  a r e  i n  o p e r a t i o n  

and under c o n s t r u c t i o n  i n  developing c o u n t r i e s  t o  s e r v e  smal le r  l o c a l  markets.  

A complex automation c o n t r o l  system i s  requ i red  t o  o p e r a t e  modern 

e t h y l e n e  u n i t s .  The t y p i c a l  p l a n t  c o n t a i n s  w e l l  over 400 p i e c e s  of major 

equipment ( f i r e d  h e a t e r s  and h e a t  exchangers,  r e a c t o r s ,  f r a c t i o n a t i n g  towers ,  

compressors,  h igh  c a p a c i t y  pumps), more than a  thousand measuring ins t ruments ,  



V-17 

and hundreds of con t ro l  loops. E lec t ronic  instrumentat ion has widely 

supplanted the  e a r l i e r  pneumatic types,  and process  con t ro l  computers a r e  

playing an increas ing  r o l e  i n  p l an t  operat ion.  

Olef in production i s  energy in t ens ive  with high process steam, 

compression, and r e f r i g e r a t i o n  requirements f o r  performance of t h e  various 

production operat ions.  Between 5 and 7 tons of steam a r e  consumed t o  produce 

one ton  of ethylene. A 450,000 t / a  e thylene production based on ethane with 

o the r  assoc ia ted  hydrocarbon suppl ies  (e.g. methane) providing f u e l  f o r  major 

compressors, e t c .  would requi re :  

ethane feedstock 535,000 t 

water 12 - 24 k t / d  

personnel 3  00 

s i t e  a r ea  40 ha 

i n s t a l l e d  e l e c t r i c i t y  2 MW 

However, when ethylene production i s  combined wi th  production of i t s  d e r i v a t i v e s ,  

t he  indus t ry  requirements a r e  much higher.  A f u l l y  i n t eg ra t ed  p l an t  based on 

450,000 t / a  of e thylene may requi re :  

i n s t a l l e d  power 45 - 75 MW 

cool ing water 300-500 k t /d  (may be reduced by recycl ing)  

personnel 1,000 - 1,500 

a rea  100 - 20O-t ha 



V . C . l . l  E thylene Manufacturing Process  

The fol lowing o p e r a t i o n s  a r e  r e q u i r e d  i n  e t h y l e n e  manufacture:  

(1) p y r o l y s i s  and primary was te  h e a t  recovery 

(2) secondary waste h e a t  recovery and p y r o l y s i s  f u e l  

s e p a r a t i o n  ( f o r  naptha  and gas  o i l  f e e d s t o c k s )  

(3)  t e r t i a r y  was te  h e a t  recovery and heavy g a s o l i n e  

s e p a r a t i o n  ( f o r  naptha  and gas  o i l  f eeds tocks )  

(4) p y r o l y s i s  gas  compression, a c i d  gas  removal, and d ry ing  

(5) cryogenic  t reatment  and demethanizing 

( 6 )  dee than iz ing  and a c e t y l e n e  hydrogenation 

(7)  e thylene-ethane f r a c t i o n a t i o n  

(8) p u r i f i c a t i o n  of propylene and heav ie r  p roduc t s  

F igure  V.C-2 shows t h e  major p rocess  systems of a  naptha  o r  gas  oi l -based 

p l a n t  des igned t o  produce h i g h  p u r i t y  e t h y l e n e  and propylene.  P l a n t s  t h a t  

p rocess  e thane  f e e d s t o c k  a r e  much s imple r  i n  d e s i g n  because secondary and 

t e r t i a r y  h e a t  recovery systems a r e  n o t  r equ i red .  F u r t h e r ,  t h e  condensate  

dee than ize r  and t h e  propylene and butane p rocess ing  f a c i l i t i e s  a r e  n o t  r e q u i r e d  

s i n c e  t h e  p roduc t ion  r a t e s  f o r  t h e s e  heav ie r  hydrocarbons a r e  low. 

V.C.l.1.a P y r o l y s i s  Furnaces 

P y r o l y s i s ,  a l s o  c a l l e d  steam crack ing ,  i s  t h e  p rocess  of breaking 

down hydrocarbons i n  t h e  presence of steam a t  h igh  temperatures  ( 6 0 0 - 9 0 0 ~ ~ ) .  

Ethane f e e d s t o c k s  y i e l d  mainly e t h y l e n e  and hydrogen from t h e  p y r o l y s i s  

r e a c t i o n ,  whi le  p y r o l y s i s  of naptha  and gas  o i l s  y i e l d s  e t h y l e n e ,  propylene,  

bu tad iene ,  a romat ics ,  and gaso l ine .  The p y r o l y s i s  y i e l d  p a t t e r n ,  f e e d s t o c k  

consumption, and f u e l  e f f i c i e n c y  have a  g r e a t  i n f l u e n c e  on t h e  economic 

performance of t h e  p l a n t .  
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Ethylene p l a n t s  c o n t a i n  between 4 and 20 p y r o l y s i s  fu rnaces ,  each 

of which i s  f i t t e d  w i t h  m u l t i p l e  p y r o l y s i s  c o i l s  made of tubes  between 50 and 

200 mm i n  d iamete r  and 50-80 meters long. The t y p i c a l  fu rnace  c o n s i s t s  of a 

r e c t a n g u l a r  f i r e  box ( 1 2 0 0 - 1 3 0 0 ~ ~ )  w i t h  a row of  v e r t i c a l  t u b e s  l o c a t e d  i n  

t h e  c e n t e r  p l a n e  between two r a d i a t i n g  r e f r a c t o r y  w a l l s .  Heat t r a n s f e r  t o  t h e  

t u b e s  occurs  mainly by r a d i a t i o n  and t o  a smal l  degree  by convect ion.  The 

convect ion a r e a  of t h e  fu rnace  performs feed  and feed water  p r e h e a t i n g ,  a s  

w e l l  as superhea t ing  of steam. 

Feedstocks a r e  f i r s t  preheated e x t e r n a l l y  and then i n  t h e  uppermost 

c o i l  of t h e  convect ion a rea .  Subsequently d i l u t i o n  steam i s  mixed w i t h  t h e  

vapor ized hydrocarbon i n  a weight r a t i o  of between 0.5 and 1 .0  (steam: 

hydrocarbon).  D i l u t i o n  steam has  t h e  f u n c t i o n  o f  lowering t h e  hydrocarbon 

p a r t i a l  p r e s s u r e ,  which l a t e r  a i d s  t h e  p y r o l y s i s  r e a c t i o n ,  and p reven t ing  

carbon d e p o s i t s  on t h e  p y r o l y s i s  c o i l s .  

0 
A f t e r  f u r t h e r  h e a t i n g  i n  t h e  convect ion s e c t i o n  t o  550-700 C ,  t h e  

steam-hydrocarbon mix ture  e n t e r s  t h e  p y r o l y s i s  c o i l s  ( in  t h e  r a d i a n t  s e c t i o n  

of t h e  f u r c a c e ) ,  where i t  is  f u r t h e r  heated and cracked i n t o  products .  

The gas  has  a r e s i d e n c e  t i m e  of 0.2 t o  0.6 seconds i n  t h e  p y r o l y s i s  

c o i l  and an  o u t l e t  temperature  of 770 t o  8 7 0 ' ~  depending on f e e d s t o c k  and 

fu rnace  des ign.  The combustion chamber surrounding t h e  r e a c t o r  ( p y r o l y s i s )  

c o i l s  i s  equipped w i t h  numerous (over 100) burners  t h a t  produce a f l a t  f lame, 

which b o t h  avo ids  impingment on t h e  tube  and s i m u l a t e s  a uniformly r a d i a t i n g  

wal l .  

Furnaces designed t o  handle  l i g h t  hydrocarbon feeds tocks  a r e  normally 

f i r e d  w i t h  n a t u r a l  gas. Heavier feeds tocks ,  such  a s  nap tha  and gas  o i l s ,  a r e  

p y r o l i z e d  i n  fu rnaces  t h a t  f i r e  up t o  30 percen t  of t h e  f u e l  requirement a s  

f u e l  o i l  and t h e  balance a s  n a t u r a l  gas.  Development work is  underway toward 

- -- -- - - -- --- 



a c a p a b i l i t y  t o  use  h igher  p r o p o r t i o n s  o f  t h e  cheaper o i l  f u e l s .  

V.C.l.1.b Waste Heat Recovery 

T r a n s f e r l i n e  h e a t  exchangers,  a l s o  known a s  quench c o o l e r s ,  a r e  

r e q u i r e d  t o  r a p i d l y  coo l  t h e  g a s  w i t h i n  m i l l i s e c o n d s  a f t e r  i t  e x i t s  t h e  

p y r o l y s i s  c o i l s ,  the reby  p reven t ing  secondary r e a c t i o n s  t h a t  would degrade t h e  

o l e f i n  composit ion of t h e  p y r o l y s i s  gas. The t empera tu re  of t h e  product  gas  

is r a p i d l y  reduced by s e v e r a l  hundred degrees  i n  t h e  p rocess  of g e n e r a t i n g  h i g h  

p r e s s u r e  steam, which is  subsequen t ly  superheated i n  t h e  p y r o l y s i s  s e c t i o n  

of t h e  superhea te r  b e f o r e  i t  is  used i n  compressor d r i v e s .  A mixture  of steam 

and water  e x i t s  t h e  exchanger and is  s e p a r a t e d  i n  an  e l e v a t e d  drum, t h e  water  

r e t u r n i n g  t o  t h e  exchanger i n l e t  by a thermosyphon e f f e c t .  

T r a n s f e r l i n e  e x c h a n g e s a r e  b u i l t  i n t o  t h e  f u r n a c e  u n i t ,  one exchanger 

s e r v i n g  one o r  more, o f t e n  two p y r o l y s i s  c o i l s .  P y r o l y s i s  gas  l e a v e s  t h e  

0 
exchangers a t  temperatures  ranging from 375 t o  500 C f o r  nap tha  p y r o l y s i s .  

Secondary h e a t  recovery is  achieved by d i r e c t  i n j e c t i o n  of "quench 

o i l "  i n t o  t h e  p y r o l y s i s  gas  downstream of t h e  i n d i v i d u a l  t r a n s f e r l i n e  exchangers,  

which reduces  t h e  gas  temperature  t o  200-220'~ and p r e v e n t s  most product  

degrada t ion  r e a c t i o n s .  

P y r o l y s i s  g a s  and quench o i l  a r e  s e p a r a t e d  i n  t h e  base  of t h e  primary 

f r a c t i o n a t o r ,  quench o i l  h e a t  i s  subsequent ly  used i n  t h e  d i l u t i o n  steam 

g e n e r a t o r s  and i n  h e a t  exchange w i t h  o t h e r  p rocess  steam. 

Energy e f f i c i e n c y  r e q u i r e s  t h a t  l a r g e  amounts of h e a t  be  removed from 

t h e  p y r o l y s i s  g a s ,  which i n  t u r n  r e q u i r e s  a l a r g e  f low of quench o i l ,  t y p i c a l l y  

i n  t h e  range of 1 5  t o  25 t imes  t h e  f low of f e e d s t o c k  t o  t h e  p y r o l y s i s  s e c t i o n .  

The temperature  d i f f e r e n c e  between ho t  quench o i l  and steam g e n e r a t o r s  is  

a l s o  r e l a t i v e l y  s m a l l ,  s o  t h e  t o t a l  h e a t  t r a n s f e r  a r e a  of t h e  d i l u t i o n  steam 



genera to r  is  t h e  l a r g e s t  of any s e r v i c e  i n  a n  e t h y l e n e  p l a n t .  

Following s e p a r a t i o n  o f  t h e  quench o i l ,  gas  l e a v i n g  t h e  primary 

f r a c t i o n a t o r  h a s  a temperature  of 1 0 0 - 1 1 0 ~ ~ .  T e r t i a r y  h e a t  r ecovery  from 

t h i s  .gas  occurs  i n  a i r -  o r  water-cooled h e a t  exchangers o r  i n  a d i r e c t  c o n t a c t  

water-cooled quench tower. The h o t  quench water  is  s e p a r a t e d  from heavy 

pyrogaso l ine  t h a t  condenses a long w i t h  t h e  d i l u t i o n  steam. Th is  h o t  water  is 

then used i n  v a r i o u s  p r o c e s s  h e a t  exchangers. The n e t  d i l u t i o n  steam is  

recyc led  t o  t h e  d i l u t i o n  steam g e n e r a t o r s  a f t e r  p rocess ing  f o r  removal of 

hydrocarbons and d i s s o l v e d  gases.  

V.C.1.l.c P y r o l y s i s  Gas Condi t ion ing  

0 
P y r o l y s i s  gas  l e a v e s  t h e  water  quench tower a t  a temperature  of 35-40 C 

and s l i g h t l y  above atmospheric p r e s s u r e  and must be compressed t o  about 35-40 

atmospheres p r i o r  t o  t h e  do&stream low temperature  d i s t i l l a t i o n  s t e p s .  I n  

a d d i t i o n ,  wa te r  vapor ,  heavy hydrocarbons,  a c i d  gas  (hydrogen s u l p h i d e ) ,  and 

carbon d i o x i d e  must be removed. 

Rad ia l  c e n t r i f u g a l  compressors w i t h  f o u r  o r  f i v e  s t a g e s  a r e  used i n  

most p l a n t s ,  w i t h  i n t e r s t a g e  c o o l i n g  by means of co ld  water  o r  propylene 

r e f r i g e r a t i o n .  I n t e r s t a g e  s e p a r a t o r s  a r e  f i t t e d  t o  remove water  and condensed 

hydrocarbons,  whi le  hydrogen s u l p h i d e  and carbon d i o x i d e  a r e  removed i n  a 

c a u s t i c  scrubbing tower between t h e  t h i r d  and f o u r t h  s t a g e s  of compression. The 

s p e n t  c a u s t i c  from t h i s  o p e r a t i o n  r e q u i r e s  s u b s t a n t i a l  subsequent t r ea tment  

b e f o r e  i t  can be s a f e l y  d i scharged  and i s  t h e  most troublesome l i q u i d  was te  



of e t h y l e n e  p l a n t s .  Acid gases  removed from t h e  s p e n t  c a u s t i c  and o t h e r  

gas  removal u n i t s  a r e  e i t h e r  burned and t h e  combustion p roduc t s  exhausted 

w i t h  f l u e  gas ,  o r  t r e a t e d  in a Claus  u n i t  f o r  convers ion of t h e  hydrogen 

s u l p h i d e  t o  e lementa l  su lphur .  

G a s  compression accounts  f o r  a h i g h  percen tage  of t o t a l  p roduc t ion  

energy consumption i n  e t h y l e n e  manufacture.  A t  one o f  t h e  wor ld ' s  l a r g e s t  

p l a n t s ,  des igned t o  produce 600,000 t o n s  o f  e t h y l e n e  p e r  y e a r  (8000 o p e r a t i n g  

h o u r s ) ,  two p a r a l l e l  compression l i n e s  w i t h  f i v e  s t a g e s  each  a r e  provided.  

The compressors are r a t e d  a t  19.95 megawatts each and have expected normal 

power consumption o f  17.9 megawatts each. They a r e  d r i v e n  by condensing steam 

t u r b i n e s  w i t h  a i r  condensers.  

I n  o r d e r  t o  ach ieve  complete removal of water  from the p y r o l y s i s  

gas ,  most p r o c e s s e s  employ an a b s o r p t i v e  d r y i n g  system l o c a t e d  immediately 

a f t e r  t h e  f i n a l  s t a g e  of p y r o l y s i s  gas  compression. Molecular s i e v e s  o r  

d e s s i c a n t  d r y e r s  can be used,  but t h e  former a r e  p r e f e r r e d  because of t h e i r  

s e l e c t i v i t y .  

V.C.l.1.d Cryogenic Treatment 

Condit ioned p y r o l y s i s  gas  is  a mix ture  of l i g h t  hydrocarbons Cethylene, 

propylene,  hydrogen, methane, e thane ,  butane,  e t c . )  a t  ambient temperature  and 

35-40 atmospheres p ressure .  Cryogenic s e p a r a t i o n  of t h e  components i s  

achieved by c o o l i n g  t h e  mix ture  i n  s t a g e s  and performing s e v e r a l  f r a c t i o n a l  

d i s t i l l a t i o n s  of t h e  r e s u l t i n g  condensates.  

Cryogenic t r ea tment  i n v o l v e s  s t aged  c h i l l i n g  of t h e  p y r o l y s i s  gas  

by means of h e a t  exchange w i t h  b o i l i n g  r e f r i g e r a n t  and w i t h  co ld  p rocess  

s t reams  t h a t  have t o  be  vapor ized and /or  rehea ted .  Condensate forms a s  t h e  



gas temperature i s  reduced. Numerous process  v a r i a t i o n s  have been developed 

on t h e  sequence of condensate separa t ion ,  f r ac t iona t ion ,  and heat  exchange. 

Separation of pyro lys is  gas through condensation and f r ac t iona t ion  

a t  low temperatures involves ex t e rna l  r e f r i g e r a t i o n  from ambient temperatures t o  

l e s s  than - 1 0 0 ~ ~ .  Most p l a n t s  employ propylene and e thylene  a s  r e f r i g e r a n t s  

because they a r e  s u i t a b l e  and r e a d i l y  a v a i l a b l e  a t  t h e  p lan t .  

Energy requirements f o r  r e f r i g e r a n t  compression a r e  a l s o  a main 

source of power consumption, exceeding t h a t  of t h e  pyro lys is  gas compressors. 

For example, i n  t he  600,000 ton/year e thylene p l an t  noted i n  t he  previous 

sec t ions ,  seven r e f r i g e r a n t  l e v e l s  a r e  provided: t h r e e  on ethylene and four  

on propylene. Two ethylene and two propylene compressors a r e  i n s t a l l e d .  The 

two propylene compressors opera te  in  p a r a l l e l  while one ethylene compressor 

i s  i n  operat ion,  t he  second serving a s  a spare.  Each propylene compressor, 

dr iven by an extraction-condensing steam turb ine ,  has a r a t ed  input  of 17 

megawatts and an expected consumption of 15.45 megawatts f o r  product e thylene 

t o t a l l y  produced i n  t he  l i q u i d  phase. The ethylene compressor is driven 

by a condensing turb ine  and has a r a t i n g  of 6.47 megawatts. 

V.C.1.l.e Frac t iona t ion  

Frac t iona t ion  of t he  multicomponent mixture is  performed i n  a s e r i e s  

of d i s t i l l a t i o n  columns under cryogenic condit ions.  I n  one process ,  t h e  

pyro lys is  gas i s  moderately cooled and p a r t i a l l y  condensed, then f r ac t iona ted  

i n t o  a heavy and a l i g h t  f r ac t ion .  The heavy f r a c t i o n  is sent  t o  another 

column f o r  propane removal and the  l i g h t e r  f r a c t i o n ,  removed a s  a vapor stream, 

i s  f i r s t  reheated t o  improve the  ethylene y i e ld  and then cooled f o r  fu r the r  



condensation and separa t ion  i n t o  hydrogen, methane, and an ethylene-ethane 

f r ac t ion .  The l a t t e r  i s  f u r t h e r  f r ac t iona ted  i n t o  product e thylene and 

ethane i n  a "deethanizer", which is  a f r a c t i o n a t i n g  column wi th  80 t o  120 

t r a y s  and a r ecyc le  r a t i o  of 2.5 t o  4.0 depending on opera t ing  pressure  and 

product spec i f i ca t ion .  

V.C.1.1 .  f  Ethylene Storage 

3 
Ethylene has a bo i l i ng  point  of -104'~ and a l i q u i d  dens i ty  of 0.57 Kg/dm . 

Storage of commercial q u a n t i t i e s  i n  t he  gaseous phase a t  moderate pressures  is  

imprac t ica l ,  common p r a c t i c e  being t o  s t o r e  i t  e i t h e r  i n  t h e  l i q u i d  phase io 

r e f r i g e r a t e d  above-ground tanks o r  i n  t he  vapor phase a t  high pressure  i n  under- 

ground s a l t  domes o r  s imi l a r  r e se rvo i r s .  

Ethylene can be s tored  i n  t he  l i q u i d  phase a t  any temperature below 

0 
the  c r i t i c a l  one, which i s  9.2 C. P lan t  opera t iona l  holding s torage ,  when 

0 required,  is  normally provided i n  pressure  v e s s e l s  a t  -40 C and 13-15 atmospheres. 

Cyl indr ica l  tanks a r e  used f o r  small  c a p a c i t i e s ,  while ex t r a  holding s torage  

is  provided i n  double spheres i n  s i z e s  up t o  4000 cubic meters. 

Large volume reserve  o r  marine terminal  s torage  ves se l s  have c a p a c i t i e s  

on the  order  of 20-30,000 cubic meters and a r e  usua l ly  c y l i n d r i c a l ,  double- 

wal l  tanks a t  atmospheric pressure,  i . e .  with ethylene s tored  a t  i t s  normal 

0 
bo i l i ng  po in t ,  -104 C. The inner  tank can be made of s t a i n l e s s  s t e e l  o r  

aluminum and the  outer  one of carbon s t e e l  o r  concrete.  The space between 

the inner  and outer  tanks i s  f i l l e d  with granulated P e r l i t e  a s  i n su la t ion .  

Newer tanks have suspended roo f s  over the  inner  tank, with gas permeable foam 

g la s s  b lankets  i n  t h e  space between roof r i m  and inner  tank. Except f o r  the  



i n n e r  l i n e r  material, which may be of a lesser grade  f o r  e t h y l e n e  due t o  

its h igher  b o i l i n g  p o i n t ,  t a n k s  t o  hold  e t h y l e n e  and LNG a r e  a l i k e  and p r e s e n t  

i d e n t i c a l  des ign ,  o p e r a t i o n a l ,  and s a f e t y  problems. 

Rock-capped sal t  domes and caverns  ~ r o v i h e  l a r g e  (up t o  1500 mete r s  

deep) ,  h igh-pressure ,  leak-proof underground e t h y l e n e  r e s e r v o i r s  f o r  s t o r a g e  

of p roduc t ion  reserves t o  supply e t h y l e n e  p i p e l i n e  systems i n  t h e  U.S. and 

Europe. I n  t h e s e  systems, e t h y l e n e  i s  s t o r e d  f o r  t r a n s p o r t  a s  a  gas ,  and 

t h e r e f o r e  r e q u i r e s  l a r g e  r e s e r v o i r  volumes. Most of t h e  dome c a v i t i e s  a r e  

leached s p e c i f i c a l l y  f o r  s t o r a g e ,  bu t  some s t o r a g e  domes were  o r i g i n a l l y  c r e a t e d  

i n  t h e  p rocess  o f  o b t a i n i n g  b r i n e  f o r  chemical  p l a n t s .  S a l t  dome c a v i t y  

c o n s t r u c t i o n  r e q u i r e s  a  p l e n t i f u l  source  of water  f o r  t h e  l e a c h i n g  o p e r a t i o n  

and an environmental ly  a c c e p t a b l e  means of b r i n e  d i s p o s a l .  

V.C.1.2 Ethylene D e r i v a t i v e s  

Ethylene d e r i v a t i v e s  a r e  used f o r  p roduc t ion  o f  p l a s t i c s  (80%), a n t i -  

f r e e z e  ( l o % ) ,  f i b e r s  (5%), d e t e r g e n t s  and s o l v e n t s  (5%). Ethylene i s  a  prime 

raw m a t e r i a l  f o r  pet rochemicals  because of i t s  r e l a t i v e l y  low c o s t  a v a i l a b i l i t y  

and because i t  r e a c t s  w i t h  low c o s t  materials such a s  oxygen, c h l o r i n e ,  

hydrogen c h l o r i d e ,  and water  under r e l a t i v e l y  mild c o n d i t i o n s  and u s u a l l y  w i t h  

high y i e l d s .  

V.C.1.2.a Low and High Densi ty  Po lye thy lene  

About 55% of e t h y l e n e  demand is consumed i n  p roduc t ion  of po lye thy lene ,  

t h e  most e x t e n s i v e l y  used the rmoplas t i c .  Among t h e  advantages  of po lye thy lene  

a r e  t h e  r e l a t i v e  low c o s t  and e a s e  of p rocess ing ,  i t s  r e s i s t a n c e  t o  chemicals ,  

and i t s  f l e x i b i l i t y .  The two most widely used g rades  a r e  "low d e n s i t y "  



polye thy lene ,  LDPE, which h a s  branched polymer cha ins ,  and "high d e n s i t y "  

po lye thy lene ,  HDPE, which is predominantly l i n e a r .  LDPE is  more f l e x i b l e  

because of i ts  lower c r y s t a l l i n i t y ,  w h i l e  HDPE i s  more c l o s e l y  packed due t o  

t h e  absence of branches  and t h e r e f o r e  l e s s  permeable t o  gases.  LDPE i s  t h e  

h i g h e s t  volume the rmoplas t i c ,  w i t h  an  expected U.S. p roduc t ion  of 8.5 b i l l i o n  

pounds i n  1984, vs .  6 b i l l i o n  pounds of HDPE. 

The fo l lowing  o p e r a t i o n s  t a k e  p l a c e  i n  a commercial LDPE p l a n t :  

(a)  Ethylene compression. 

(b) I n i t i a t o r  p r e p a r a t i o n  and i n j e c t i o n .  

(c)  Polymerizat ion.  

(d)  Separa t ion  of polymer from unreacted e thy lene .  

( e )  Ex t rus ion  of polymer. 

(f) F i n i s h i n g  (product degass ing ,  b lending,  packing and b u l k  

s t o r a g e ) .  

The e t h y l e n e  f e e d s t o c k  is  compressed up t o  3,500 bar  w i t h  mul t i - s t age  

compressors,  which a r e  f i t t e d  w i t h  i n t e r s t a g e  c o o l e r s  t o  keep t h e  gas  temperature  

0 
below 110 C ,  i n  o r d e r  t o  prevent  premature  polymerizat ion.  Low temperature  

oxygen o r  a i r ,  made up i n  c a r r i e r  o i l ,  is  used a s  i n i t i a t o r  and i s  i n j e c t e d  

i n t o  t h e  high-pressure  e t h y l e n e  c i r c u i t  w i t h  a n  i n t e n s i f i e r  pump. The q u a n t i t y  

of i n i t i a t o r  r e q u i r e d  p e r  m e t r i c  ton  of LDPE v a r i e s  from 0.05 t o  2.0 Kg. 

Ethylene p a s s e s  i n t o  t h e  polymerizat ion r e a c t o r ,  where i t  i s  heated,  

and polymerizat ion commences i n  t h e  p resence  of t h e  i n i t i a t o r .  The r e a c t o r  

c o n s i s t s  of a s e r p e n t i n e  j acke ted  tube  made of N i / C r  s t e e l  and j acke ted  w i t h  

carbon s t e e l .  Polymerizat ion r a t e s  a r e  g e n e r a l l y  i n  t h e  range 20-25% convers ion 

per  pass.  The mix ture  of e t h y l e n e  and LDPE is then fed  t o  a two-stage 

s e p a r a t o r ,  where p r e s s u r e  drops ,  t empera tu re  r i s e s ,  and molten po lye thy lene  



separa tes  from the  gaseous ethylene,  which is boosted back i n t o  the  feed 

ethylene stream. The molten polymer is extruded, p e l l e t i z e d ,  and conveyed 

t o  the  f i n i s h i n g  sec t ion  by a water stream, which is  a l s o  used t o  c h i l l  t he  

p e l l e t s .  The p e l l e t s  a r e  then dewatered, screened and s tored  i n  s i l o s , ' f r o m  

where they a r e  dispatched e i t h e r  i n  bulk, o r  t o  t he  bagging p lan t .  

A low dens i ty  polyethylene p l an t  of about 160,000 t / a  output (associated 

with a 450,000 t / a  e thylene p lan t  based on ethane)  would requi re :  

e thylene 180,000 t / a  

cool ing water 80 - 160 k t /d  

i n s t a l l e d  e l e c t r i c i t y  25 - 35 MW 

e l e c t r i c i t y  consumed 1.3 - 2.0 MWh/t  

personnel 160 - 240 

land 5 - 20 ha 

The liquid-phase polymerization process f o r  high-density polyethylene 

production is ca r r i ed  out i n  a p a r a f f i n i c  o r  cyc loparaf f in ic  solvent  under 

low pressure.  Ethylene, c a t a l y s t  and so lvent  a r e  fed continuously t o  a 

0 
r eac to r  operat ing a t  125-175 C and 300-450 psig. The r eac to r  product is  a 

s l u r r y  of polymer p a r t i c l e s  i n  the  solvent .  Polymer is recovered by f l a sh ing  

off t he  solvent  and drying the  polymer, which is  then sen t  t o  a f i n i sh ing  and 

p e l l e t i z i n g  operation. The use of s m a l l  amounts of h igh-ac t iv i ty  c a t a l y s t s  

(such a s  chromium oxide on a sil ica-alumina support)  allows f o r  t he  e l imina t ion  

of the  c a t a l y s t  removal s t e p ,  a s  t he  small  amount of r e s idua l  c a t a l y s t  i n  

the  product does no t  a f f e c t  polymer proper t ies .  



For a h igh  d e n s i t y  po lye thy lene  p l a n t  of 60,000 t / a  o u t p u t ,  t h e  fo l lowing  

a r e  r e q u i r e d  : 

e t h y l e n e  70,000 t / a  e t h y l e n e  

energy consumption 0.6 - 1 M W h / t  

energy i n s t a l l e d  3 - 7 M W  

water  25 - 40 k t / d  

l and  5 - 1 0  ha 

personne l  140 - 240 

V.C.1.2.b Vinyl  Chlor ide  Monomer and PolyvinYl Chlor ide  

About 17% of e t h y l e n e  demand is  consumed i n  product ion of v i n y l  

c h l o r i d e  monomer (VCM), an i n t e r m e d i a t e  p roduc t ,  used f o r  t h e  manufacture of 

po lyv iny l  c h l o r i d e  (PVC). PVC is  ano ther  h i g h  volume t h e r m o p l a s t i c  d e r i v a t i v e  . 
of e t h y l e n e ,  w i t h  an expected U.S. p roduc t ion  of 7 b i l l i o n  pounds i n  1984. 

P ipe  of v a r i o u s  k inds  accounts  f o r  about 40% of  PVC consumption, and more than 

h a l f  t h e  PVC p i p e  market i s  a s s o c i a t e d  w i t h  housing c o n s t r u c t i o n ,  w i t h  

commercial c o n s t r u c t i o n  t a k i n g  most of t h e  remainder. F l e x i b l e  PVC grades  a r e  

used i n  i t ems  such a s  t a b l e c l o t h s ,  f u r n i t u r e ,  automobile u p h o l s t e r y ,  and 

c o a t i n g s  f o r  w i r e  and cab le .  

A schematic f low p l a n  f o r  t h e  balanced o x y c h l o r i n a t i o n  p rocess ,  used 

f o r  t h e  manufacture of v i n y l  c h l o r i d e  monomer, i s  shown i n  F igure  V.C-3. 

Ethylene and c h l o r i n e  a r e  fed t o  a d i r e c t  c h l o r i n a t i o n  r e a c t o r ,  where e t h y l e n e  

d i c h l o r i d e  (EDC) is  produced. The c rude  EDC is  combined w i t h  EDC produced i n  

t h e  o x y c h l o r i n a t i o n  s t e p  ( r e f e r  t o  F igure  V.C-3), and p u r i f i e d  t o  remove 

c h l o r i n a t e d  by-products, wa te r ,  l i g h t  components and t a r s .  The pure  EDC is  





V-31 

s e n t  t o  a  c rack ing  r e a c t o r  which produces v i n y l  c h l o r i d e  and hydrogen c h l o r i d e .  

A f r a c t i o n a t i o n  system i s  t h e n  used t o  recover  VCM, t o  r e c y c l e  t h e  unreacted 

EDC, and t o  send t h e  hydrogen c h l o r i d e  t o  t h e  o x y c h l o r i n a t i o n  r e a c t o r .  Here, 

e t h y l e n e  feed is r e a c t e d  w i t h  oxygen and hydrogen c h l o r i d e  t o  y i e l d  EDC, which 

is combined w i t h  t h e  product  of t h e  d i r e c t  c h l o r i n a t i o n  s t e p .  A d i f f e r e n t  

p r o c e s s  of VCM manufacture  u s e s  h igh-pur i ty  a c e t y l e n e  (C H ) and anhydrous 
2  2 

hydrogen c h l o r i d e  (HC1) a s  . r e a c t a n t s  . 
A v i n y l  c h l o r i d e  monomer p l a n t  producing 160,000 t / a  of VCM would 

r e q u i r e  : 

e t h y l e n e  80,000 t / a  

c h l o r i n e  96,000 t / a  which would be supp l ied  by 

p rocess ing  rock  sa l t  180,000 t / a  

u s i n g  e l e c t r i c i t y  200 - 400 kWh/t 

w i t h  i n s t a l l e d  power of 3 - 7 M W  

and would y i e l d  i n  a d d i t i o n  

c a u s t i c  soda 190,000 t / a  

carbon t e t r a - c h l o r i d e  10,000 t / a  

The p l a n t  would be  a b l e  t o  produce PVC from t h e  VCM i n  minimum t r a i n s  

of 50,000 t / a  and use  200 - 400 kWh/t w i t h  an i n s t a l l e d  power of 1 .2  t o  2.4 MW. 

Land a r e a  f o r  a  p l a n t  producing PVC from e t h y l e n e  on an  i n t e g r a t e d  

s i t e  w i t h  an  ou tpu t  of PVC of 150,000 t / a  would b e  about 25 h a  and employ 300 

t o  500 personnel .  150,000 - 240,000 t/d of water  f o r  c o o l i n g  would be r e q u i r e d ,  

which amount may be reduced by r e c i r c u l a t i o n .  



V.C.1.2.c Ethylene Oxide and Ethylene Glycol 

Ethylene ox ide  is  t h e  b a s i c  feeds tock  f o r  manufacture of a n t i f r e e z e  

(e thy lene  g l y c o l )  and p o l y e s t e r .  Ethylene ox ide  is manufactured by d i r e c t  

o x i d a t i o n  of e t h y l e n e  w i t h  h i g h  p u r i t y  oxygen. A schematic f low p l a n  f o r  

e thy lene  ox ide  p roduc t ion  is  shown i n  F igure  V.C-4. 

Make-up e thy lene ,  oxygen, and methane ( t h e  l a t t e r  a i d s  i n  c o n t r o l l i n g  

0 
t h e  o x i d a t i o n  r e a c t i o n )  a r e  heated t o  about 220 C and e n t e r  t h e  r e a c t o r  ( a t  

17.2 b a r ) ,  where o x i d a t i o n  t a k e s  p l a c e  i n  t h e  p resence  of a s i l v e r  c a t a l y s t .  

Ethylene convers ion t o  i t s  oxide i s  about 11% per  r e a c t o r  pass .  Carbon d i o x i d e ,  

wa te r ,  and some carbon monoxide a r e  t h e  by-products of t h e  r e a c t i o n .  The 

r e a c t o r  e f f l u e n t ,  a f t e r  coo l ing ,  i s  passed through an absorber ,  a d e s o r b e r ,  a 

s t r i p p e r ,  and f i n a l l y  e n t e r s  a p u r i f i c a t i o n  column, from where pure  e t h y l e n e  . 
. 

oxide  is  drawn o f f .  

Ethylene g l y c o l  is produced from e t h y l e n e  ox ide  by l iquid-phase  

a c i d c a t a l y z e d  hydra t ion .  Ethylene ox ide  and water a r e  r e a c t e d  a t  about 300 p s i g  

0 and 180 C i n  t h e  presence of s u l p h u r i c  a c i d  s o l u t i o n .  By s e l e c t i o n  of t h e  

oxide-to-water r a t i o ,  i t  i s  p o s s i b l e  t o  c o n t r o l  t h e  p roduc t ion  of t h e  mono-, d i - ,  

and h igher  g l y c o l s  produced. Reactor e f f l u e n t  i s  dehydrated i n  a mul t ip le -  

e f f e c t  evapora to r  system. The e f f l u e n t  from t h e  dehydra t ion  s e c t i o n  is  fed t o  

a s e r i e s  of f r a c t i o n a t o r s .  The f i r s t  tower removes water  and t r a c e s  of t h e  

l igh t -ends ,  t h e  second produces f ibe r -g rade  mono-ethylene g l y c o l ,  and t h e  

subsequent towers produce d i e t h y l e n e  and h igher  g l y c o l s .  A f low s h e e t  of t h i s  

p rocess  is shown i n  F igure  V.C-5. 
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PRODUCTION OF ETHYLENE GLYCOLS FROM ETHYLENE OXIDE 

Source :  U.S. Envi ronmenta l  P r o t e c t i o n  Agency, "Major Organ ic  P roduc t s " ,  
EPA-44011-74-009-a, 1974.  
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ETHYLBENZENE PRODUCTION 

Source :  U.S. Envi ronmenta l  P r o t e c t i o n  Agency, "Major Organ ic  P roduc t s " ,  
EPA-44011-74-009-a, 1974.  



V.C.1.2.d Ethylbenzene - Styrene  - Polys ty rene  

Po lys ty rene  is  a t h e r m o p l a s t i c  produced by po lymer iza t ion  of s t y r e n e ,  

which is made from an  e t h y l e n e  d e r i v a t i v e ,  e thylbenzene.  U.S. p roduc t ion  of 

p o l y s t y r e n e  w i l l  approach 4 b i l l i o n  pounds i n  1984. The major end uses  of 

p o l y s t y r e n e  a r e  packaging and c o n t a i n e r s ,  d i s p o s a b l e  f a s t  food c o n t a i n e r s ,  

a p p l i a n c e  p a r t s ,  and housewares. 

The m a j o r i t y  of e thylbenzene is  manufactured by t h e  a l k y l a t i o n  of 

benzene w i t h  e thy lene .  A p r o c e s s  f low s h e e t  is  shown i n  F igure  V.C-6. Ethylene 

and feed  benzene a r e  combined w i t h  r e c y c l e  benzene and polyaromat ics ,  heated 

t o  r e a c t o r  temperature ,  and in t roduced t o  t h e  a l k y l a t i o n  r e a c t o r .  The r e a c t o r  

e f f l u e n t  is  washed w i t h  c a u s t i c  s o l u t i o n  and wate r ,  and i s  passed t o  t h e  s e p a r a t i o n  

s e c t i o n .  Unreacted benzene i s  r e c y c l e d ,  e thylbenzene i s  drawn o f f  a s  t h e  

product ,  and p o l y e t h y l  benzenes a r e  recyc led  o r  drawn o f f  as was te  e f f l u e n t s .  

S ty rene  is produced by vapor-phase dehydrogenation of e thylbenzene 

over suppor ted z i n c  oxide ,  magnesium oxide,  and i r o n  ox ide  c a t a l y s t s .  Steam 

is used a s  t h e  d i l u e n t .  A schemat ic  f low p l a n  of s t y r e n e  manufacture i s  

shown i n  F igure  V.C-7. Feedstock e thylbenzene and superheated steam a r e  mixed 

i n  a dehydrogenation r e a c t o r ,  which o p e r a t e s  a t  about 60% ethylbenzene 

convers ion.  A f t e r  being condensed, t h e  r e a c t o r  e f f l u e n t  goes t o  a s e p a r a t o r ,  

where vapors  and water-phase components a r e  discharged from t h e  system. The 

o r g a n i c  dehydrogenated mixture  passes  t o  t h e  d i s t i l l a t i o n  s e c t i o n ,  where 

t h e  unreacted e thylbenzene i s  s e p a r a t e d  and recyc led .  D i s t i l l a t i o n  o p e r a t e s  

under vacuum t o  prevent  s t y r e n e  l o s s  due t o  polymerizat ion.  Subsequent 

c o n t r o l l e d  po lymer iza t ion  of s t y r e n e  produces po lys ty rene .  





A styrene/polystyrene p l an t  is  normally not  smaller  than 200,000 t / a  

i n  capac i ty ,  and requi res :  

e thylene 60,000 t / a  

benzene 160,000 t / a  

energy consumed 100 kW/t 

energy i n s t a l l e d  3 - 5 M W  

cooling water 10  k t /d  (may be reduced with recycl ing)  

land 5 - 20 ha 

personnel 60 - 180 

I n  add i t i on  f o r  polystyrene production of 100,000 t / a  add i t i ona l  

requirements a re :  

energy consumed 700 kWh/t of product 

i n s t a l l e d  power 5 MW 

cooling water 6,000 t / d  

land ' 5 - 10 ha 

personnel 160 - 180 

V.C.2 Propylene and Its Derivat ives  

Propylene is another important primary product of an o l e f i n  p l a n t ,  

and i s  used a s  feedstock f o r  the  production of var ious petrochemicals.  Typical 

end uses  of propylene a re :  

Acry lon i t r i l e  

Polypropylene 

0x0 a lcohols  

Propylene oxide 

Cumene 

Isopropanol 8 



V.C.2.1 Propylene Manufacture 

Propylene is produced e i t h e r  a s  a co-product o f  e t h y l e n e  manufacture 

(when f e e d s t o c k s  o t h e r  than  e thane  a l o n e  a r e  c racked) ,  o r  by dehydrogenation of 

propane. In t h e  hydrocarbon p y r o l y s i s  p rocess  which h a s  been desc r ibed  i n  

s e c t i o n  V . C . l . l ,  p ropylene i s  produced from t h e  overhead s t ream of t h e  de- 

p ropan ize r ,  a f t e r  a p a s s  through t h e  C s p l i t t e r ,  where propane and propylene 3 

a r e  separa ted .  

A f low s h e e t  of propylene manufacture by dehydrogenation of propane 

is  shown i n  F igure  V.C-8. The propane feed is preheated a g a i n s t  r e a c t o r  

e f f l u e n t ,  f u r t h e r  heated t o  r e a c t i o n  temperature  ( t y p i c a l l y  1 0 0 0 - 1 4 0 0 ~ ~ )  i n  a 

f i r e d  h e a t e r ,  and fed  t o  a system of  fixed-bed r e a c t o r s .  A f t e r  f o o l i n g ,  t h e  

r e a c t o r  e f f l u e n t  is compressed and s e n t  t o  an a b s o r b e r / s t r i p p e r  system f o r  t h e  

removal o f  f u e l  gases  from t h e  C product .  The product  s t ream can b e  processed 3 

f u r t h e r  t o  h igh  p u r i t y  propylene i f  necessary .  

V.C.2.2 A c r y l o n i t r i l e  

A c r y l o n i t r i l e ,  an i n t e r m e d i a t e  product  mainly used f o r  t h e  p roduc t ion  

of s y n t h e t i c  f i b r e s  ( a c r y l i c ) ,  accounts  f o r  about 22% of  t h e  propylene demand. 

A c r y l o n i t r i l e  is produced by t h e  propylene ammoxidation p r o c e s s  ( r e f e r  t o  

F igure  V. C-9). 

A mixture  of propylene,  ammonia and a i r  is  fed t o  a r e a c t o r ,  where 

0 
a c r y l o n i t r i l e  i s  formed a t  a temperature  of 420-460 C ,  under a p r e s s u r e  of 

about 14 p s i g ,  and i n  t h e  p resence  of a f l u i d  c a t a l y s t .  The major r e a c t i o n  

by-products a r e  hydrogen cyanide and a c e t o n i t r i l e .  The r e a c t o r  e f f l u e n t ,  

c o n t a i n i n g  p roduc t ,  by-products, unreacted f e e d ,  c a t a l y s t  f i n e s  and water formed 

dur ing t h e  r e a c t i o n ,  passes  through a s e r i e s  of columns, a b s o r b e r s ,  s t r i p p e r s  
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and s e p a r a t o r s  b e f o r e  p u r e  a c r y l o n i t r i l e  p roduc t  i s  drawn o f f .  E x t r a c t i v e  

d i s t i l l a t i o n  is  used t o  s e p a r a t e  a c r y l o n i t r i l e  and a c e t o n i t r i l e ,  a s  d i r e c t  

d i s t i l l a t i o n  i s  d i f f i c u l t  due t o  t h e  c l o s e n e s s  of t h e  b o i l i n g  p o i n t s  of t h e s e  

subs tances .  , 

V.C. 2 .3  Polypropylene 

Polypropylene is  a t h e r m o p l a s t i c  m a t e r i a l  produced by t h e  polymerizat ion 

of propylene,  and accounts  f o r  about  20% of t h e  'propylene demand. 

Pure  propylene (99.8 weight p e r c e n t )  t o g e t h e r  w i t h  a c a t a l y s t  s o l u t i o n ,  

on i n e r t  d i l u e n t  ( u s u a l l y  n-heptane), hydrogen ( fo r  molecular  weight c o n t r o l )  

and sometimes e t h y l e n e  ( t o  produce random o r  block copolymer) a r e  charged t o  

t h e  po lymer iza t ion  r e a c t o r s ,  where about 60% of t h e  propylene i s  conver ted t o  

polymer. Four p e r c e n t  of t h e  o n - s p e c i f i c a t i o n  polymer o u t p u t  i s  g t a c t i c  

polymer which must be removed. 

The r e a c t o r  e f f l u e n t  passes  through a f l a s h  tank,  where t h e  unreacted 

propylene is  i s o l a t e d  and recyc led  t o  t h e  r e a c t o r s .  The s l u r r y  from t h e  

f l a s h  tank,  c o n t a i n i n g  4 0  weight p e r c e n t  s o l i d s ,  is pumped t o  a c e n t r i f u g e  

feed t ank  and then  t o  bowl-type c e n t r i f u g e s ,  where heptane and a t a c t i c  polymer 

a r e  removed and f u r t h e r  processed,  w h i l e  polypropylene i s  taken a s  a cake. 

The polymer cake is  conveyed t o  t h e  d r y i n g  s e c t i o n  of t h e  p l a n t ,  and t h e n  t o  

t h e  f i n i s h i n g  a r e a ,  which c o n s i s t s  of powder s i l o s ,  e x t r u s i o n ,  p e l l e t i z i n g  and 

product  b lending,  s t o r a g e  and packaging. 

V.C.2.4 0x0 Alcohols  

The 0x0 process  is a broadly  a p p l i c a b l e  technology which is  used t o  

produce a ldehydes  which a r e  u s u a l l y  conver ted t o  t h e  corresponding a l c o h o l s .  



Two-ethylhexanol, produced from propylene v i a  n-butyraldehyde, i s  t h e  most 

important  0x0 chemical  i n  terms of  volume. A p r o c e s s  f low s h e e t  o f  2-ethylhexanol 

manufacturing is  shown i n  F igure  V.C-10. 

Carbon d i o x i d e ,  n a t u r a l  gas ,  and steam a r e  passed i n t o  a s y n t h e s i s  

gas  r e a c t o r  t o  produce water  gas  ( 1 : l  r a t i o  of H20 and CO), which is then  mixed 

w i t h  propylene i n  a l iquid-phase  r e a c t o r  i n  t h e  presence of a c o b a l t  s o l u t i o n .  

A l iqu id -gas  mix ture  of a ldehydes  and unreac ted  m a t e r i a l s  i s  taken  overhead 

from t h e  r e a c t o r ,  cooled,  and then separa ted  i n  s u c c e s s i v e  high- and low- 

p r e s s u r e  f l a s h i n g  s t a g e s ,  where unreacted s y n t h e s i s  gas  i s  recyc led  t o  t h e  0x0 

r e a c t o r .  The l i q u i d  product ,  c o n t a i n i n g  n-butyraldehyde, i so-butyraldehyde,  

and s o l v e n t ,  i s  separa ted  i n  two d i s t i l l a t i o n  columns. N-butyraldehyde i s  then 

s e n t  t o  a condensat ion r e a c t o r ,  where 2-ethylhexenal is  produced. The unreac ted  

a ldehyde is separa ted  from t h e  product  by d i s t i l l a t i o n  and i s  recyc led  t o  t h e  

condensat ion r e a c t o r .  

The 2-ethylhexenal i s  then hydrogenated t o  2-ethylhexanol i n  a 

p r e s s u r i z e d  r e a c t o r .  A f t e r  being washed w i t h  c a u s t i c  s o l u t i o n  and wate r ,  t h e  

r e a c t o r  e f f l u e n t  is s e n t  t o  a f r a c t i o n a t o r  t o  recover  t h e  product  2-ethylhexanol. 

V.C.3 Butadiene 

Butadiene i s  t h e  t h i r d  lower o l e f i n  produced i n  an o l e f i n  p l a n t .  It 

is d i r e c t l y  s u i t a b l e  f o r  feed t o  s y n t h e t i c  rubber  i n d u s t r i e s ,  t h e  end p roduc t s  

being t h e  e las tomers  polybutadiene (BR) and s tyrene-butadiene (SBR) rubbers .  

Butadiene is  produced e i t h e r  a s  a co-product of e t h y l e n e  manufacture,  o r  by 

dehydrogenation of C4 hydrocarbons,  such as  n-butane o r  bu ty lenes .  





The mixed C s t ream from t h e  e t h y l e n e  u n i t  ( r e f e r  t o  F igure  V.C-2) 4 
0 is  vapor ized,  combined w i t h  hydrogen, hea ted  t o  450 F, and passed over t h e  

C a c e t y l e n e  removal c a t a l y s t ,  which causes  t h e  convers ion of v i n y l  and e t h y l  4 

a c e t y l e n e s  mainly t o  butenes.  The e f f l u e n t  vapor i s  cooled and passed i n t o  

an e x t r a c t  tower where t h e  mix ture  is  con tac ted  w i t h  an aqueous a c e t o n i t r i l e  

s o l u t i o n .  The butadiene is  s e l e c t i v e l y  e x t r a c t e d  from t h e  bu tenes  and bu tanes  

which a r e  removed overhead. They a r e  washed t o  recover  t h e  s o l v e n t .  The 

crude bu tad iene  is  f e d  t o  a t a i l i n g  column where heavy ends a r e  f r a c t i o n a t e d  

from t h e  product ,  which i s  taken overhead and is  99.5 weight pe rcen t  butadiene.  

For an  o l e f i n  p l a n t  producing 65,000 t / a  bu tad iene  (along w i t h  a 

450,000 t / a  e t h y l e n e  o u t p u t ) ,  t h e  bu tad iene  e x t r a c t i o n  from t h e  cracked gases ,  

would r e q u i r e  p e r  ton of product :  

Steam, 50 p s i g  0.5 t 

200 p s i g  1.55 t 

Cooling water  ( 2 5 ' ~  r i s e )  75 t 

Power 1 5  Kwh 

The one-step c a t a l y t i c  dehydrogenation of n-butane i s  ano ther  p rocess  

of bu tad iene  manufacturing ( r e f e r  t o  F igure  V.C-11). The make-up n-butane, 

and recyc led  butane and butenes  a r e  fed i n t o  a b a t t e r y  of fixed-bed r e a c t o r s ,  

where dehydrogenation t a k e s  p l a c e  under vacuum and i n  t h e  presence of s o l i d  

chromium-on-alumina c a t a l y s t .  The r e a c t o r  e f f l u e n t  i s  oil-quenched, compressed, 

and s e n t  t o  an a b s o r p t i o n  column, where hydrocarbon vapor i s  absorbed w i t h  

l i g h t  o i l .  The e f f l u e n t  from t h e  absorber  i s  then  passed through a s e r i e s  of 

d i s t i l l a t i o n s ,  where unreacted butane and bu tene  a r e  separa ted  f o r  r e c y c l e  t o  

t h e  dehydrogenation r e a c t o r s .  Butadiene i s  s e p a r a t e d  from t h e  butene s p l i t t e r  

overhead by e x t r a c t i v e  d i s t i l l a t i o n  wi th  f u r f u r a l  o r  cuprous ammonium a c e t a t e  

(CAA) e x t r a c t i o n .  





V.C.4 Benzene, Toluene and Xylene (BTX) Aromatics 

A mixture  of BTX aromat ics  and s a t u r a t e s  may be ob ta ined  from an 

o l e f i n  p l a n t  a s  a by-product of e t h y l e n e  manufacture  (by p y r o l y s i s  of nap tha  

feeds tocks ) .  Th i s  mix ture  must f i r s t  be s t a b i l i z e d  by h y d r o t r e a t i n g  p r i o r  

t o  t h e  recovery of BTX aromat ics  by s o l v e n t  e x t r a c t i o n .  A schemat ic  f low 

p lan  of t h i s  p rocess  is shown i n  F igure  V.C-12. 

The f e e d s t o c k  ( p y r o l y s i s  g a s o l i n e  from t h e  e t h y l e n e  p l a n t )  is  pre- 

heated and passed through a s e r i e s  of h y d r o t r e a t i n g  r e a c t o r s  c o n t a i n i n g  

pla t inum c a t a l y s t .  The r e a c t o r  e f f l u e n t  is cooled and then  discharged i n t o  

a s e p a r a t o r ,  where t h e  gas stream taken  o v e r h e a d - i s  r ecyc led  back t o  t h e  

r e a c t o r  a f t e r  being scrubbed w i t h  c a u s t i c  s o l u t i o n .  The l i q u i d  phase from 

t h e  r e a c t o r  is passed through a c o a l e s c e r  (where water  is  used t o  t r a p  coke 

p a r t i c i l e s  formed i n  t h e  p y r o l y s i s  r e a c t o r ) ,  and a s t a b i l i z e r  (where l i g h t  

hydrocarbons a r e  removed). 

The s t a b i l i z e d  l i q u i d  is  then e x t r a c t e d  w i t h  a s o l v e n t  (di-  and tri- 

e t h y l e n e  g l y c o l )  t o  recover  t h e  a romat ics ,  and t h e  r a f f i n a t e  (con ta in ing  

p a r a f f i n s )  i s  s e n t  t o  a c rack ing  f u r n a c e  t o  produce o l e f i n s .  The d i s s o l v e d  

a romat ics  (BTX) a r e  s e p a r a t e d  from t h e  s o l v e n t  by d i s t i l l a t i o n ,  and t h e  so lven t -  

f r e e  a romat ics  a r e  water washed and s e n t  t o  t h e  f r a c t i o n a t i o n  u n i t .  E s s e n t i a l l y  

100% of t h e  benzene and t o l u e n e  a r e  recovered i n  t h e  e x t r a c t  a long wi th  95% 

of t h e  xylenes .  The o t h e r  5% of t h e  C8 aromat ics  remains i n  t h e  r a f f i n a t e .  

The e x t r a c t  i s  f i r s t  passed through a c l a y  t r e a t e r  t o  remove t r a c e  

o l e f i n s ,  and then  f r a c t i o n a t e d  i n  a tower system t o  produce h i g h  p u r i t y  benzene 

and t o l u e n e ,  and a mixed xylenes  stream. 
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The BTX e x t r a c t i o n  and f r a c t i o n a t i o n  u n i t s  t o g e t h e r  r e q u i r e  t h e  

fol lowing per  t o n  of feed :  

Steam, 200 p s i g  0.88 t 

Fue l  0.13 MM BTU 

Cooling water  4600 g a l s .  

Power 9.3 Kwh 

Benzene is  t h e  most important  aromat ic .  Its p r e v a i l i n g  d e r i v a t i v e s  

a r e  e thylbenzene used f o r  s t y r e n e  manufacture ( r e f e r  t o  s e c t i o n  V.C.1.2.d), 

and cyclohexane used f o r  s y n t h e t i c  f i b r e  (nylon) manufacture.  Cyclohexane is  

produced by hydrogenation of benzene ( see  F igure  V.C-13). 

Benzene is combined w i t h  make-up and r e c y c l e  hydrogen, preheated t o  

r e a c t i o n  temperature ,  and fed i n t o  t h e  r e a c t o r ,  where hydrogenat ion t a k e s  

p l a c e  i n  t h e  presence of n icke lpa l l ad ium o r  pla t inum c a t a l y s t .  The r e a c t i o n  

e f f l u e n t  i s  cooled and f l a s h e d .  P a r t  of t h e  vapor i s  used a s  r e c y c l e  hydrogen, 

whi le  t h e  forward-flow ven t  gas  is  c h i l l e d  by r e f r i g e r a t i o n  t o  minimize 

cyclohexane l o s s e s  and is  a v a i l a b l e  a s  h igh-pressure  f u e l  gas.  The separa ted  

l i q u i d  i s  s e n t  t o  a column where t h e  l igh t -end  i m p u r i t i e s  a r e  t aken  overhead. 





V.D Environmental Impact* 

The gaseous emissions and the liquid effluents are of equal importance 

in a petrochemical complex, and the discharges must be controlled in order to 

avoid environmental damage. A combination of in-plant control, at-source 

pretreatment, and end-of-pipe technology can usually be effective in achieving 

reduction of these discharges to acceptable levels. 

It is difficult to categorize gaseous emission sources on the basis 

of petrochemical operations, since many of them are common throughout the plant. 

For purposes of emissions control, the petrochemical~complex should be con- 

sidered as an integrated system of storage facilities, process heaters, cooling 

equipment, pumps, valves and other units and operations. 

Sulphur oxides, nitrogen oxides, hydrocarbons, carbon monoxide and 

odor are the gaseous emissions of greatest concern. Dusts, and other substances 

coming from catalyst regenerators may also be present but are usually of lesser 

importance. 

Hydrocarbon emissions originate principally from storage facilities, 

pumps and valves, compressors, cooling towers and process heaters. These 

emissions can, in most instances be collected by vapor recovery systems or 

ventilating systems and eliminated by burning through elevated flares, using 

steam ejection. 

Sulphur oxides originate from boilers and process heaters; nitrogen 

oxides from process heaters, compressors and flares; carbon monoxide from 

"Source: "Environmental Guidelines", The World Bank, Office of Environmental 
A£ fairs, 1984. 



catalyst regenerators; and odors from treating units and tank vents. The 

use of waste heat boilers on catalyst regenerators, smokeless flares, and 

sulphur-recovery systems may reduce emission discharges. 

The wastewater flows and characteristics of petrochemical plant 

effluents can vary considerably according to the type of operations. The 

followtng are the pollution parameters of major significance in this industry: 

5-day Biochemical Oxygen Demand (BOD5) ; Chemical Oxygen Demand (COD) ; Total 

Organic Carbon (TOC); Total Suspended Solids (TSS); Oils and Greases (01~); 

Phenolic Compounds; Ammonia Nitrogen; Sulphides; Total Chromium; Hexavalent 

Chromium; and Hydrogen Ion Concentration (pH). 

Recycling systems that use water more than once for the same purpose, 

and the reuse of water from one process to another can greatly reduce the 

volume of final effluents . Good housekeeping will further reduce waste flows. 

Examples are minimizing waste when sampling product lines, applying effective 

maintenance in order to keep the equipment as leakproof as possible, 

and providing individual disposal for waste streams having special characteristics. 

Major at-source pretreatment measures include stripping of sour 

waters, and neutralization and oxidation of spent caustics. End-of-pipe 

control technology relies most heavily on a combination of flow equalization 

and biological treatment methods, such as dissolved air flotation, oxidation 

ponds, trickling filters, activated sludge, granular media filters, and 

activated carbon. The selection of the most appropriate techniques depends 

upon the volume and characteristics of the wastes, availability of land 

areas and other factors. Sludges produced from biological treatment may be 

disposed of by land-filling, land farming or incineration. 
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V.E T r a n s p o r t a t i o n  of Pe t rochemica l s  

It is  p o s s i b l e  t o  i d e n t i f y  two d i s t i n c t  t y p e s  of pet rochemical  

t r a d e  flows: d i s t r i b u t i v e  and ba lanc ing  movements. D i s t r i b u t i v e  t r a d e s  invo lve  

t h e  movement of a v a r i e t y  of p roduc t s  from a p rocess ing  p l a n t i a r e a  t o  t h e i r  

f i n a l  market. Balancing t r a d e s  emerge when a divergence e x i s t s  between t h e  

supply and demand of a product  i n  a g iven l o c a l i t y .  The major d i f f e r e n c e  

between t h e s e  two types  of t r a d e  is t h a t ,  whi le  d i s t r i b u t i v e  t r a d e s  invo lve  

a l a r g e  number of p roduc t s  moving a t  f requen t  i n t e r v a l s  i n  r e l a t i v e l y  s m a l l  

volumes over  r e l a t i v e l y  s m a l l  d i s t a n c e s ,  ba lanc ing  movements tend t o  be 

r e l a t i v e l y  l a r g e  volumes of a few i n t e r m e d i a t e  products  between t h e  main 

producing a r e a s  (US, Japan and Western Europe). 

Many a l t e r n a t i v e  modes of t r a n s p o r t  ( t r u c k ,  r a i l ,  s h i p ,  p i p e l i n e )  a r e  

a v a i l a b l e  f o r  t h e  d i s t r i b u t i v e  t r a d e ,  a s  s m a l l  d i s t a n c e s  a r e  u s u a l l y  involved.  

Ethylene is one of t h e  most commonly t r a d e d  products .  P i p e l i n e  t r a n s p o r t  of 

e t h y l e n e  i s  made in t h e  vapor phase,  whi le  r a i l ,  t r u c k ,  and s h i p  t r a n s p o r t  i s  

designed f o r  l i q u i d  hand l ing  a t  - 1 0 4 ' ~  under a p r e s s u r e  s l i g h t l y  h igher  than  

atmospheric.  

A t r u c k - t r a i l e r  u n i t  t y p i c a l l y  h a s  a l i g h t  weight of  about 15 t o n s  

and can c a r r y  20 tons  of l i q u i d  e thy lene .  Maxinum tank  o p e r a t i n g  p r e s s u r e  i n  

t h e s e  u n i t s  is  3-4 atmospheres gauge. R a i l  t ank  c a r s  capab le  of  c a r r y i n g  

e t h y l e n e  t y p i c a l l y  weigh 50-55 tons  and c a r r y  about 65 tons  of product  l i q u i d .  

S i n g l e  r a i l  t a n k e r s  a r e  n o t  compet i t ive  w i t h  road t a n k e r s  over  s h o r t  d i s t a n c e s  

because of t h e i r  r e l a t i v e l y  slow speed,  but  u n i t  t r a i n s  compare favorab ly  w i t h  

road t r a n s p o r t  over  longer  d i s t a n c e s ,  up t o  about 1200 Km. A 20-car t r a i n  

could move up t o  36,500 tons /year  over  1200 Km. 



Ocean c a r r i a g e  of e t h y l e n e  i s  performed by s p e c i a l i z e d  t a n k e r s ,  

which have c a p a c i t i e s  va ry ing  from a  few hundred up t o  36,000 cu m y  and a r e  

capab le  of c a r r y i n g  e t h y l e n e  a t  a tempera tu re  of - 1 0 4 ~ ~ .  

P i p e l i n e  conveyance accounts  f o r  much l a r g e r  e t h y l e n e  volumes than 

t h e  o t h e r  t r a n s p o r t  modes combined. Ex tens ive  e t h y l e n e  p i p e l i n e  g r i d s  have 

been e s t a b l i s h e d  i n  Europe and t h e  U.S. i n  r e g i o n s  w i t h  r e l a t i v e l y  h i g h  con- 

c e n t r a t i o n s  of producer ,  consumer, and producer-consumer p l a n t s .  I n  Texas,  a  

group of over  f i f t y  manufacturing,  consumer, and s t o r a g e  i n s t a l l a t i o n s  i s  

connected t o  a  s i n g l e  g r i d .  T o t a l  s t o r a g e  c a p a c i t y  a v a i l a b l e  t o  t h i s  e t h y l e n e  

network exceeds 3 m i l l i o n  cub ic  meters .  There a r e  a l s o  numerous systems 

c o n s i s t i n g  of a  p i p e l i n e  t h a t  connec t s  a  s i n g l e  producer w i t h  a  consumer 

l o c a t e d  a  few hundred k i l o m e t e r s  d i s t a n t .  For example, a  125-Km long ,  150-mm 

diameter  p i p e l i n e  connects  a  producer a t  Fawley, England w i t h  ICI'S' Severnside  

e t h y l e n e  ox ide  and g l y c o l  p l a n t ,  p rov id ing  a  c a p a c i t y  of 72,000 tons /year .  

For economical t r a n s p o r t a t i o n  over  long p i p e l i n e  d i s t a n c e s ,  e t h y l e n e  

must be t r a n s m i t t e d  i n  t h e  vapor phase and p r e f e r a b l y  a t  s u p e r c r i t i c a l  

p r e s s u r e ,  where t r a n s p o r t  c a p a c i t y  is  s e v e r a l  t imes  t h a t  of a  s u b c r i t i c a l  

l i n e  f o r  t h e  same p r e s s u r e  g r a d i e n t .  S u p e r c r i t i c a l  l i n e s  o p e r a t e  a t  about 

53-97 atmospheres p r e s s u r e ,  2  t o  20°c, and a  d e n s i t y  of 400 t o  200 kg/cubic  

meter.  A 100-Km l i n e  w i t h  a  250-mm diameter  and e t h y l e n e  a t  loOc has  a  super- 

c r i t i c a l  c a p a c i t y  of 400,000 tons /year  w i t h  an i n i t i a l  p r e s s u r e  of 60 
i 

atmospheres and a  l i n e  t e r m i n a l  p r e s s u r e  of about 50 atmospheres. 

The ba lanc ing  t r a d e ,  on t h e  o t h e r  hand, occurs  mainly between t h e  

pet rochemical  producing c o u n t r i e s ,  and c a r r i a g e  by s h i p s  is t h e  only  t r a n s p o r t a t i o n  

mode a v a i l a b l e .  Undersea p i p e l i n e s  have been i n s t a l l e d  i n  some c a s e s ,  but  

they  a r e  e x c l u s i v e l y  used f o r  n a t u r a l  gas  t r a n s p o r t .  



V.E.l L iquef ied  Petrochemical  Gases 

The p h y s i c a l  and chemical  p r o p e r t i e s  of t h e  v a r i o u s  pet rochemical  

p roduc t s  i s  t h e  main f a c t o r  determining t h e  t y p e  of s h i p s  employed. 

Gases such  as e thane ,  propane, butane,  e t h y l e n e ,  propylene,  bu tad iene ,  

ammonia and v i n y l  c h l o r i d e  a r e  shipped i n  l i q u i d  phase by s p e c i a l i z e d  c a r r i e r s .  

F igure  V.E-1 shows t h e  t empera tu re /p ressure  r e l a t i o n s h i p s  r e q u i r e d  f o r  

l i q u e f a c t i o n  of such g a s e s ,  whi le  t h e  c a r r i a g e  c o n d i t i o n s  of t h e s e  cargoes  

a r e  i d e n t i f i e d  i n  Table V.E-1. 

L iquef ied  pet rochemical  gases  a r e  c a r r i e d  by v e s s e l s  which a r e  provided 

w i t h  a r e f r i g e r a t i o n  u n i t  f o r  r e l i q u e f a c t i o n  of t h e  bo i l -o f f  dur ing  t r a n s i t  

and w h i l e  i n  p o r t  because t h e  ca rgo  v a l u e  w a r r a n t s  recovery r a t h e r  than  v e n t i n g  

o f f .  A f u l l  complement of s p a r e  p a r t s  must be c a r r i e d  as r e f r i g e r a t i o n  i s  

v i t a l  t o  t h e  c a r r i e r ' s  opera t ion .  In  a d d i t i o n  t o  t h e  r e f r i g e r a t i o n  compressors,  

t h e s e  v e s s e l s  a r e  equipped w i t h  an  i n e r t  gas  genera to r  and load  v a p o r i z e r  a s  

w e l l  a s  a h igh-capaci ty ,  low-head compressor t o  r e t u r n  displacement  vapors  

generated dur ing  loading.  

While t h e r e  i s  some f l e x i b i l i t y  of use  of l i q u e f i e d  petroleum gas  

c a r r i e r s  (LPG), t h e  p r e s s u r e / t e r m p e r a t u r e  and c o r r o s i v e  c h a r a c t e r i s t i c s  of 

pet rochemicals  have t o  be matched t o  t h e  v e s s e l  c h a r a c t e r i s t i c s .  

. 
The s i z e s  of s h i p s  engaged i n  l i q u e f i e d  pet rochemical  t r a d e  range 

widely b u t ,  t y p i c a l l y ,  energy c a r r y i n g  s h i p s  a r e  of l a r g e r  s i z e  w i t h  LPG 

c a r r i e r s  (propane and butane)  up t o  130,000 cu m. Pet rochemical  c a r r i e r s  

range from a few hundred cu m c a p a c i t y  t o  36,000 cu m f o r  e thy lene .  



FIGURE V.E-1 

TEMPERATURE/PRESSURE RELATIONSHIPS FOR SELECTED LIQUEFIED GASES 

Source: Clarkson's Liquefied Gas Carrier Register. 



TABLE V.E-1 

CARRIAGE CONDITIONS FOR SELECTED SHIP-BORNE LIQUEFIED GASES 

Properties of Cargoes at Proposed Carriage Conditions 
Norr-The m thrs table refa to tlpd g w l ~ t m  d g n  I i W y  to k uamuatmd m nruruue cndc. Thq  
m .Irr)r l u b k  to 1-8 to tk punw of any puucuLv cup. 

I -- ----- 
c m  1 i t  Y'T~ '"04 1" 104 la 

Clrrlage Prrasure I lbflmJ Abr / 14.7 , 14; I , I 4 4 14.7 14.i 8 147 

Lower caplor~ve l ~ m t  to uppr ex~ laarc  lunli at aulm8phnrc preuurc In air. 

Source: Clarkson's Liquefied Gas Car r ie r  Regis ter .  



V.E.2 Liquid  Pe t rochemica l s  

Liquid  pe t rochemica l s  are c a r r i e d  i n  "chemical tankers" ,  which a r e  

v e s s e l s  of g r e a t e r  s o p h i s t i c a t i o n  t h a n  conven t iona l  pet roleum product  t ankers .  

The term "parce l  tanker"  is o f t e n  used i n  a  narrower s e n s e  t o  d e s c r i b e  t h e  

most h i g h l y  s o p h i s t i c a t e d  s h i p s  des igned f o r  c a r r y i n g  s m a l l  l i q u i d  ca rgo  

l o t s ,  w i t h  a minimum s i z e  of about 500 t o n s ,  on a  worldwide l i n e r - t y p e  s e r v i c e  

on an e s t a b l i s h e d  framework of r o u t e s .  These s h i p s  a r e  c h a r a c t e r i z e d  by: a  

l a r g e  number of t a n k s  ( o f t e n  as many a s  40 o r  50) ,  u s u a l l y  i n  a  combination of 

s t a i n l e s s  s t e e l  t a n k s  and coated t anks ;  a  s e p a r a t e  pump and l o a d i n g l d i s c h a r g e  

l i n e  f o r  almost w e r y  t ank ;  and by double  s k i n l d o u b l e  bottom c o n s t r u c t i o n .  

Simpler s h i p s  have less s o p h i s t i c a t e d  cargo handl ing systems and can accommodate 

fewer ca rgo  grades .  

Table  V.E-2 shows t h e  growth of t h e  chemical  t anker  f l e e t  d u r i n g  t h e  

l a s t  decade,  whi le  t h e  s i z e ,  type  and age  d i s t r i b u t i o n  o f  chemical  c a r r i e r s  is 

presen ted  i n  Table  V.E-3. A t  t h e  end of 1982 t h e  f l e e t  of l a r g e  chemical  

t a n k e r s  (minimum s i z e  10,000 DWT) amounted t o  275 v e s s e l s  t o t a l l i n g  7.0 m i l l i o n  

DWT. Th i s  volume of tonnage r e p r e s e n t s  a  c o n s i d e r a b l e  i n c r e a s e  i n  t h e  f l e e t  

s i n c e  t h e  e a r l y  1970s. The l a r g e s t  chemical  c a r r i e r  has  a  c a p a c i t y  of 39,000 DWT. 

Almost a l l  such v e s s e l s  a r e  now c e r t i f i e d  under t h e  IMO Bulk Chemicals 

Code, a s  Ships  of Type 1, 2 o r  3. Table V.E-5 a t  t h e  end of t h i s  s e c t i o n  

p r e s e n t s  t h e  p r o v i s i o n s  of t h e  Code, cover ing  Ship Type requirements .  I n  

a d d i t i o n ,  according t o  MARPOL Annex 11, noxious l i q u i d  subs tances  a r e  d iv ided  

i n t o  f o u r  p o l l u t i o n  c a t e g o r i e s  ( r e f e r  t o  Table  V.E-6 a t  t h e  end of t h i s  s e c t i o n ) .  

The most commonly t raded  l i q u i d  pe t rochemica l s ,  t h e i r  p o l l u t i o n  ca tegory  and 

t h e  r e q u i r e d  IMO Ship Type a r e  p resen ted  i n  Table  V.E-4. It can be  seen from 

t h i s  t a b l e  t h a t  a  s h i p  of Type 2  i s  capab le  of c a r r y i n g  any l i q u i d  pet rochemical .  



TABLE V. E-2 

THE CHEMICAL TANKER FLEET 1973-1982 

I t  Source: H.P. Drevry Ltd. ,  The Chemical C a r r i e r  ~ r a d e s " ,  London, 1983. 

1973 

1976 

1980 

1982 

NO. OF SHIPS 

123 

167 

219 

275 

MILLION DWT 

2.7 

3.9 

5.4 
7.0 



TABLE V .  E-3 

THE CHEMICAL TANKER FLEET BY SIZE,  TYPE AND AGE 
(end-1982 e x i s t i n g  f l e e t )  

SS - vessels known to have some stainless steel cargo tanks 
C vessels with coated cargo tanks and vessels for which tank type is not known 

Source: H . P .  Drewry Ltd . ,  "The Chemical Carrier Trades", London, 1983. 

YEAR OF BUILD 

TYPE AND DWT 

10-14.999 

SS 

C 

15-19.999 

SS 

C 

20-24.999 

SS 

C 

25-29.999 

SS 

C 

30-34.999 

SS 

C 

35 ,OOO+ 

SS 

C 

TOTAL FLEET 

S S 

C 

TOTAL 

PRE-1968 

NO. '000 DWT 

2 28.8 

3 42.6 

5 71.4 

- 
1 1  195.8 

1 1  195.8 

4 90.4 

2 2 468.0 

2 6 558.4 

- 
4 110.9 

4 110.9 

- 
1 34.3 

1 34.3 

- 
4 191.3 

4 191.3 

6 119.2 

45 1,042.9 

51 1.162.121 

TOTAL 

NO. '000 DWT 

8 96.3 

34 426.6 

42 522.9 

5 92.4 

28 489.8 

33 582.2 

17 391.6 

44 977.5 

61 1,369.1 

25 677.4 

25 711.7 

50 1,389.1 

19 612.9 

36 1,167.9 

55 1,780.8 

9 340.4 

25 1,032.9 

34 1,373.3 

83 2,211.0 

192 4,806.4 

7,017.4 

1968-70 

NO. '000 DWT 

1 10.6 

1 14.0 

2 24.6 

4 73.7 

4 71.8 

8 145.5 

2 43.4 

5 119.4 

7 162.8 

- - 
2 50.2 

2 50.2 

- - 
1 32.7 

1 32.7 

- - 
1 36.5 

1 36.5 

7 127.7 

14 324.6 

452.3 

1980-82 

NO. '000 DWT 

5 56.9 

12 138.3 

17 195.2 

1 18.7 

11 189.9 

12 208.6 

4 92.1 

6 131.4 

10 233.5 

- - 
10 291.5 

10 291.5 

5 168.6 

8 256.8 

13 425.4 

5 189.4 

15 600.7 

20 790.1 

20 '525.7 

62 1,608.6 

2,134.3275 

1971-73 

NO. '000 DWT 

- 
2 21.4 

2 21.4 

- 
- 
- 

3 73.4 

6 145.0 

9 218.4 

6 151.9 

6 169.2 

12 321.1 

- 
5 164.0 

5 164.0 

- 
1 35.2 

1 35.2 

9 225.3 

20 534.8 

29 760.155 

1974-76 

NO. '000 DWT 

I 

- 
14 182.5 

14 182.5 

- 
- 

- - 

2 46.9 
- - 

2 46.9 

12 326.7 

3 89.9 

15 416.6 

7 220.8 

15 486.0 

22 706.8 

- 
2 74.4 

2 74.4 

21 594.4 

34 832.8 

1,427.237 

1977-79 

NO. '000 DWT 

2 27.8 

2 27.8 

2 32.3 

2 32.3 

2 45.4 

5 113.7 

7 159.1 

7 198.8 
- - 
7 198.8 

7 223.5 

6 194.1 

13 417.6 

4 151.0 

2 94.8 

6 245.8 

20 618.7 

1 7  462.7 

1,081.482 



TABLE V.E-4 

POLLUTION POTENTIAL OF MAJOR LIQUID PETROCHEMICALS 

N.B. The chemicals listed above which are required to be carried in an 

IMO-standard ship have all been allocated to integral gravity 

tanks by IMO. 

SUBSTANCE 

Acetone 

Isopropylbenzene (cumene) 

Ethylbenzene 

Ethylene glycol 

Propylene glycol 

Ethylene dichloride 

Perchloroethylene 

Cyclohexane 

Ethyl alcohol (ethanol) 

Methyl alcohol (methanol) 

Propyl alcohol (propanol) 

Butyl alcohol (butanol) 

Pheno 1 

Styrene monomer 

Dodecylbenzene 

Benzene 

Toluene 

Xy lened 

S o u r c e :  H.P. Drewry Ltd.,   he C h e m i c a l  C a r r i e r  ~ r a d e s " ,  London,  1983. 

IMO SHIP TYPE 

- 
- 
- 
- 
- 
2 
- 
- 
- 
- 
- 
- 
2 

3 
- 
3 
- 
- 

POLLUTION CATEGORY 

D 
C 
C 
- 
- 
B . .  

B 

C 
- 
- 
- 
- 
B 

C 

C 

C 

C 

C 

* 



V. E. 3 S o l i d  Petrochemicals  

Rock sa l t  impor t s ,  i f  r e q u i r e d  f o r  VCM product ion,  would be  i n  b u l k  

c a r r i e r s ,  t h e  s i z e  depending on r o u t e  and economic c o n s i d e r a t i o n s .  

Low d e n s i t y  and h i g h  d e n s i t y  po lye thy lene ,  PVC and t h e  s t y r e n e  

d e r i v a t i v e s  a r e  i n  s o l i d  form and shipment is  u s u a l l y  in bags. Bulk shipment 

is  a l s o  p o s s i b l e  but  because  of demand o r i e n t a t i o n  of t h e s e  downstream com- 

m o d i t i e s ,  i n l a n d  t r a n s p o r t a t i o n  o f t e n  is  of such s i g n i f i c a n c e  t h a t  bu lk  e x p o r t s  

a r e  n o t  j u s t i f i e d .  

I I 



TABLE V.E-5 

SHIP TYPE REQUIREMENTS ACCORDING TO THE IMO BULK CHEMICALS CODE 

The IMO Code l a y s  down t h e  c o n s t r u c t i o n a l  f e a t u r e s  f o r  t h r e e  c l a s s e s  of 

t a n k e r ,  and t h e  equipment t h e y  should c a r r y  w i t h  regard  t o  t h e  n a t u r e  of 

t h e  p roduc t s  involved.  The t h r e e  IMO Ship Types are r e l a t e d  t o  t h e  hazards  

of t h e  v a r i o u s  chemicals covered by t h e  Code. Each Ship Type is def ined  by t h e  

a b i l i t y  of a s h i p  t o  s u r v i v e  t o  a  s p e c i f i e d  degree  assumed damage c o n d i t i o n s  

r e s u l t i n g  from c o l l i s i o n  o r  s t r a n d i n g .  The t h r e e  Ship Types e s t a b l i s h e d  under 

t h e  Code cover t h r e e  degrees  of p h y s i c a l  p r o t e c t i o n .  The h i g h e s t  l e v e l . -  

Type 1 - is  requ i red  " fo r  subs tances  considered t o  have t h e  g r e a t e s t  environ- 

mental  hazard", and t h e r e  a r e  reduced l e v e l s  of p r o t e c t i o n  - Types 2 and 3 - f o r  

subs tances  "of p r o g r e s s i v e l y  l e s s e r  hazard". P rov i s ion  2.2.4 of t h e  Code, 

cover ing  Ship Type requirements ,  i s  shown below ( r e f e r e n c e s  t o  o t h e r  paragraph 

numbers of t h e  Code a r e  omi t t ed) .  

(a)  Type 1 s h i p  

( i )  General  

A Type 1 s h i p  i s  designed t o  t r a n s p o r t  p roduc t s  which r e q u i r e  

maximum preven t ive  measures t o  p rec lude  escape  of such cargo.  

( i i )  Ship c a p a b i l i t y  

The s h i p  should be capab le  of s u s t a i n i n g  anywhere i n  h e r  

l e n g t h  c o l l i s i o n  damage o r  s t r a n d i n g  damage and s u r v i v i n g  a s  

s p e c i f i e d .  

( i i i )  Cargo t ank  l o c a t i o n  

Tanks in tended f o r  t h e  c a r r i a g e  of ca rgoes  which a r e  r e q u i r e d  

t o  be t r a n s p o r t e d  i n  a  Type 1 s h i p  should be  l o c a t e d  o u t s i d e  

t h e  e x t e n t  of  t h e  damage s p e c i f i e d  and should nowhere by c l o s e r  



TABLE V. E-5 (Cont ' d )  

t o  t h e  s h i p ' s  s h e l l  than  760 mm (30 i n c h e s ) .  

(b) Type 2 s h i p  

( i )  General  

A Type 2 s h i p  is  designed t o  t r a n s p o r t  p roduc t s  which r e q u i r e  

s i g n i f i c a n t  p r e v e n t i v e  measures t o  p rec lude  t h e  escape  of 

such cargo.  

( i i )  Ship c a p a b i l i t y  

(1) A s h i p  of 150 m i n  l e n g t h  o r  l e s s  should be capab le  of 

s u s t a i n i n g  c o l l i s i o n  damage o r  s t r a n d i n g  damage anywhere 

i n  h e r  l e n g t h  except  invo lv ing  e i t h e r  of t h e  bulkheads 

bounding a machinery space  l o c a t e d  a f t ,  and s u r v i v i n g  a s  

s p e c i f i e d .  

(2) A s h i p  of more than  150 m i n  l e n g t h  should be capab le  of 

s u s t a i n i n g  c o l l i s i o n  damage o r  s t r a n d i n g  damage anywhere 

i n  h e r  l e n g t h  and s u r v i v i n g  a s  s p e c i f i e d .  

( i i i )  Cargo t ank  l o c a t i o n  

Tanks c o n t a i n i n g  ca rgoes  which a r e  r e q u i r e d  t o  be  t r a n s p o r t e d  

i n  a Type 2 s h i p  should b e  l o c a t e d  o u t s i d e  t h e  e x t e n t  of t h e  

damage s p e c i f i e d  and should nowhere be c l o s e r  t o  t h e  s h i p ' s  

s h e l l  than  760 mm (30 inches ) .  

( c )  Type 3 s h i ~  

( i )  General  

A Type 3 s h i p  i s  designed t o  c a r r y  p roduc t s  of s u f f i c i e n t  

hazard t o  r e q u i r e  a moderate degree  of containment t o  i n c r e a s e  

s u r v i v a l  c a p a b i l i t y  i n  a damaged condi t ion .  
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( i i )  Ship c a p a b i l i t y  

(1) A Type 3 s h i p  of 125 m in l e n g t h  and over  should be  

capab le  of s u s t a i n i n g  c o l l i s i o n  damage o r  s t r a n d i n g  

damage anywhere in h e r  l e n g t h  except  invo lv ing  e i t h e r  of 

t h e  bulkheads bounding a  machinery space  l o c a t e d  a f t ,  and 

s u r v i v i n g  a s  s p e c i f i e d .  

(2) A Type 3 s h i p  below 125 m i n  l e n g t h  should be capab le  of 

s u s t a i n i n g  c o l l i s i o n  damage o r  s t r a n d i n g  damage anywhere 

i n  he r  l e n g t h  and s u r v i v i n g  a s  s p e c i f i e d  w i t h  t h e  excep t ion  

of damage t o  t h e  machinery space.  I n  a d d i t i o n  t o  t h e  f o r e g o i n g ,  

t h e  a b i l i t y  t o  s u r v i v e  f l o o d i n g  of t h e  machinery space 

should b e  determined by t h e  Adminis t ra t ion.  

( i i i )  Cargo t a n k  l o c a t i o n  

No s p e c i a l  requirements .  

I n  a d d i t i o n  t o  t h e s e  requirements  t h e  Code s t a t e s  t h a t  f o r  Type 1 s h i p s  t h e  

volume of cargo c a r r i e d  i n  any one t a n k  should n o t  exceed 1 ,250  cu.m., and i n  

Type 2  t h e  volume of cargo i n  any one t a n k  should n o t  exceed 3,000 cu.m. 

[These f i g u r e s  f o r  cargo q u a n t i t y  l i m i t a t i o n s  have been agreed a s  "holding 

f i g u r e s "  pending a  f u r t h e r  s t u d y  i n  dep th  on t h i s  s u b j e c t ) .  The IMO Code lays 

down a d d i t i o n a l  d e t a i l e d  r e g u l a t i o n s  f o r  pumprooms, cargo p i p e s  and hoses ,  

c o n s t r u c t i o n  m a t e r i a l s ,  f i r e  and s a f e t y  p recau t ions ,  t ank  v e n t i n g  systems,  

temperature  c o n t r o l ,  e l e c t r i c a l  systems, and c o n t r o l  and moni tor ing systems. 
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Cargo s e g r e g a t i o n  is  an important  p r i n c i p l e  o f  t h e  IMO Code; t h e  r e g u l a t i o n s  

s t a t e  that a l l  cargo t a n k s  should be  s e p a r a t e d  from t h e  machinery, accommodation 

and s t o r e s  areas by a cofferdam, o r  a space such a s  a pumproom o r  a n  empty 

tank.  I n  a d d i t i o n ,  ca rgoes  which would react dangerously  should be s i m i l a r l y  

separa ted .  These ca rgoes  should a l s o  have s e p a r a t e  pumping and p i p i n g  systems 

which should n o t  p a s s  through o t h e r  cargo t a n k s  u n l e s s  encased i n  a tunne l .  

Tanks c a r r y i n g  r e a c t i v e  ca rgoes  should have s e p a r a t e  v e n t i n g  systems, and no . 

cargo p i p i n g  should p a s s  through any machinery o r  accommodation spaces  o t h e r  

than pumprooms. Accommodation should be  " a l l  a f t " ,  w i t h  no accommodation spaces  

pe rmi t t ed  over  t h e  ca rgo  t a n k s  o r  pumprooms. 

Source: H.P. Drewry Shipping Consu l tan t s  Ltd. ,  "The Chemical C a r r i e r  Trades", 
London, 1983. 
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TABLE V.E-6 (Cont'd) 

(d) Category D - Noxious l i q u i d  subs tances  which i f  d ischarged 

i n t o  t h e  sea from t a n k  c l e a n i n g  o r  d e b a l l a s t i n g  o p e r a t i o n s  

would p r e s e n t  a recognizab le  hazard t o  e i t h e r  marine r e s o u r c e s  

o r  human h e a l t h  o r  cause  minimal harm t o  ameni t i e s  o r  o t h e r  

l e g i t i m a t e  u s e s  of t h e  s e a  and t h e r e f o r e  r e q u i r e  some a t t e n t i o n  

i n  o p e r a t i o n a l  cond i t ions .  

Discharge of Category A subs tances  o r  any b a l l a s t  wa te r ,  t a n k  washings o r  

o t h e r  r e s i d u e s  is p r o h i b i t e d  under Regulat ion 5. Tank washing wate r s  have 

t o  be d i scharged  t o  s h o r e  r e c e p t i o n  f a c i l i t i e s  b u t  remaining r e s i d u e s  below a 

s p e c i f i e d  c o n c e n t r a t i o n  may be  d i l u t e d  (by a volume of water  of n o t  l e s s  t h a n  

5% of t h e  t o t a l  volume of t h e  t ank)  and discharged i n t o  t h e  sea. Discharge of 

Category B, C and D subs tances  and r e s i d u e s  i n t o  t h e  s e a  i s  permi t t ed  s u b j e c t  

t o  c e r t a i n  p r o v i s i o n s  cover ing v e s s e l  speed,  d i s t a n c e  from t h e  shore ,  dep th  of 

wa te r ,  q u a n t i t y  discharged and c o n c e n t r a t i o n  of t h e  subs tances  i n  t h e  wake of t 

sh ip .  

S p e c i a l  r u l e s  app ly  t o  t h e  d i s c h a r g e  of Category A, B and C subs tances ,  o r  

b a l l a s t ,  t a n k  washings o r  o t h e r  r e s i d u e s  c o n t a i n i n g  t h e s e  subs tances  i n  designa 

S p e c i a l  Areas. These S p e c i a l  Areas a r e  t h e  B a l t i c  Sea and t h e  Black Sea, a s  

de f ined  i n  Annex I of MARPOL. 

Regulat ion 7 of Annex 11 s t a t e s  t h a t  t h e  Government of each P a r t y  t o  t h e  

Convention w i l l  p rov ide  r e c e p t i o n  f a c i l i t i e s  "according t o  t h e  needs of s h i p s  

us ing  i t s  p o r t s ,  t e r m i n a l s ,  o r  r e p a i r  p o r t s  a s  fo l lows :  

(a) cargo load ing  and unloading p o r t s  and t e r m i n a l s  s h a l l  have 

f a c i l i t i e s  adequate  f o r  r e c e p t i o n  wi thout  undue d e l a y  t o  s h i p s  

of such r e s i d u e s  and mix tures  con ta in ing  noxious l i q u i d  



TABLE V. E-6 (Cont ' d ) 

subs tances  as would remain f o r  d i s p o s a l  from s h i p s  c a r r y i n g  

them a s  a consequence of t h e  a p p l i c a t i o n  of t h i s  Annex; 

and 

(b) s h i p  r e p a i r  p o r t s  under tak ing  r e p a i r s  t o  chemical  t a n k e r s  

s h a l l  have f a c i l i t i e s  adequate  f o r  t h e  r e c e p t i o n  of r e s i d u e s  

and mix tures  con ta in ing  noxious l i q u i d  substances".  

Other r e g u l a t i o n s  cover c o n t r o l  measures and e n t r i e s  in t h e  Cargo Record Book, 

surveys ,  t h e  i s s u e  and d u r a t i o n  of c e r t i f i c a t e s  and requirements  f o r  minimizing 

a c c i d e n t a l  p o l l u t i o n .  

Source: H.P. Drewry Shipping Consu l tan t s  Ltd . ,   h he Chemical C a r r i e r  ~ r a d e s " ,  
London, 1983. 



TABLE V.E-6 

NOXIOUS LIQUID SUBSTANCES ACCORDING TO MARPOL ANNEX I1 

The subs tances  l i s t e d  i n  Appendix I1 t o  t h e  MARPOL Annex I1 r e g u l a t i o n s  

were c a t e g o r i z e d  us ing  a  hazard r a t i n g  system developed i n  t h e  US by t h e  

Group of Exper ts  on t h e  S c i e n t i f i c  Aspects of Marine P o l l u t i o n  (GESAMP). 

The GESAMP system d i v i d e s  noxious l i q u i d  subs tances  i n t o  f o u r  c a t e g o r i e s  and, 

based on t h e s e ,  Regulat ion 3 of Annex I1 sets o u t  f o u r  p o l l u t i o n  c a t e g o r i e s :  

(a) Category A - Noxious l i q u i d  subs tances  which i f  d ischarged 

i n t o  t h e  sea from t a n k  c l e a n i n g  o r  d e b a l l a s t i n g  o p e r a t i o n s  

would p r e s e n t  a  major hazard t o  e i t h e r  marine r e s o u r c e s  or 

human h e a l t h  o r  cause  s e r i o u s  harm t o  a m e n i t i e s  o r  o t h e r  

l e g i t i m a t e  u s e s  of t h e  sea and t h e r e f o r e  j u s t i f y  t h e  a p p l i c a t i o n  

of s t r i n g e n t  a n t i - p o l l u t i o n  measures. 

(b) Category B - Noxious l i q u i d  subs tances  which i f  d ischarged 

i n t o  t h e  sea from t a n k  c l e a n i n g  o r  d e b a l l a s t i n g  o p e r a t i o n s  

would p r e s e n t  a  hazard t o  e i t h e r  marine r e s o u r c e s  o r  human 

h e a l t h  o r  cause  harm t o  a m e n i t i e s  o r  o t h e r  l e g i t i m a t e  u s e s  of 

t h e  s e a  and t h e r e f o r e  j u s t i f y  t h e  a p p l i c a t i o n  of s p a c i a l  a n t i -  

p o l l u t i o n  measures. 

(c)  Category C - Noxious l i q u i d  subs tances  which i f  d ischarged 

i n t o  t h e  s e a  from tank  c l e a n i n g  o r  d e b a l l a s t i n g  o p e r a t i o n s  

would p r e s e n t  a  minor hazard t o  e i t h e r  marine r e s o u r c e s  o r  

human h e a l t h  o r  c a u s e  minor harm t o  ameni t i e s  o r  o t h e r  l e g i t i m a t e  

u s e s  of the s e a  and t h e r e f o r e  r e q u i r e  s p e c i a l  o p e r a t i o n a l  

cond i t ions .  



V.F Petrochemical P l an t  Descr ip t ions  

V.F.l Triunfo Ethylene P lan t  

P lan t  l oca t ion :  p a r t  of an o le f ins /a romat ics  petrochemical complex 

a t  Triunfo,  Braz i l .  

S ta r tup :  1980 

Feedstock: heavy naptha and LPG 

Ethylene output :  480,000 tons  of polymer grade e thy lene  per year  

Ethylene coproducts: 

polymer grade propylene 120,000 ton/year  

chemical grade propylene 66,500 ton lyear  

polymer grade bu t  adiene 67,500 ton/year  

Aromatics products:  

high p u r i t y  benzene 150,000 ton/year  

n i t r a t i o n  grade toluene 60,000 ton/year  

so lvent  grade xylene 42,500 ton/year  

Ethylene layout :  Figure V.F-1 

Design f ac to r s :  

1. s i te  i s  an i s o l a t e d  new i n d u s t r i a l  a r ea  without neighboring 

p l a n t s  f o r  temporary o l e f i n s  suppl ies .  

2. energy supply t o  t h e  complex is  based mainly on coa l - f i red  

b o i l e r s .  

3. twin compressor l i n e s  were se l ec t ed  fo r  cracked gas and 

r e f r i g e r a t i o n  compressors. 

4 .  steam is exported t o  downstream un i t s .  

5. the  complex i s  s e l f - s u f f i c i e n t  i n  e l e c t r i c i t y .  
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Storage:  above ground t a n k s  a t  a tmospher ic  p ressure .  

O f f s i t e  s t o r a g e  f o r  t h e  fol lowing:  

e t h y l e n e  2 x 20,000 m 
3 

propylene ( spheres )  3 x 3,200 m 3 

bu tad iene  ( spheres )  

LPG ( spheres )  

3 x 3,200 m 
3 

3 x 3,200 and 2 x 1600 m 
3 

nap t ha 3 x 31000 m 
3 

Main b o i l e r s :  3 x 280 t o n / h r  

A l t e r n a t o r s :  2 x 1 5  MV 

3 
Cooling towers:  35,000 m / h r  

Turbines  : 

p y r o l y s i s  gas  

a l t e r n a t o r s  

propylene r e f r i g e r a n t  

e t h y l e n e  r e f r i g e r a n t  

V. F. 2 P r i o l o  O l e f i n  P l a n t  

F igure  V.F-2 shows t h e  p l o t  p lan  f o r  an  o l e f i n  p l a n t  producing 600,000 

t o n s l y e a r  of polymer grade e t h y l e n e  from f u l l  range naptha o r  from gas  o i l .  

A s  shown, t h e r e  a r e  1 2  c rack ing  fu rnaces  f o r  product ion of p y r o l y s i s  gas. 

Each fu rnace  h a s  a c a p a c i t y  of 70,000 ton /year  e thy lene .  Ten a r e  opera ted  a t  

any one time, one is a v a i l a b l e  a s  a s p a r e ,  and one is normally undergoing 

c l e a n i n g  work. I n  a d d i t i o n  t o  e t h y l e n e  (600,000 t o n s / y e a r ) ,  t h e  u n i t  shown 



FIGURE V.F-2 

PRIOLO PLOT PLAN 

Source: W e t t ,  T . ,  O i l  and Gas J o u r n a l ,  A p r i l  1 4 ,  1980. 
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produces 350,000 t o n s / y e a r  of propylene and 750,000 tons /year  of bu tad iene ,  

g a s o l i n e ,  and f u e l  o i l .  Besides  nap tha  and g a s  o i l ,  it can c r a c k  LPG i f  

r equ i red .  T o t a l  area u t i l i z a t i o n  f o r  t h i s  u n i t  is 8.5 h e c t a r e s .  

V.F.3 J u b a i l  I n d u s t r i a l  P o r t  

A c l u s t e r  of ve ry  l a r g e  pet rochemical  p l a n t s  p rov ides  t h e  nuc leus  

of t h e  i n d u s t r i a l  zone i n  Saudi Arab ia ' s  new i n d u s t r i a l  p o r t  c i t y ,  J u b a i l .  A s  

shown i n  F igure  V.F-3, f o u r  new petrochemical  complexes i n  a d d i t i o n  t o  two 

f e r t i l i z e r  p l a n t s  and two methanol p l a n t s  a r e  included i n  t h e  development. 

The primary raw m a t e r i a l  f o r  t h e s e  p l a n t s  is  a s s o c i a t e d  gas  (p rev ious ly  f l a r e d  

o f f )  c o l l e c t e d  and piped from t h e  c o u n t r y ' s  sou thern  o i l  f i e l d s .  

The l a r g e s t  of t h e  Saudi pet rochemical  p l a n t s  w i l l  c o s t  about $3 b i l l i o n  

and is  scheduled t o  start p roduc t ion  i n  1985. Th is  p l a n t  a l o n e  w i l l  produce 

over  1 .5  m i l l i o n  t o n s  o f  b a s i c  pet rochemicals  annua l ly .  The p l a n t  p rocess ing  

equipment, u t i l i t i e s ,  and o f f s i t e  f a c i l i t i e s  a r e  being p r e f a b r i c a t e d  and 

assembled i n  Japan a s  modules f o r  shipment t o  t h e  p l a n t  s i t e .  
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FIGURE V.F-3 

PETROCHMICAL AD OTHER PLANTS AT THE JUBAIL INDUSTRIAL PORT 

S o u r c e :  O i l  and Gas Journal, A p r i l  1 2 ,  1982. 
- , - - - - - - - . - 
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V1.A Data Sheet 

VI .A. l  General 

A g r e a t  number of products  a r e  produced by t h e  paper industry.  These 

products  may be divided i n t o  two b a s i c  ca tegor ies :  "paper" and "paperboard". 

Paperboard is  genera l ly  t h i c k e r  and heavier  than paper,  and is  used almost 

exc lus ive ly  i n  t h e  cons t ruc t ion  and packaging industry.  Papers are f u r t h e r  

c l a s s i f i e d  by func t ion  i n t o  t h r e e  broad groups: "cu l tura l"  papers ,  which 

inc lude  newsprint,  magazine, book and o t h e r  p r i n t i n g  and wr i t i ng  papers;  

" i ndus t r i a l "  papers including wrapping, sack and bag papers,  and o ther  s p e c i a l  

products  such a s  f r u i t  and p l an t  conta iners ;  and t i s s u e ,  towel and s i m i l a r  

creped papers. 

The p r i n c i p a l  ma te r i a l  from which t h e  va r ious  paper products  a r e  

manufactured is c e l l u l o s e  f i b e r s  coming usua l ly  from wood. Two kinds of wood 

spec i e s  a r e  used i n  paper manufacture: softwoods ( con i f e r s )  such a s  spruce,  

p ine ,  balsam and hemlock which a r e  charac te r ized  by long f i b e r s  and a r e  used 

f o r  t h e  production of s t rong  paper; and hardwoods (broadleaved) such a s  beech, 

b i rch ,  poplar ,  euca lypts ,  e t c . ,  which have s h o r t e r  f i b e r s  and lead  t o  weak 

but smooth papers. Wood res idues  from sawmilling and o the r  f o r e s t  i n d u s t r i e s ,  

and sometimes sawdust, may a l s o  be used by some paper manufacturing processes.  

Non-wood f ib rous  ma te r i a l s  a r e  a l s o  used t o  a small  ex t en t ,  e s p e c i a l l y  

i n  t h e  developing coun t r i e s  with l im i t ed  f o r e s t  resources .  Mater ia l s  included 

i n  t h i s  group a r e  bamboo; a g r i c u l t u r a l  r e s idues  such a s  sugarcane bagasse and 

s t raws;  reeds l i k e  papyrus and f l a x ;  r ags  and co t ton  l i n t e r s ;  and var ious  

grasses .  About 25% of t he  world's production of paper and paperboard comes 

from co l l ec t ed  wastepaper mainly i n  t h e  developed count r ies .  



The paper manufacturing process  involves  t h e  fol lowing two major 

s t e p s ,  which may, but need not  be, i n t eg ra t ed  a t  t h e  same plan t .  

(1) Pulp formation. The f i b rous  raw ma te r i a l s  a r e  d i s i n t e g r a t e d  

and r e s u l t  i n  t h e  formation of pulp,  a d i l u t e  suspension of 

separated f i b e r s  i n  water. Pulping is  accomplished by t h e  

treatment of raw materials mechanically, chemically o r  by 

some combination of both. Where pulp is to be used f o r  t h e  

manufacture of t h e  higher  q u a l i t y  papers i n  which appearance 

is important,  pulp is  usua l ly  "bleached" t o  remove d i s -  

co lo r ing  mater ia l s .  

(2) Paper formation 

( i )  A web of entangled f i b e r s  i s  formed by pouring the 

pulp on a screen. 

( i i )  A shee t  of paper is  formed by press ing  and drying t h e  

web. 

VI.A.2 Pulping Processes 

There a r e  f i v e  major ca t ego r i e s  of pulping processes:  mechanical, 

wastepaper, semichemical, chemical and d isso lv ing .  The two extremes may be 

represented a s  follows : 

Pulping Processes  

Mechanical processes  

Mechanical energy 
L i t t l e  o r  no chemicals 

and hea t  
High y i e l d  
Impure f i b e r s  
Poor s t r e n g t h  
Good p r i n t i n g  q u a l i t y  
D i f f i c u l t  bleaching 

Hybrid processes  Chemical processes  

Combination of chemical Chemicals and hea t  
and mechanical t reatments  L i t t l e  o r  no mechanical 

energy 
Intermediate  y i e l d s  and Low y i e l d  
pulp p rope r t i e s  Pure f i b e r s  

Good s t r e n g t h  

Easy bleaching 

Source: U.N., Food and Agr icu l ture  Organization, "Guide f o r  Planning Pulp and 
Paper Enterpr ises" ,  Rome, 1973. 
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Some of these  processes  a r e  a l l i e d  t o  a prefer red  timber source. The t y p i c a l  

y i e l d  of f i b e r  i s  given below: 

Yield of Prefer red  
Pulping Class  Typical Processes Fiber  ( X )  Wood Species 

Mechanical Stone groundwood 95-97 Conifer 
Refiner  mechanical 94-95 
Thermomechanical 92-94 
Chemimechanical 90-92 
Chemithermomechanical 90-92 

Deinking 65-90 Wastepaper and 
k r a f t  waste 

Cold Soda 8 0 Hardwood 
Neutral-Sulphite- 60-8 5 
Semi-Chemical (NSSC) 

Chemical Sulphate (Kraft)  40-50 Almost any 
Sulphi te  50-75 

Dissolving Sulphi te  prehydrolyzed 33-43 Almost any 
su lpha te  
S i r o l a  

It can be seen that mechanical processes  have t h e  h ighes t  y i e l d s  but  

have a preference f o r  coni fe rs .  Chemical and d i s so lv ing  processes  can, i n  

general ,  use any spec ies ,  although some processes  do have prefer red  species .  

Sulphate ( k r a f t )  is  t h e  major chemical process.  The minimum economical s i z e  

of a h a f t  m i l l  is about 800 a i r  d ry  tonslday (ADT/d) r equ i r ing  1 MT of wood 

annually but i t  a l s o  r equ i r e s  expensive po l lu t ion  con t ro l  f a c i l i t i e s  t o  dispose 

of wastes and recyc le  chemicals. Thus k r a f t  processes may no longer be eco- 

nomical f o r  modest production l eve l s .  

The following da t a  apply t o  a non-integrated s tone  groundwood pulp 

m i l l  producing 100 ADT/d of newsprint-grade pulp, per ton of product: 

Wood 3 2.33 m / t  

E l e c t r i c i t y  f o r  gr inding 1000 kwh/ t 

E l e c t r i c i t y  f o r  screening,  drying 500 kWh/ t 

Water 3 
10-15 m / t  



A r e f i n e r  mechanical pulp m i l l  may r equ i r e  about 50% more e l e c t r i c a l  energy 

(up t o  2,200 kWh/t). 

The requirements f o r  a thermomechanical pulp m i l l ,  producing 300 ADT/d 

of pulp, per  ton of output  a re :  

Woodchips 2 t  

E l e c t r i c i t y  2000 kWh/t 

Power (load) 100 kW 

Natural gas f o r  f l a s h  drying 3.2 M BTU 

Water 12.7 t 

S i t e  area ( for  300 ADT/d) 1 6  ha 

Manpower ( for  300 ADT/d) 100 

Chemical pulps a r e  nea r ly  energy s e l f - s u f f i c i e n t ,  but r e q u i r e  very 

l a r g e  q u a n t i t i e s  of water,  a f a c t o r  of major s ign i f i cance  i n  s i t i n g  a chemical 

pulp m i l l .  The water requirements of a l a r g e  bleached k r a f t  pulp m i l l  a r e  i n  

t he  range of 150 t o  200 cubic meters per  ton. 

Chemical pulp m i l l s  a r e  heavy environmental po l lu t an t s ,  ma5nly' 

because of gaseous and l i q u i d  e f f luen t s .  Sulphur compounds and dus t  a r e  t h e  

major gaseous emissions, while t o t a l  suspended s o l i d s  (TSS), biochemical 

oxygen demand (BOD), and co lor  a r e  t he  p r inc ipa l  parameters f o r  l i qu id  e f f l u e n t s .  

Recycling and reusing most of t he  process waters and chemicals, n e u t r a l i z a t i o n ,  

s e t t l i n g  basins  and b io log ica l  treatment can g r e a t l y  reduce the  environmental 

impacts. Mechanical pulp m i l l s  a r e  character ized by n i l  a i r  po l lu t ion  and 

low water po l lu t ion  po ten t i a l .  



V I  .A. 3 Paper-making 

A t  t h e  paper m i l l  t h e  d r i ed  pulp is  broken up i n  a hydrapulper , which 

is  a wet process,  and is  then d ispersed  i n  a bea t ing  and r e f i n e r y  process.  

Next come var ious  add i t i ves ,  such a s  china c lay ,  whiting, r o s i n  (preferab ly  

mixed wi th  alum) and o the r  chemical r e t e n t i o n  a i d s  ( t o  keep t h e  o ther  add i t i ves  

t o  t h e  f i b e r s  a f t e r  drying) .  Pigments such a s  t i tanum oxide a s  whitener a r e  

a l s o  added. 

The most common paper-making machine i s  t h e  Fourdrinier  machine. Pulp, 

containing 99% moisture,  emerges a s  f in i shed  paper wi th  about 5-10% moisture 

a few seconds l a t e r .  Paper m i l l  requirements vary widely depending on the  

types of paper produced, t he  kinds of pulp used, and the  degree of i n t eg ra t ion  

wi th  pulp mills. The indus t ry  is moving towards higher i n t e g r a t i o n  between 

paper and pulp m i l l s .  

VI.A.4 Transport 

Pulpwood logs ,  wood chips ,  pulp and t h e  var ious  paper products a r e  

t h e  paper-related commodities which en te r  t'ie i n t e r n a t i o n a l  t rade.  More than 

67% of t he  traded commodities is  in  processed form, a s  process  i n d u s t r i e s  tend 

t o  be located a t  o r  near t he  main production cen te r s  i n  order  t o  produce 

a higher-value, more economically t r anspor t ab le  product. 

Pulpwood logs  can be c a i r i e d  a s  part-cargo by any geared general  cargo 

ves se l  o r  bulk c a r r i e r .  Smaller 'tweendeckers, general  purpose bulkers ,  e t c . ,  

have gradual ly given way t o  t h e  more e f f i c i e n t ,  more soph i s t i ca t ed ,  purpose- 

b u i l t  spec ia l ized  "lumber ca r r i e r s " ,  which a r e  modern bulk c a r r i e r s  with good 

gear ,  good cargo access  and high deck s t r e n g t h  intended t o  c a r r y  packaged o r  

un i t ized  products i n  t h e  holds and on deck. Ships used f o r  log  shipments vary 



i n  s i z e  from small t o  medium,depending on t h e  t r a d e  route.  In  general ,  t h e  

major requirement worldwide i s  f o r  t h e  handy-size sh ips  of 20-35,000 DWT. On 

t he  longes t  deep-sea t r ades ,  v e s s e l s  of up t o  45,000 DWT a r e  used. 

Special ized bulk c a r r i e r s  a r e  used f o r  t h e  t r anspor t  of wood chips ,  a s  

they have a very high stowage f a c t o r  (100-110 cu f t / l o n g  ton) .  The freeboard 

of chip c a r r i e r s  genera l ly  exceeds t h a t  of conventional bulk c a r r i e r s  by over 

50%, and t h e i r  cubic  capac i ty  is g rea t e r  by a s i m i l a r  margin. These ves se l s  

a r e  u sua l ly  equipped with high-capacity b e l t  conveyors and pneumatic trimmers, 

and can achieve loading rates in excess of 500 tons/hour (discharging r a t e s  

maybe over 300 tons/hour).  About two-thirds of t h e  ch ip  c a r r i e r  f l e e t  c o n s i s t s  

of medium-sized ves se l s  of 35-50,000 DWT, and l a r g e r ,  "Panamax" v e s s e l s  i n  t he  

50-60,000 DWT range. 

Pulp is commonly shipped i n  ba les ,  and paper i n  r o l l s .  u n i t i z a t i o n  

has developed and the re  a r e  many conf igura t ions  i n  use  today. Pulp and paper 

products enable high handling r a t e s  by consol ida t ing  between 15 and 25 tons  

per l i f t .  The small  s i z e  of consignments r e s t r i c t s  t h e  employment of l a r g e r  

bulk c a r r i e r  tonnage. Pulp and paper products a r e  shipped a s  part-cargoes i n  

t h e  smaller  15-20,000 DWT bulkers ,  and t h e  spec ia l ized ,  geared, open-hatch 

ves se l s  of 20-35,000 DWT. In  some t r ades  (mainly from North America t o  Europe) 

o ther  ship types such a s  containerships,  roll-on rol l -off  (ro-ro) ves se l s ,  and 

barge c a r r i e r s  (LASH vesse l s )  have been used. 



V1.R Paper Manufacture 

The p r i n c i p a l  ma te r i a l  from which t h e  var ious  paper products  a r e  

manufactured is c e l l u l o s e  f i b e r s  coming usua l ly  from wood. However, var ious  

non-wood f i b r o u s  m a t e r i a l s  a r e  a l s o  used. Higher paper grades use co t ton  

l i n t e r s  o r  r ags  as input ,  while  cheaper grades r euse  p r in t ed  matter. Other 

f i b e r  sources  inc lude  va r ious  grasses ,  p l a n t s  and a g r i c u l t u r a l  by-products a s  

sugarcane bagasse. 

Ce l lu lose  f i b e r s  comprise approximately 40 t o  50 percent  of t h e  dry 

weight of wood a s  wel l  a s  of non-wood p l an t s .  The o the r  major components of 

f i b r o u s  ma te r i a l s  a r e  t h e  hemicel luloses  and l i g a i n  which cement t h e  f i b e r s  

together .  The dimensions of c e l l u l o s e  f i b e r s  p lay  an important r o l e  i n  

determining t h e  q u a l i t y  of t h e  paper produced from a given spec i e s  of wood o r  

annual p l a n t  . 
I n  add i t i on  t o  t h e  above f i b rous  ma te r i a l s ,  a v a r i e t y  of non-fibrous 

raw materials a r e  required f o r  any paper en t e rp r i s e .  The most important a r e  

water ,  f u e l ,  power, and var ious  chemical a d d i t i v e s  depending on t h e  p a r t i c u l a r  

manufacturing process  used. 

The paper manufacturing process  involves  t h e  following two major s t eps :  

(1) Pulp formation. The f i b rous  raw ma te r i a l s  a r e  d i s i n t e g r a t e d  

and r e s u l t  i n  t h e  formation of pulp,  a d i l u t e  suspension of 

separated f i b e r s  i n  water. Pulping i s  accomplished by t h e  

t reatment  of raw m a t e r i a l s  mechanically,  chemically o r  by some 

combination of both. Where pulp is t o  be used f o r  the manu- 

f a c t u r e  of t h e  higher q u a l i t y  papers i n  which appearance is 



VI-8 

important,  pulp is usua l ly  "bleached" t o  remove d i s -  

co lor ing  mater ia l s .  

(2) Paper formation 

( i )  A web of entangled f i b e r s  i s  formed by pouring 

t h e  pulp on a screep. 

( i i )  A shee t  of paper is formed by pressing and drying t h e  

web. 

In  t h e  next  two sec t ions ,  t he  types of t h e  end product (paper and 

paperboard) a s  wel l  a s  t he  kinds of t h e  f ib rous  r a w  materials used w i l l  be 

s h o r t l y  presented before  descr ib ing  t h e  production processes ,  a s  both of t hese  

f a c t o r s  play an important r o l e  i n  s e l e c t i n g  t h e  proper manufacturing process.  

V I . B . l  C l a s s i f i c a t i o n  of Papers 

Although t h e  pulp and paper indus t ry  has access  t o  a r e l a t i v e l y  

l imi t ed  number of bas ic  f i b e r  types and manufacturing processes ,  i t  can never- 

t h e l e s s  produce an enormous range of products. This i s  accomplished by 

varying the  blends of f i b e r s  and o the r  add i t i ves ,  t h e  treatment of t he  f i b e r s  

i n  the  preparat ion s tage ,  and the  method used t o  form t h e  shee t  on t h e  paper 

machine. Because of t h e  l a r g e  number of paper grades made, i t  i s  d i f f i c u l t  t o  

group and present  t he  grade s t r u c t u r e  i n  a b r i e f  and concise tab le .  A break- 

down e f f o r t  is presented i n  Table V1.B-1, together  with the  U.S. production 

output of years  1970 and 1980. 

In  Table V1.B-1, t he  i n i t i a l  d i v i s i o n  is made on t h e  b a s i s  of t h e  

weight of t h e  product,  c a l l i n g  the  two ca tegor ies  thus d is t inguished  "paper" 

and "paperboard". There is  no p rec i se  d e f i n i t i o n ,  i n  q u a n t i t a t i v e  terms, t o  

i n d i c a t e  t h e  l i n e  of demarcation between paper and paperboard but ,  i n  general ,  
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TABLE VI .B-1 

U.S. PRODUCTION OF PAPER AND PAPERBOARD BY GRADE 

PAPER, TOTAL 
Rintlnq nd wing p.p.rrl tow 
Newsprint 
Groundwood UWW, uncoated. total1 

Publication and printing 
Othor ConwKting and miscdlanms groundwood paper 

Coated printing and converting paper, total1 
Coated om side 
Coated two Sida 

Book paw.  uncoated, total' 
Publication and printing 
Body stock for coating 
Other conveirting and miscellaneous book paper 

Bleached bristds (excluding cotton fibers), total 
t 

Tabulating card, tag and file folder 
o t w  briiole 

Writing and related papers, not elsewhere classified, total 
Writing papa. total 

Chemical woodpulp 
Cotton fiber 

Cover and text papers 
Thin paper 

Packaging and industrid conmting papor, tow 
Wrapping paper. total 

Unbleached kraft 
Other 

Shipping sack paper, total 
Unbleached kraft 
O thd  

Bag and other sack paper, total 
Unbleached kraft 
Other 

Other converting paper. total 
Unbleached kraft 
Other 

Glassine. greaseproof and vegetable parchment 
Special industrial paper 
1 issum a d  0 t h  creped paper, total 
Sanitary paper. total 

Toilet tissue 
Toweling 
Facial tissue 
Napkin 
Other sanitary stocka 

Tissue paper (except sanitary and thin) 

1- 1970 
(1,000 short tons) 

29.W 23l625 
Zw36 14,418 
4.545 3,345 
1.436 1,215 
1,193 1.070 

243 144 
4.749 3.279 

48 1 403 
4,268 2,875 
3.903 2,646 
2,269 1,650 

971 997 
472 77 1 
499 226 

4.434 2,937 
3.798 2,456 
3.674 2.338 

124 118 
290 193 
345 288 

sl3a 5.439 
257 518 
141 298 
116 220 

1.134 1.094 
1.050 996 

84 98 
2.313 2,117 
2.078 1.898 

235 219 
915 1.088 
434 596 
482 492 
262 203 
488 42 1 

4.234 3.70 
4.074 3.548 
1.555 1.343 
1.368 1.185 

369 375 
483 374 
298 272 
160 220 
c o n r m d  on neat page 



TABLE VI . B-I (Cont ' d) 

Typ. of grade 1osO. 1910 
(1.000 short tons) 

PAPERBOARD, TOTAL 

Linerboard, total 
Unbleached kraft4 
Bleached4 
Combination furnish5 

Corrugating medium, total 
Unbleached kratr 
Semichemical. * 
Combination furnish5 

Folding carton type paperboard, total. 
Unbleached kraft 
Bleached 

Tube, can and drum paperboard, total. 
Unbleached kraft 
Bleached 

Other unbleached kraft paperboard' 
Other bleached paperboard, total. 

Milk carton paperboard 
Heavyweight cup stock 
Plate. dish and food serving stock 
Bleached paperboard, not elsewhere classifieda 

Container c h i  and filler paperboard5 
Combination bendlng board5 
Combination nohbending boarda 
Special combination paperboarda 

Corwlruction p.p.r md bowd. total 
Construction paper 
Construction board, total 

Insulating board 
Hard board 

ALL QRADES, TOTAL w774 W 1 6  

0 - proiactad d - withheid l o  a d d  dircfoaing figurea for individual companies 

'tnc~udss on-m.cktm coated p.0.r prod- at IIIIIIS n q  prvnvy production f u l l l tm  To m a d  dduptiutton:e#- 
mamma neck IS OXCILKW from uncoated wandrood or moat&  book oapar. .nd a r m  coated at -tabtir(l- 
m t s  rnthout p.p.rmakmng fac~l~tms are ucluded lrom the coated paper data 
'Includu mbtnat lon kran and r o w  bleacmd and rsm~bhcked 
'Incluc(a sn11m-y nwkln stock wadding and mpar stock 
'Mmutacturod n t h  s sobd woodpulp lurnlsk 
'Mmufuturod with a comblnatlon turntm 01 nuodwlp and paoarstock lute or other f~b rws  malmal 
Includes small quantltm at other wmnh.mou pawrboud 
'Bleachad tu0e can and drum pawrbo.rd IS ~KIud.d mln 8kuMd DumrOoad not damwhere CIaUIfled 
'Includes other ble~uhad paperboard for food and rnuacdlaruous ~uk.pmng, 0 t h  w l ~ d  bleached board m d  
bleached tube can and drum paparboard 

Source: Kline, J.E., "Paper and Paperboard. Manufacturing and Converting 
Fundamentals", Miller Freeman Publications Inc., San Francisco, 1982. 



a paperboard d i f f e r s  from a paper i n  two important respec ts :  (a) paperboard 

is genera l ly  t h i cke r  and heavier  per square meter than paper; and (b) wi th  

few except ions,  paperboard is used almost exc lus ive ly  i n  t h e  cons t ruc t ion  and 

packaging indus t ry .  

Papers a r e  f u r t h e r  c l a s s i f i e d  by func t ion  i n t o  t h r e e  broad groups: 

11 c u l t u r a l "  papers ,  which inc lude  newsprint,  magazine, book and o the r  p r i n t i n g  

and w r i t i n g  papers;  " i ndus t r i a l "  papers  including wrapping, sack and bag 

papers,  as wel l  a s  s p e c i a l  moulded pulp products  such a s  f r u i t  and p l an t  

conta iners ;  and t i s s u e ,  towel and s i m i l a r  creped papers. For some grades 

f u r t h e r  d i s t i n c t i o n s  a r e  made on t h e  b a s i s  of production process  and bas i c  raw 

materials used. 

Paper and paperboard products a r e  charac te r ized  by a g rea t  

number of p rope r t i e s ,  r e l a t e d  t o  t h e i r  manufacture and use. These p rope r t i e s  

are usua l ly  grouped i n t o  four  ca tegor ies :  (a) s t r u c t u r a l  p r o p e r t i e s  such a s  

weight,  th ickness ,  volume, dens i ty  and moisture  content ;  (b) s t r e n g t h  p rope r t i e s  

such a s  t e a r i n g  r e s i s t a n c e ,  e x t e n s i b i l i t y ,  and t e n s i l e ,  mullen and fo ld  s t r e n g t h ;  

(c) o p t i c a l  p rope r t i e s  such a s  co lo r ,  whiteness,  b r igh tness ,  opac i ty  and l i g t h  

r e f l ec t ance  (g loss ) ;  and (d) water s e n s i t i v i t y  p rope r t i e s  such a s  dimensional 

s t a b i l i t y ,  c u r l ,  water repe l lency  and l o s s  of s t r e n g t h  i n  water contac t .  

VI.B.2 Fibrous Raw Mater ia l s  Used i n  Paper Manufacture* 

More than 99.5% of pulp and paper products a r e  produced from t h e  

pulp of n a t u r a l  f i b rous  stems. About 75% of t h e  pulp requirements is  v i r g i n  

pulp produced from wood o r  non-wood f i b e r  sources ,  while  t h e  remaining 25% 

is  manufactured from recycled mater ia l .  However, i n  coun t r i e s  with minimal 

Source: U.N., Food and Agr icu l ture  Organization, "Guide f o r  Planning Pulp and 
Paper Enterpr ises" ,  Rome, 1973. 



f o r e s t  resources,  t h e  percentage of t h e  pulp produced from recycled paper 

may be a s  high a s  55% of t h e  t o t a l  pulp production. 

The manufacture of v i r g i n  pulp is a large-scale  i n t e r n a t i o n a l  business ,  

with about 70 na t ions  producing approximately 120 mi l l i on  tons each year. The 

leading pulp producers a r e  t h e  U.S.A., wi th  about 35% of t h e  world's production, 

and Canada wi th  about 10%. They a r e  followed by t h e  U.S.S.R., Japan, Sweden, 

Finland, China and Brazi l .  Approximately 20% of t h e  world's v i r g i n  pulp is 

produced in Asia, South America and Africa,  and t h i s  proport ion i s  increasing.  

Wood is used t o  produce about 94% of v i r g i n  pulp, while  non-wood 

sources a r e  a l s o  important,  p a r t i c u l a r l y  i n  developing count r ies ,  accounting 

f o r  t h e  remaining 6% of t he  world's v i r g i n  pulp production. 

VI.B.2.1 Wood - 
A g rea t  v a r i e t y  of wood spec ies  is  used s a t i s f a c t o r i l y  i n  pulp and 

paper manufacture. Each has i ts  own c h a r a c t e r i s t i c s ,  t h e  advantages o r  d i s -  

advantages being l a r g e l y  r e l a t i v e .  Fiber l eng th  is t h e  most important 

c h a r a c t e r i s t i c  of t he  pulpwood, a s  longer f i b e r s  r e s u l t  i n  s t ronger  papers. 

In  addi t ion ,  wood dens i ty  ( t ha t  is, the  dry  f i b e r  weight per  u n i t  of green 

volume), the  average t r e e  dimensions, bark volume and o ther  phys ica l  character-  

i s t i c s  have an important e f f e c t  on raw ma te r i a l  costs .  The chemical composition 

and pulping c h a r a c t e r i s t i c s  determine a l s o  the  y i e ld  of pulp o r  paper based on 

wood supply, and a f f e c t  t he  annual wood volume requirement. They a l s o  a f f e c t  

a l l  o ther  manufacturing cos ts .  

The four major wood supply sources f o r  pulp and paper-making a re : .  

(a)  na tu ra l  s tands  of softwoods (coni fe rs ) ;  (b) temperate and t r o p i c a l  hardwoods; 

(c )  p l an t a t ions ;  and (d) wood res idues  from sawmill operat ions.  



VI.B.2.l.a Softwood 

Northern con i f e r s ,  e spec i a l ly  spruce (Picea spp. 1, pine  (Pinus sPP 1, 

balsam o r  f i r  (Abies spp.),  and hemlock (Tsuga spp.),  a r e  h i s t o r i c a l l y  

prefer red  by t h e  paper industry.  They a r e  charac te r ized  by occurrence i n  

n a t u r a l  f o r e s t s  i n  dense, r e l a t i v e l y  pure s tands ,  making f o r  economical 

harves t ing ,  by long f i b e r s  which lead t o  easy processing and s t rong  paper,  

and by physical  c h a r a c t e r i s t i c s  such a s  dens i ty ,  bark volume and t r e e  s i z e  

and shape wi th  which t h e  f o r e s t e r s  and engineers  could cope. I n  consequence, 

much procurement p r a c t i c e  and most of t h e  wood harves t ing ,  t ranspor t ing ,  

barking, chipping, d iges t ing  and pulp-treat ing equipment have been designed 

and have evolved s p e c i f i c a l l y  t o  process  t hese  woods and woods wi th  s imi l a r  

c h a r a c t e r i s t i c s .  The average. f i b e r  length  of t h e  coniferous spec ies  is about 

3.5 millimeters wi th  r e l a t i v e l y  l i t t l e  v a r i a t i o n ,  except f o r  a few spec ies  . 
with  unusually long f i b e r s .  The coniferous woods may be pulped by any of t h e  

known processes  ( r e f e r  t o  Sect ion VI.B.3.2). The world's main coniferous 

f o r e s t s  a r e  found i n  t h e  U.S.S.R., North America and i n  Northern Europe. 

High-quality packaging papers and paperboards, such a s  mult iwal l  sack 

paper,  wrapping papers and l inerboards  f o r  t h e  manufacture of corrugated 

conta iners ,  r equ i r e  high s t r eng th  because of t he  rough treatment which they 

rece ive  i n  use. Such products usua l ly  contain a s u b s t a n t i a l  proport ion of long- 

f i b e r  softwood pulp because of the  important r o l e  which f i b e r  l eng th  plays i n  

providing shee t  s t rength .  



VI.B.2.l.b Hardwood 

For many yea r s  t h e  hardwoods were not  h ighly  regarded a s  raw 

ma te r i a l s  f o r  pulp, due i n  l a r g e  measure t o  t h e  shor tness  of t h e i r  f i b e r s ,  

but  hardwood pulps a r e  now becoming increas ingly  important i n  t h e  paper industry.  

The f i b e r  l eng th  of t h e  usefu l  hardwood spec ies  is about 1.2 mi l l imeters  on 

average, t h e  range being from 0.7 t o  1.8 mil l imeters .  

Many grades of paper do not  r e q u i r e  t h e  high s t r e n g t h  c h a r a c t e r i s t i c s  

f o r  t h e i r  end-use app l i ca t ions ,  and t o  t hese  grades hardwood pulps br ing  o ther  

des i r ab l e  c h a r a c t e r i s t i c s .  Smoothness, opac i ty  and evenness of shee t  formation 

a r e  important i n  t h e  p r i n t i n g  and wr i t i ng  papers and hardwood pulps o f f e r  

d e f i n i t e  advantages i n  a t t a i n i n g  these  c h a r a c t e r i s t i c s .  I n  many a r e a s  i n  t h e  

world where t h e  market is prepared t o  compromise wi th  reduced s t r e n g t h  i n  

paper and paperboard employed f o r  packaging purposes, apprec iab le  amounts of 

hardwood pulp can be used i n  t h e  manufacture of t hese  grades,  but  i n  most 

products some proport ion of long-fiber pulp is  used t o  a t t a i n  minimal s t r eng th  

requirements. Thus, hardwood pulp can be used t o  make most grades of p r i n t i n g  

and wr i t i ng  papers and t i s s u e ,  with supplementation of 20 t o  35% of long- 

f i b e r  pulp, o r  o f t en  even l e s s ,  while  l inerboard ,  wrapping and mult iwal l  bag 

paper may have up t o  50% of shor t - f iber  pulp. 

The use of hardwoods has both p o s i t i v e  and negat ive e f f e c t s  on wood 

cos ts .  The higher dens i ty  usua l ly  r e s u l t s  i n  lower cos t  per  u n i t  weight when 

wood procurement is  by volume, and a l s o  i n  a requirement of l e s s  d i g e s t e r  space 

f o r  a given pulp-making capac i ty  o r ,  conversely, a higher pulp production 

from a v a i l a b l e  d iges t e r  space. Lignin content ,  t he  l e a s t  d e s i r a b l e  major 



cons t i t uen t  of t h e  wood, is gene ra l l y  much less i n  t h e  hardwoods commonly 

used f o r  pulping and t h i s  r e s u l t s  i n  less chemical and steam consumption i n  

pulping these  woods than i n  pulping softwoods. On t h e  o the r  hand, hardwood 

pulps  a r e  s low-draining and weak, r equ i r ing  l a r g e r  washing and sheet-forming 

equipment. Furthermore hardwood pulping r e q u i r e s  more purchased f u e l ,  as 

less steam and power can be generated than f o r  softwood due t o  reduced wood 

s o l i d s  i n  t h e  spent  pulping l iquors .  

The hardwood trees most i n  use  inc lude  beech (Fagus spp.), b i r c h  (Betula 

spp.),  t h e  poplar-aspen-cottonwood family (Populus spp.), t h e  gums (Liquidambar 

spp. and Nyssa spp. ) , t h e  euca lypts  (Eucalyptus spp. 1, maple (Acer spp. 1, oak 

(Quercus spp. ), elm (Ulmus spp. ) , ash  (Fraxinus spp. ), a l d e r  (Alnus rubra)  and 

w a t t l e  (Acacia spp.). Many t r o p i c a l  hardwoods a r e  a l s o  employed, such a s  gewa 

(Excoecaria aga l locha)  and many l o c a l  hardwoods near  m i l l  sites i n  Ind ia ,  

Pakis tan,  Colombia and Brazi l .  I n  general ,  hardwood f o r e s t s  can be found i n  

a l l  temperate and t r o p i c a l  a r e a s  such a s  Southern U.S.A., Cent ra l  and South 

Europe, La t in  and South America, Afr ica ,  Far East ,  Aus t r a l i a  and o ther  P a c i f i c  

regions.  

U t i l i z a t i o n  of n a t u r a l  f o r e s t s  of t r o p i c a l  hardwoods is  of g r e a t  

importance, e s p e c i a l l y  i n  developing count r ies .  However, t he se  f o r e s t s  o f t e n  

conta in  a g rea t  v a r i e t y  of spec ies ,  wi th  a wide range of wood dens i ty  and 

o ther  p rope r t i e s ,  and some of them do not  pulp by t h e  common processes.  

Hardwoods (with t h e  exception of some t r o p i c a l  spec i e s )  may be used i n  

t h e  chemical* and d i s so lv ing  pulping processes ,  a s  these  methods can pulp 

*The pulping processes  a r e  descr ibed i n  Sect ion VI.B.3.2. 



almost any wood species .  For chemimechanical and semichemical pulps 

hardwoods are prefer red ,  b a s i c a l l y  because t h e s e  pulps a r e  used pr imar i ly  

in t h e  manufacture of  newsprint and o the r  c u l t u r a l  papers. Neutral  s u l p h i t e  

semichemical (NSSC) pulps a r e  made predominantly f o r  corrugat ing medium and, 

f o r  this purpose, hardwoods a r e  aga in  preferred.  However, t h e  pulping of 

hardwood by mechanical processes is  not  commonly employed, s i n c e  t h e  c e l l u l o s e  

f i b e r s  of hardwoods a r e  s h o r t ,  and a r e  f u r t h e r  shortened i n  t h e  very harsh 

gr inding process. I n  t h e  last years ,  a pene t ra t ion  of hardwoods i n  t he  

t r a d i t i o n a l l y  softmod-using mechanical processes  has occurred, e spec i a l ly  i n  

a r e a s  where resources of long-fiber wood a r e  not  ava i lab le .  

VI.B.2.l.c P l an ta t ion  Wood 

Despite t h e  f a c t  t h a t  p l an t a t ion  r equ i r e s  both an  i n i t i a l  investment, 

and a lengthy ges t a t ion  period await ing r e tu rns ,  s i g n i f i c a n t  developments i n  

wood pulp production a r e  based on p l an ta t ion  sources of f i b rous  raw mater ia l .  

I n  t h e  co lder  zones, t h e  e s s e n t i a l  c o n i f e r s  planted a r e  var ious  spec ies  of spruce, 

p ine  and hemlock, while i n  t he  warmer zones t h e  con i f e r  p l an ta t ions  almost 

exclusively cons i s t  of some p ine  species .  The p r inc ipa l  hardwoods planted a r e  

t h e  eucalypts  and poplars.  

Where in t ens ive  p l an ta t ion  f o r e s t r y  of s u i t a b l e  spec ies  is  p rac t i s ed ,  

t h e  r e s u l t s  a r e  a homogeneous raw mater ia l ,  high y i e l d s  per hec tare  and s h o r t  

ro t a t ions .  The r a t e s  of growth vary enormously according t o  spec ies ,  s i t e ,  

r a i n f a l l ,  temperature, l ength  of growing season, and o ther  f ac to r s .  In  very 

broad t e r m s ,  con i f e r s  i n  t h e  no r th  temperate zones and i n  some Mediterranean 

count r ies  have a mean annual increment of 2 t o  5 cubic meters per hec tare ,  

and under except ional ly favorable  circumstances,  10 t o  20 cu m per  hectare .  In  



t h e  t r o p i c s  and sub t rop i c s ,  1 5  t o  20 cu m/ha is  represen ta t ive .  The f a s t e s t -  

growing hardwoods, such a s  euca lypts  and poplars ,  produce annual increments of 

20 t o  30 cu m/ha. 

For pulpwood, r o t a t i o n s  of 1 2  t o  1 5  yea r s  f o r  coni fe rous  spec ies  and 

of 5 t o  1 0  yea r s  f o r  broadleaved spec i e s  a r e  common i n  t h e  t r o p i c s  and sub- 

t r o p i c s ,  and between 20 t o  30 yea r s  f o r  c o n i f e r s  and 8 t o  1 5  f o r  broadleaved 

spec i e s  i n  t h e  temperate zones. 

VI.B.2.1.d Wood Residues 

The u t i l i z a t i o n  of wood r e s idues  from sawmilling and o the r  f o r e s t  

i n d u s t r i e s  i n  pulp-making i s  of g r e a t  importance. I n  1970, i n  both t h e  United 

S t a t e s  and Canada, about 28% of  t h e  t o t a l  wood requirements f o r  pulp production 

came from wood residues.  

The u t i l i z a t i o n  of ch ips  g ives  rise t o  c e r t a i n  problems, including 

t h e  provis ion  of barking and chipping equipment a t  sawmills, t r anspo r t a t i on  

arrangements, and d e t e r i o r a t i o n  and l o s s  of wood substance in storage.  

However, t h e  development of c e n t r a l  s l a sh ing  p l a n t s  f o r  barking and s o r t i n g  

of wood f o r  var ious  f o r e s t  i n d u s t r i e s ,  t h e  cons t ruc t ion  of spec ia l ized  ocean- 

going "chip ca r r i e r s " ,  and b e t t e r  inventory con t ro l  t o  avoid prolonged s to rage  

per iods  have improved t h e  economy of ch ip  use. 

The in t roduc t ion  of g r ea t e r  mechanization i n  t h e  f o r e s t s ,  including 

barking and chipping equipment, has provided t h e  opportuni ty  f o r  making wider 

use of logging r e s idues  and n a t u r a l  f o r e s t  th inn ings ,  s i n c e  they r ep re sen t  

a s i g n i f i c a n t  volume of f i b r o u s  raw mater ia l .  Furthermore, t h e  success fu l  

l a rge-sca le  manufacture of r e f i n e r  mechanical pulp from sawdust has added y e t  

- another p o s s i b i l i t y  t o  i n d u s t r i a l  waste u t i l i z a t i o n .  



VI.B.2.2 Non-wood P lan t s  

A l l  p l an t  ma te r i a l  conta ins  c e l l u l o s e  and a number of non-wood 

p l a n t s  have proven s a t i s f a c t o r y  f o r  t h e  establishment of economic pulp and 

paper mills. Included in t h i s  group a r e  bamboo; a g r i c u l t u r a l  res idues  such 

as sugarcane bagasse and straws; reeds l i k e  papyrus and f l a x ;  rags  and co t ton  

l i n t e r s ;  and grasses  l i k e  espar to  and saba i  grass .  Table V1.B-2 shows a l i s t  

of a g r i c u l t u r a l  res idues  and crops considered s u i t a b l e  f o r  paper manufacture. 

About 6% of t he  world's v i r g i n  pulp production is  based on these  

mater ia l s .  This low percentage is  not  t he  r e s u l t  of u n s u i t a b i l i t y  o r  i n f e r i o r i t y  

of t h e  f ib rous  ma te r i a l ,  but can be a t t r i b u t e d  t o  t h e  l imi ted  supp l i e s  and 

t h e  economics of production. 

VI.B.2.3 Wastepaper . 

Annual world consumption of wastepaper i n  t h e  manufacture of paper 

and paperboard i s  estimated t o  be about 25X of a l l  f i b rous  raw mater ia l .  

Wastepaper is  assuming added importance as new o r  v i r g i n  f i b e r  becomes more 

c o s t l y  and a s  publ ic  opinion shows increas ing  concern over waste and ecologica l  

contamination. Many coun t r i e s  have developed highly organized c o l l e c t i o n  

systems f o r  reclaiming wastepaper f o r  f i b e r  reuse. The recovery r a t e ,  which 

i s  t h e  r a t i o  of t he  volume of wastepaper co l l ec t ed  t o  t h e  t o t a l  consumption of 

paper and paperboard, and the  use of wastepaper i n  t he  OECD coun t r i e s ,  i n  1978, 

a r e  shown i n  Figure V1.B-1. The United Kingdom heads t h e  l i s t  with more than 

50% of t he  f i b e r  fu rn i sh  from wastepaper. 



TABLE V1.B-2 

AGRICULTURAL RESIDUES AND CROPS CONSIDERED 
SUITABLE FOR PAPER MANUFACTURE 

Rnidw or crop P0pcr g m h  

Bagas~e Newspriut, writing and printing papen. kraft grades, brown 
board and other types of board 

S a w  (wheat, ricc. barley, oats) Writing aod printing papers liner board, corrugating medium 
and other types of bad 

Mpip st& Liner boaad, cormgating medium and other types of board 
Sirrl Hard tissua, cigarette tiwe 
Sunlhmr s t a h  Liner board grada and corngating medium 
Cottocl stalk Corrugating medium 
Dam p.lm leaves Brown b o d  bag paper 
Banana sum¶ Hard tissues, rpciality gads 
Pineapple lepws Liner board and corngating medium 
Coauwa hemp (CMMbu sariyo) Hard tisuvs, cigarette paper, speciality grades 
Sorghum (Sorghum vulgorr) Liner b o d  o~rmgatiug di and other types of board 
Sun hemp (Cmtalaria junicea) Hard thrucS cigarette papen. speciality grades 

Source: Jeyasingam, T., "Appropriate Technology f o r  a Low-Cost Paper 
P r o j e c t  t o  S t imula te  t h e  Rural Economy1', U N D O  series: Monographs 
on Appropriate I n d u s t r i a l  Technology, No. 3, New York, 1979. 
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I n  t h e  ca se  of t he  developing coun t r i e s ,  more i n t e n s i v e  use  of paper 

and paperboard products  during t h e i r  f i r s t  cyc le  of u t i l i t y ,  and t h e  absence 

of a paper-making indus t ry  a b l e  t o  use wastepaper, r e s u l t  i n  low recovery r a t e s .  

Most f i b e r  obtained from t h e  repulping of wastepaper is not  of such 

h igh  q u a l i t y  as v i r g i n  o r  o r i g i n a l  f i b e r  produced i n  a pulp m i l l ,  due t o  

contamination by p r i n t i n g  i n k  and impur i t i e s ,  and d e t e r i o r a t i o n  of t h e  f i b e r  

q u a l i t y  i n  t h e  repulping process.  Nevertheless ,  pulp f i b e r  obtained from waste- 

paper i s  a very s a t i s f a c t o r y  paper-making substance f o r  c e r t a i n  purposes and 

l a r g e  q u a n t i t i e s  cont inue t o  be used even i n  t h e  more a f f l u e n t  coun t r i e s  having 

access  t o  comparatively cheap v i r g i n  pulp suppl ies .  

Wastepaper pulp has  two main uses:  t h e  manufacture of p r i n t i n g  and 

w r i t i n g  papers ,  and t h e  manufacture of paperboard. Wrapping papers ,  u sua l ly  

coarse ,  a r e  a l s o  made us ing  reclaimed wastepaper. 

VI.B.3 Manufacturing Processes* 

The paper manufacturing process  mainly involves  t h e  pulping of raw 

ma te r i a l  i npu t s  and t h e  conversion of pulp t o  paper. A genera l  process  flow 

of a pulp m i l l  is  shown i n  Figure V1.B-2. Pulp e i t h e r  can be processed t o  

paper i n  t h e  same in t eg ra t ed  m i l l ,  o r  can be d r i ed ,  packaged and t ranspor ted  t o  

a s epa ra t e  paper m i l l .  Pulp can e i t h e r  be  bleached o r  no t ,  depending on t h e  

raw ma te r i a l s  used, t he  des i red  q u a l i t y  of t h e  end-products, and t h e  kind of 

pulping process i n  use. The f i b r o u s  raw ma te r i a l  p repara t ion ,  pulping, and 

papermaking opera t ions  w i l l  be presented i n  t h e  following sec t ions .  

*Source: U.N.,  Food and Agr icu l ture  Organization, "Guide f o r  Planning Pulp and 
Paper Enterpr ises" ,  Rome, 1973; Gavelin,  G.,  "Pulping Technology and 
Requirements and P o t e n t i a l i t i e s  of Developing countr ies" ,  UNIDO s e r i e s :  
Monographs on Appropriate I n d u s t r i a l  Technology, No. 3,  New York, 1979; 
Kline,  J .E . ,  "Paper and Paperboard. Manufacturing and Converting 
Fundamentals", Miller Freeman Publ ica t ions  Inc. ,  San Francisco,  1982; 
and var ious  o the r  sources.  



--, 
Chemical 

prepurtion 

Paper -making 

Packaging & .  

FIGURE V1.B-2 

GENERAL PROCESS now IN A PULP MILL 

Source: U.N., Food and A g r i c u l t u r e  Organizat ion,  "Guide f o r  Planning Pulp and 
Paper En te rpr i ses" ,  Rome, 1973. 



VI.B.3.1 Wood Handling and Prepara t ion  

There a r e  two major a l t e r n a t i v e  suppl ies  of wood t o  t h e  pulp m i l l :  

roundwood ( logs)  and ch ips ,  and a minor one, sawdust o r  o ther  waste. Roundwood 

comes from fo re s t ing ,  while  wood ch ips  and sawdust a r e  i n d u s t r i a l  wastes 

produced by sawmilling operat ions.  Not a l l  of these  physical  forms of wood 

can be used wi th  every type  of pulping processes.  The requirements of each 

pulping process  w i l l  be discussed i n  t h e  next sect ion.  . 

The wood preparat ion s t a g e  includes some o r  a l l  of t h e  following 

operat ions:  debarking, chipping, ch ip  screening and s torage.  When t h e  wood 

supply is i n  the  form of roundwood, i t  can be s tored  a s  l ogs ,  o r  chipped and 

s to red  a s  chips.  Logs a r e  usua l ly  de l ivered  i n  tree lengths ,  and can be s tored  

a s  received o r  a f t e r  debarking. They a r e  e i t h e r  s tored  i n  p i l e s  o r ,  i n  some 

cases ,  i n  r a f t s  f l o a t i n g  i n  t h e  body of water ad jacent  t o  t h e  m i l l .  

Bark amounts t o  8 t o  25 percent  of t h e  volume of rough wood, and it 

is removed by mechanical o r  hydraul ic  ac t ion .  After  debarking, t h e  bark i s  

normally pressed t o  remove water and burned i n  a u x i l i a r y  b o i l e r s  f o r  i t s  f u e l  

value. Af te r  bark removal, t h e  l ogs  a r e  ready f o r  s torage ,  grinding o r  chipping. 

In  chemical pulp m i l l s ,  l ogs  a r e  reduced t o  ch ips  i n  order  t o  obta in  rapid 

uniform pulping. Chips a r e  usua l ly  15  t o  20 mi l l imeters  long and a few m i l l i -  

meters  t h i ck ,  t h e  width being i n  t h e  range of 10  t o  30 mi l l imeters .  The main 

func t iona l  element of a chipper is a l a r g e  heavy r o t a t i n g  s t e e l  d i s k  on which 

chipping knives a r e  mounted r a d i a l l y ,  4 t o  20 knives normally being used. 

Chippers of t h i s  type a r e  t he  most common today but var ious  new types e x i s t  on 

t h e  market. 



Chips a r e  screened t o  remove undersize "fines", which merely consume 

chemical i n  t h e  pulping operat ion and g ive  low pulp y ie ld .  Oversized ch ips ,  

which would no t  pulp properly,  a r e  a l s o  separated and pass  through a re- 

chipper.  Accepted ch ips  a r e  s tored  ou t s ide  o r  i n  s i l o s .  Storage is  arranged 

t o  al low segregat ion of wood species:  hardwoods from softwoods o r  p ine  from 

other  softwood species .  This permits  varying pulp products according t o  t h e  

mill's production program. 

The d i f f e rence  between t h e  r e c e i p t  of l ogs  o r  ch ips  a t  t h e  pulp m i l l  

i s  of considerable  magnitude, and l i e s  in  the  f a c t  t h a t  t h e  opera t ions  of 

debarking, chipping and primary chip screening have been t r ans fe r r ed  i n  whole 

o r  i n  p a r t  from t h e  pulp m i l l s  t o  t h e  sawmills o r  chipping p lan ts .  Many s a w m i l l s  

a r e  normally required t o  supply one pulp m i l l .  There a r e  b e n e f i t s  both t o  

t h e  sawmills, which r e a l i z e  a s ign i f i can t -new source of income i n  exchange f o r  

a r e l a t i v e l y  s m a l l  c a p i t a l  investment, and t o  t h e  pulp m i l l  both i n  c a p i t a l  

investment and i n  wood cos ts .  Recently t h e  use  of sawdust has  added t o  t hese  

bene f i t s .  

VI.B.3.2 Pulping Processes 

Pulping may be defined a s  t h e  separa t ion  of f i b e r s  

1 Fibrous raw materials I 
Pulping procesws 

I - 
t Fibres: yield 33 -95% '1 1 Nonfibrous residues 1 

FIGURE V1.B-3 

SEPARATION OF FIBERS FRO11 XONFIBROUS RESIDUES 

Source: U.N., Food and Agricul ture  Organization, "Guide f o r  Planning Pulp and 
Paper Enterprises" ,  Rome, 1973. 



Pulping processes  involve t h e  app l i ca t i on  of mechanical energy o r  

chemicals o r  both. In Table V1.B-3, a  number of r ep re sen t a t i ve  commercial 

pulping processes  a r e  c l a s s i f i e d ,  and arranged in order  of  t h e  percentage y i e l d  

of u se fu l  paper-making f i b e r  based on a given wood supply. An ind i ca t ion  of 

t h e  p r i n c i p a l  uses  of t h e s e  pu lps  is  a l s o  given. 

The two extremes of pulping processes  may be represented a s  follows: 

Mechanical processes Hybrid pnmsses Chemical processes 

Meclunk1 energy Combinations of chemical Chemicals and heat 
Little or no chemicals and mechanical treatments Little or no mechanical 

and heat 
High yield 
lmourc fibres 

energy 
Intermediate yields and LO,,, yield 
pulp properties Pure fibres 

PO& strength 
Good printing quality 
Difficult bleaching 

Good strength 

Easy bleaching 

Source: U.N., Food and Agr icu l ture  Organization, "Guide f o r  Planning Pulp and 
Paper Enterpr ises"  , Rome, 197 3. 

On a  worldwide b a s i s ,  approximately one-third of t h e  paper production 

is from mechanical pulps  and two-thirds is from chemical pulps.  

V I .  B. 3.2.a Mechanical PuIpinq 

Mechanical pulp i s  used i n  newsprint and, t o  some ex t en t ,  i n  most 

o the r  p r i n t i n g  papers. It is  found i n  many t i s s u e  products  and sometimes i n  

the  cen t e r  p ly  of paperboard. 

The important market is  newsprint.  Newspapers a r e  p r in t ed  wi th  an o i l -  

based ink which i s  "dried" by absorpt ion of t he  o i l  i n t o  t h e  paper,  and only 

mechanical pulp can g ive  t h e  newsprint t h e  rap id  o i l  absorp t ion  required.  



Class 

Typical processes 

Yield of fiber ( X )  

Fiberizing power, 
(kwh per ton) 

Preferred species 

Pulping 
chemicals 

Bleaching 
chemicals 

Uses 

TABLE VI. B-3 

Stone ground- 
wood 
Chip refiner 
groundwood 
Thermomechanical 
Ct~emimechanical 
Chemithermo- 
mechanical 

1 Conifers (poplars, 
' eucalypts, other 
1 hardwoods) 
Wood residues 

None 

None or hydrosul- 
phite or peroxide 
and hydrosulphite 

Newsprint 
Printing papers 
Writing papers 
Tissue 
Creped papers 
Container board 
Moulded pulp 
products 

PULPING PROCESSES 

Wastepaper 

Repulping 
wastepaper 

Mixed wastepaper 
Segregated 
wastepaper 
Old corrugated 
boxes 

Kraft waste 
Old newspapers 

Alkali, deter- 
Rents 

None or 
hydrosulphite 

Container board 
Paperboard 

I Newsprint 
Book paper 

1 Construction 
paper 

1 Moulded pulp 
products 

Semic hemical 

Cold soda 
Neutral sulphite 
semichemical- 
NSSC 

Hardwoods 
(softwoods) 

Sodium sulphite or 
Ammonium sulphite 
or Sodium hydroxide 

None or 
hypochlorite or 
hydrosulphite 

Newsprint 
Printing and 
writing papers 
Coating base 
Corrugating 

Chemical 

Sulphite 
Wagnef ite 
Sulpha te 
(kraft) 

S ivo la 
Stora 
Kopparber g 

None 

Almost any 

' Calcium, magnesium 
sodium or ammonium 
bisulphites plus 
Sulphurous acid 
or Sodium hydroxide 
plus Sodium 

I Sodium hydroxide 1 and hypochlorite 
with or without 
chlorine dioxide / or peroxide 

: All papers and paperboards 

Dissolving - 
Sulphite pre- 
hydrolyzed 
sulphate 
Sivola 

33-43  

None 

Almost any 

Bisulphites plus 
Sulphurous acid 
or Sodium hy- 
droxide plus 
Sodium sulphide 

Chlorine 
Sodium hydroxide 
Hypochlorite and 
Chlorine dioxide 

Textile fibers 
Chemicals 
Plastics 

Source: U . N . ,  Food and Agriculture Organization, "Guide for  Planning Pulp and Paper Enterpises", + 

Rome,1973, and various other sources.  



There a r e  f i v e  types of mechanical pulping processes: 

1 )  Stone-ground wood pulp (GWP) 

2) Refiner mechanical pulp (RMP) 

3) Thermomechanical pulp (TMP ) 

4 )  Chemimechanical pulp (C2-P) 

5) Chemithermomechanical pulp (CTMF') 

The GWP is t h e  only pulping method which u t i l i z e s  roundwood logs  a s  

f i b rous  raw mater ia l .  It w a s  invented i n  1840, when t h e  only a l t e r n a t i v e s  

were pulps from cot ton  and s t r a w .  Chemical pulps did not  a r r i v e  u n t i l  1870. 

However, i t  was only in t h e  1960's t h a t  f i b e r  morphological mechanisms were 

s u f f i c i e n t l y  understood t o  apply modern technology t o  t h e  manufacture of 

mechanical pulp. 

Shor t ly  af terwards,  i n t e r e s t  was drawn t o  chip-refining processes.  

This change was conditioned more by s c i e n t i f i c  advances than by t h e  obsolescence 

of t h e  GWP process.  A l l  t h e  o ther  mechanical pulping methods a r e  based i n  

chip re f in ing .  However, i f  mechanical pulp is t o  be produced, t h e  GWP process 

is  s t i l l  one of t h e  a l t e r n a t i v e s  t h a t  must be considered. 

Stone-ground wood pulp (GWP) 

The grinding of l ogs  is  ca r r i ed  out by pressing t h e  log  aga ins t  t h e  

p a r a l l e l  c y l i n d r i c a l  su r f ace  of a  gr inding s tone,  a s s i s t e d  by water showers. 

The roughened s tone su r f ace  removes t h e  f i b e r s .  Very l a r g e  q u a n t i t i e s  of power 

a r e  involved, and indeed t h i s  is i n  most cases  t he  l a r g e s t  element of cos t  i n  

groundwood manufacture i n  add i t i on  t o  t h e  cos t  of t h e  wood i t s e l f .  The ava i la -  

b i l i t y  of adequate supp l i e s  of e l e c t r i c  power a t  an acceptab le  cos t  is a  pre- 

r e q u i s i t e  i n  planning groundwood operat ions.  



Stone gr inders  a r e  designed f o r  continuous operat ion,  implying t h a t  

a supply of l ogs  is always a v a i l a b l e  t o  be held aga ins t  t h e  s tone  face ,  and 

t h a t  pressure  of t he  logs  aga ins t  t h e  s tone  is cons tan t ly  maintained. Grinders 

come i n  a v a r i e t y  of forms. The Great Northern gr inder ,  i l l u s t r a t e d  i n  

Figure V1.B-4 is a t y p i c a l  pocket gr inder .  A pressure  f o o t  ac t iva t ed  by a 

hydraul ic  cy l inder  holds t h e  logs  i n  each pocket aga ins t  t h e  s tone  face. Above 

each of t h e  two pockets is a magazine s t o r i n g  enough wood t o  r e f i l l  t h e  pocket 

a s  required.  Such an arrangement enables  an opera tor  t o  s e rv i ce  more than one 

gr inder  . 
GWP can be  produced from poplar ,  aspen, some spec ies  of eucalyptus,  

gum and most softwoods. Dense hardwoods a r e  not  s u i t a b l e ,  g iv ing  dark  and very  

weak pulps. Pine wi th  a high p i t c h  content  may g ive  too much operatirig t roub le  

al though some improvement can be achieved by a l k a l i n e  grinding. The wood t o  be 

ground must be ava i l ab l e  a s  logs,  p referab ly  green, from t h e  f o r e s t ,  s t r a i g h t  

and c a r e f u l l y  debarked. Sawmill wastes a r e  no t  usable.  

A 6,000 KW e l e c t r i c a l  supply and c l ean  water t o  an amount of 10-15 

3 
cubic meters per ton (m / t )  a r e  t h e  o ther  requirements. The process  is  simple. 

The only work requi r ing  spec ia l ized  t r a in ing  is  weekly sharpening of t h e  

grinding st one. 

3 
To produce one ton of GWP, 2.33 m of so l id  debarked wood is needed. 

T h e  wood y i e l d  i s  d i f f i c u l t  t o  determine accura te ly ,  but w i l l  be i n  the  range of 

95 t o  97 percent.  Depending on the pulp grade made (from coarse  paperboard 

pulp t o  pulp f o r  add i t i on  t o  f i n e  p r i n t i n g  paper) t h e  energy requirement w i l l  

be 800 t o  1,500 kWh/t. These two c o s t  items a r e  t h e  main ones and a r e  almost 

independent of p lan t  s i ze .  



FIGURE VI. B-4 

POCKET GRINDER 

Source: U. N., Food and A g r i c u l t u r e  Organ iza t ion ,  "Guide f o r  Planning Pulp  and 
Paper En te rpr i ses" ,  Rome, 1973. 



The following da t a  apply t o  a  non-integrated GWP m i l l  producing 100 

tons  per  day ( t / d )  of news-grade pulp, per  ton of product: 

Wood 3 
2.33 m / t  

E l e c t r i c i t y  f o r  gr inding 1000 KWh/ t  

E l e c t r i c i t y  f o r  screening, drying 500 KWh/t 

Water 10-15 m 3 / t  

Labor requirements a r e  dependent on t h e  s i z e  of t h e  p l an t ,  but they  

a r e  comparatively low. 

Refiner mechanical pulp (RMP) 

Refiner mechanical pulp is produced by r e f i n i n g  wood ch ips  i n  d i s k  

r e f i n e r s  without use of chemicals o r  steam. The saute raw m a t e r i a l s  a r e  used 

a s  f o r  GWP, but t h e  wood can a r r i v e  a t  t h e  m i l l  e i t h e r  as logs ,  which a r e  then 

chipped, o r  a s  ch ips ,  sawdust and o the r  res idues  from s a w m i l l s  and wood- 

processing indus t r i e s .  The process  flow is i l l u s t r a t e d  in Figure V1.B-5. 

A chip washer is necessary t o  remove tramp i r o n  and sand. Defibr izing 

is  accomplished by t h e  ac t ion  of r e f i n e r  p l a t e s  f i t t e d  t o  two v e r t i c a l  d i s k s  

f a c e  t o  face ,  with a  small  c learance  between them. One of the d i s k s  may be 

s t a t i ona ry ,  o r  both d i sks  may r o t a t e .  

The capac i ty  of l a r g e  double-disk chip r e f i n e r s ,  wi th  1.2-meter (48- 

inch)  d i sks ,  is about 50 t o  150 tons  per day depending on the  na tu re  of t h e  

f i b  being fed,  and on whether t h e r e  has been chemical o r  o ther  pretreatment.  

With no chemical pretreatment t h e  lower f i g u r e  is  normal. It is  customary t o  

c a r r y  out  chip r e f in ing  i n  two o r  t h ree  successive s tages ,  wi th  d i f f e r i n g  power 

input  i n  each s tage.  



+ 
Double-disk refiners 
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FIGURE V1.B-5 

REFINER MECHANICAL PULPING PROCESS FLOW 

Source: U.N., Food and Agr i cu l t u r e  Organization, "Guide f o r  Planning Pulp and 
Paper Enterpr ises" ,  Rome, 1973. 



RMP is 50 t o  100 percent s t ronger  than GWP from t h e  same wood of 

equal drainage c h a r a c t e r i s t i c s ,  bu t  t h i s  high s t r eng th  has t o  be paid f o r  by 

t h e  use  of about 50 percent  more e l e c t r i c a l  energy (1,200 t o  2,200 kWh/t). 

To t h e  a d d i t i o n a l  power cos t  must be added t h e  cos t  of p l a t e s ,  which have a 

l i f e  of 400 t o  500 hours, compared with two t o  t h ree  years  f o r  stones.  However, 

t he  a b i l i t y  t o  u t i l i z e  cheaper f i b rous  raw ma te r i a l ,  o r  spec ies  not  r e a d i l y  

pulped by s tone  gr inders ,  has r e su l t ed  in t h e  adoption of t h i s  process  i n  

many m i l l s .  I n  addi t ion ,  RMP has higher  s t r e n g t h  than GWP, thereby reducing 

t h e  requirement of more expensive chemical pulp i n  t h e  paper-making operat ion.  

Thermomechanical p d p  (TMP) 

TMP is a f u r t h e r  development of RMP, charac te r ized  by t h e  add i t i on  of 

a steam treatment of t he  ch ips  p r i o r  t o  re f in ing .  This treatment so f t ens  t h e  

ch ips  and g r e a t l y  reduces f i b e r  damage i n  t h e  i n i t i a l  phase of t h e  f i b e r  

separat ion.  A s  a consequence, TMP w i l l  normally have a lower sh ive  content  and 

a higher long f i b e r  f r a c t i o n  than RMP. Dusting and l i n t i n g  w i l l  be under b e t t e r  

control .  Both t e n s i l e  s t r eng th  and t e a r  r e s i s t a n c e  w i l l  be higher than f o r  

lU4P of equal drainage c h a r a c t e r i s t i c s .  

There a r e  many v a r i e t i e s  of t h e  RMP and TMP processes adapted t o  

d i f f e r e n t  end-products and t o  d i f f e r e n t  r e f i n e r  designs. It is  d i f f i c u l t  today 

t o  draw a s t r i c t  l i n e  between the  two processes.  Current ly,  i n  a t yp ica l  TMP 

0 p lan t  t h e  ch ips  a r e  pre-steamed i n  a pressurized ves se l  a t  120 t o  1 3 0 ' ~  f o r  

two t o  t h ree  minutes and then immediately re f ined  a t  t h e  same pressure.  They 

a r e  then re f ined  i n  a second s t a g e  a t  atmospheric pressure.  Al te rna t ives  a r e  

p r e s s u r k e d  s ingle-s tage r e f in ing ,  pressurized r e f in ing  i n  two s tages ,  atmospheric 

s ingle-s tage r e f i n i n g  and atmospheric steaming followed by pressurized r e f in ing .  



The wood y i e l d  in TMP manufacture may be 1 t o  2 percent  lower than 

f o r  GWP. Most published records  i n d i c a t e  a y i e l d  i n  t h e  range 92 t o  94 percent .  

Peroxide bleaching w i l l  reduce t h e  y i e l d  f u r t h e r  by 1 t o  2 percent .  

The energy requirement is  400-500 kWh/t higher  than f o r  GWP: about 

1,400 kWh/t f o r  a board-grade pulp and 1,900 kWh/t f o r  a news-grade pulp,  

including screening and cleaning. This  d i f f e r e n c e  between t h e  two processes  i s  

n o t  s i g n i f i c a n t l y  a f f ec t ed  by steaming the  chips.  

A TMP m i l l  producing 300 A D T / ~  ( a i r  d ry  tons/day) of pulp r equ i r e s  

t h e  following per  ton of output:  

Woodchips 2 t  

E l e c t r i c i t y  2000 kWh/t 

Power (load) 100 kW 

Natural  ga s  f o r  f l a s h  drying 3.2 M BTU 

Water 12.7 t 

S i t e  a r e a  (for  300 A D T / ~ )  16  ha 

Manpower ( for  300 A D T / ~ )  100 

There is no d i f f e r e n c e  i n  l abo r  demand between a TMP m i l l  us ing ground 

wood and a GWP p lan t  wi th  modern t r anspo r t  and gr inder  feeding arrangements. 

Chemimechanical pulp (CMP) 

CMP i s  an RMP manufactured from chips  t r e a t e d  with chemicals a t  room 

temperature. The chemicals used mostly a r e  sodium s u l p h i t e ,  sodium hydroxi te ,  

sodium carbonate and sodium peroxide, a lone o r  i n  var ious  mixtures.  Only 2 t o  

6 percent  chemicals t o  the  weight of wood a r e  used, and up t o  50 percent  of t h e  



chemicals added may leave  t h e  process  wi th  t h e  pulp, having reac ted  w i t h  t h e  

wood cons t i t uen t s  without d i sso lv ing  them. The wood y i e l d  should not be allowed 

t o  go below 90 percent  i f  t h e  good o p t i c a l  p rope r t i e s  of mechanical pulp a r e  

t o  be re ta ined .  Many hardwoods, which cannot g ive  good G W  o r  TMP, a r e  

successfu l ly  pulped by t h e  CMP process,  now t h a t  i t  i s  poss ib l e  t o  avoid too 

much l o s s  of capaci ty.  

The manufacturing c o s t s  f o r  CMP w i l l  d i f f e r  from those of RMP owing 

t o  t h e  chemicals involved. I n  CMP manufacture both pulp q u a l i t y  and economy 

a r e  c r i t i c a l l y  dependent on a s t r i c t  con t ro l  of t he  r a t e  of dosage of chemicals. 

It is  a l s o  very important t o  ensure t h a t  t h e  chemicals have penetrated t h e  ch ips  

before re f in ing .  Over-treatment of t h e  ch ip  sur faces  w i l l  reduce t h e  qua l i ty .  

Therefore, although t h e  process  is  a s  simple a s  t h e  RMP one, more a t t e n t i o n  

should be given t o  process  cont ro l .  

Physical ly ,  t h e  CMP p lan t  w i l l  d i f f e r  from t h e  TMP p lan t  only by the  

3 
add i t i on  of a 10-m tank f o r  t he  chemical so lu t ion ,  an impregnator, and a 

somewhat l a r g e r  pre-heater. 

Labor requirements f o r  a CMP m i l l  a r e  t h e  same a s  f o r  a TMP m i l l .  

Chemithermomechanical pulp ( C W  ) 

CTMP is  a TMP made from chemically pre-treated chips.  Lately,  a number 

of a r t i c l e s  have been published t h a t  r epo r t  remarkable q u a l i t y  s u p e r i o r i t i e s  of 

CTMP compared t o  TMP. In  p a r t i c u l a r ,  higher c l ean l ines s  and higher s t r e n g t h  

a r e  claimed. The energy consumption is  no t  s i g n i f i c a n t l y  a f f ec t ed  by the  use 

of chemicals. 



- ,, CTMP technology is  under rap id  development, and it is  not  ye t  known 

which v a r i e t y  of t h e  process  w i l l  p r eva i l .  However, i t  is  advisable  t o  s t a r t  

by steaming the  ch ips  a t  atmospheric pressure,  using excess steam from the  

process. Thereby, a i r  i s  expelled and t h e  ch ips  ob ta in  uniform temperature 

and moisture. No chemicals should be added a t  t h i s  s tage.  The ch ips  should 

then be washed i n  7 0 ' ~  hot-process white  water f o r  removal of sand and loose  

bark  and f o r  a more uniform chip  moisture. Af te r  dra in ing  o f f  water from t h e  

washed ch ips  one can proceed t o  impregnation with chemicals. A low temperature 

a t  t h i s  s t a g e  i s  preferab le ,  but i t  is no t  f e a s i b l e  t o  go much below the  white- 
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water temperature of 70 C. The chemicals pene t ra t ing  i n t o  t h e  wood w i l l  

swel l  t h e  f i b e r  w a l l  and r e a c t  wi th  t h e  l i g n i n ,  making t h e  l a t t e r  s o f t e r  

and more hydrophilic.  A l a t e r  treatment i n  t h e  standard TMP pre-heater causes 

t h e  modified l i g n i n  molecules t o  polymerize so that they a r e  l e s s  e a s i l y  s o l u b i l i  

Chemicals that have not  reacted wi th  t h e  wood w i l l  be p a r t l y  r ec i r cu la t ed  wi th  

t h e  white  water back t o  t he  CTMP m i l l .  No chemical recovery process  is needed. 

The CTMP process d i f f e r s  from t h e  CMP process  only by t h e  f a c t  t h a t  i n  

t he  former ca se  the  impregnator and pre-heater a r e  b u i l t  a s  pressure  ves se l s ,  

while i n  t h e  CMP process ,  they a r e  atmospheric. This has no e f f e c t  a t  a l l  on 

the  p l a n t ' s  l abor ,  a r ea  and water requirements. 

The choice between the  CMP and CTMP processes w i l l  depend on pulp 

q u a l i t y  cons idera t ions  and on t h e  wood spec ies  used. There may be a l s o  a d e s i r e  

t o  produce TMP a s  wel l  a s  CMP or  CTMP i n  t h e  same p lan t .  On t h e  o ther  hand, i t  

is poss ib le  t h a t ,  with some wood spec ies ,  t h e  CMP process  w i l l  g ive  a b e t t e r  

pulp than t h e  CTMP process. 



Bleaching mechanical pulps 

All mechanical pulps can be bleached t o  75 t o  80 percent  br ightness  

wi th  sodium peroxide. I f  a br ightness  l e v e l  of 70 percent  i s  adequate, 

bleaching can be done simply by adding 2 percent  peroxide t o  t h e  d i l u t i o n  

water going t o  t h e  f i r s t - s t a g e  r e f i n e r  while  c o n t r o l l i n g  t h e  pH a t  c l o s e  t o  8. 

If a br ightness  above 75 percent  is required,  i t  w i l l  be necessary t o  add a 

peroxide bleach tower f o r  a two-hour treatment of t h e  pre-bleached pulp a f t e r  

screening and dewatering t o  15 percent consistency. It is not  usual  t o  wash 

t h e  pulp a f t e r  bleaching. Excess pe r ix ide  w i l l  do no harm t o  t h e  process  o r  

t h e  machinery. 

While peroxide bleaching of mechanical pulp has been p rac t i s ed  f o r  a 

long time, only r ecen t ly  has t h e  process  been developed t o  a s t a g e  where . 
appreciable  improvement of s t r e n g t h  and c l ean l ines s  is  obtained. Peroxide is,  

i n  any case, only of i n t e r e s t  i f  a high br ightness  is needed as w e l l  a s  high 

s t rength .  

VI.B.3.2.b Semichemical Pulping 

The two common grades of semichemical pulp a r e  cold soda pulp and 

n e u t r a l  s u l p h i t e  semichemical pulp (NSSC). 

The cold soda process 

A s  t h e  name implies,  t he  raw material is  t r ea t ed  wi th  a l k a l i  a t  room 

temperature before re f in ing .  Ea r l i e r ,  r e f i n i n g  w a s  done i n  pump-through 

r e f i n e r s  a t  4 t o  5 percent consis tency,  giving pulps of poor c l ean l ines s  and 

s t rength .  The process,  which is  only appl icable  t o  hardwood, was f i r s t  

introduced in  1955, and f o r  some years  became q u i t e  popular. 



Compared wi th  o ther  chemical and semichemical pulping processes,  t h e  

cold soda process  has a very  uncomplicated system f o r  l i q u o r  recovery. The 

only d i f f i c u l t y  is  t o  obta in  economy from i t  and s t i l l  avoid water po l lu t ion .  

However, indus t ry  has somewhat l o s t  i n t e r e s t  i n  t h e  cold soda process  

because higher-quality pulp can be obtained by o ther  processes  using sulphur.  

S t i l l ,  present  experimentation i n  t he  a r e a  of sulphur-free pulping may lead 

t o  improved v a r i e t i e s  of t h e  cold soda process. 

Neutral s u l p h i t e  semichemical pulp (NSSC) 

NSSC can be produced from most spec ies  of hardwood. The ch ips  a r e  

steamed a t  atmospheric pressure,  and impregnated with a so lu t ion  of sodium 

s u l p h i t e  and sodium carbonate  a t  a pH of 8 t o  9. The w e t  ch ips  a r e  d iges ted  

by steaming (vapour phase) i n  a pressure  v e s s e l  a t  1 6 0 ~ - 1 8 0 ~ ~  f o r  1 5  t o  60 

minutes. By t h i s  process  about one ha l f  t h e  l i g n i n  and one t h i r d  of t h e  

hemicel lulose a r e  dissolved.  The ce l lu lose ,  however, is not  a t tacked under 

normal cooking condit ions.  The middle lamella ,  which holds t h e  f i b e r s  toge ther ,  

has (espec ia l ly  i n  hardwoods) high contents  of l i g n i n  and hemicel lulose and 

is the re fo re  pr imar i ly  at tacked by t h e  cooking process. A s  a r e s u l t ,  a l a t e r  

r e f in ing  of t h e  d iges ted  ch ips  w i l l  g ive  comparatively undamaged, s t rong  

f ibe r s ,  Softwood i s  l e s s  s u i t a b l e  f o r  t h i s  process  because of a lower l i g n i n  

content  of t h e  middle lamella .  

The wood y i e l d  i s  i n  t he  range 75 t o  85 percent ,  which means t h a t  some 

kind of l i quor  recovery i s  necessary i n  order  t o  l i m i t  t he  po l lu t ion  of t h e  

r ec ip i en t .  Below 75 percent y i e ld ,  t h e  pulp q u a l i t y  w i l l  d e t e r i o r a t e ,  and 

o ther  pulping processes  become more a t t r a c t i v e .  A normal l e v e l  of consumption 

of chemicals i s  8 t o  10 percent  sodium s u l p h i t e  and 2 t o  5 percent  sodium 

carbonate.  



Essen t i a l l y ,  t h e  production cos t  of NSSC depends on t h e  cos t  of t h e  

wood used. Where t h e r e  is a l o c a l  surp lus  of hardwood, condi t ions  w i l l  be 

f a r  more advantageous than where hardwood can a l s o  go t o  a k r a f t  m i l l .  

A cold soda p l an t  o r  a  NSSC p lan t  w i l l  always be a  department of a  

paper m i l l ,  and thus,  i ts  labor  requirements can be seen only a s  t h e  e x t r a  

personnel needed f o r  pulping. For a  Swedish p l an t  producing 150 t / d  pulp, t h i s  

e x t r a  personnel would be: 

Wood-room opera tors  (two s h i f t s )  9 

Pulping opera tors  10  

Extra maintenance (day-shift ) 3 

Process and q u a l i t y  con t ro l  2 

Superintendent 

The important q u a 1 i . t ~  c h a r a c t e r i s t i c  of NSSC is s t i f f n e s s  combined 

wi th  a  c e r t a i n  t e n s i l e  s t r eng th  and absorp t iv i ty .  The pulp is almost 

exclusively used f o r  f l u t i n g ,  and blended wi th  k r a f t  waste f i b e r  f o r  economy 

and increased w e t  s t rength .  It is  a l s o  poss ib l e  t o  mix a  l i t t l e  NSSC i n t o  

t h e  k r a f t  fu rn i sh  f o r  l i n e r  t o  obta in  increased s t i f f n e s s .  In  both app l i ca t ions ,  

NSSC w i l l  g ive  super ior  paper c h a r a c t e r i s t i c s  compared t o  CTMP o r  k r a f t  waste 

paper. 

The NSSC process would lend i t s e l f  i d e a l l y  t o  manufacture of pulp 

from mixed hardwoods in small p l an t s  located i n  f o r e s t s .  Instead NSSC p l a n t s  

a r e  genera l ly  l a r g e  and b u i l t  adjacent  t o  k r a f t  m i l l s .  The explanation is 

t h a t  t he  only p r a c t i c a l  method of recovering t h e  cooking chemicals is t o  pump 

them i n t o  a  k r a f t  m i l l  b lack l i quor  recovery system (cross  recovery).  



VI-39 

The waste l i q u o r  (red l i q u o r )  obtained by washing NSSC has a con- 

s i s t e n c y  of 8 t o  1 2  percent  and holds  400 kg of organic  matter per  tonne of 

pulp. It is  nowadays seldom permit ted t o  sewer such q u a n t i t i e s  of  oxygen- 

consuming matter. I f  t h e  red  l i q u o r  is evaporated t o  50 percent  consis tency 

and burnt  in an oven, t h e  s t a c k  gases  can be  used f o r  t h e  evaporation process.  

A r egu la r  recovery b o i l e r  is  genera l ly  no t  economical i n  t h i s  appl ica t ion .  

The s m e l t  from t h e  oven con ta in s  t h e  chemicals, but  unfor tuna te ly  no t  i n  a 

u se fu l  form. Several  systems have been developed f o r  conversion of t h e  chemicals,  

but none of them is economically a t t r a c t i v e ,  and a l l  a r e  t oo  complicated f o r  

a small, i s o l a t e d  NSSC m i l l  even i n  a f u l l y  developed country.  These circum- 

s t ances  seem t o  r u l e  ou t  t h e  bu i ld ing  o f  s m a l l  NSSC m i l l s  i n  r u r a l  a r ea s ,  

VI.B.3.2.c Chemical Pulp ing  

The two common chemical pulping processes  a r e  t h e  su lpha t e  process  and 

t h e  s u l p h i t e  process.  

The su lpha t e  process  

Sulphate pulp is  produced by d iges t i ng  ch ips  i n  a l i quo r  of mainly 

a l k a l i  and sodium su lphide  a t  160' t o  1 7 0 ' ~  f o r  2 t o  3 hours. By choosing 

t h e  app rop r i a t e  opera t ing  condi t ions ,  one can manufacture a wide range of pulp 

grades from high-yield l i n e r  pulp t o  d i s so lv ing  pulp.* 

*Wood pulp o r  any o the r  highly pu r i f i ed  form of c e l l u l o s e  manufactured f o r  
chemical conversion i n t o  d e r i v a t i v e s  is known a s  d i s so lv ing  pulp, o r  s p e c i a l  
a lpha pulp. The manufacture and a v a i l a b i l i t y  of d i s so lv ing  pulps  have been 
an important f a c t o r  i n  t h e  development of a r t i f i c i a l  s i l k s  of var ious  k inds ,  
of t ransparen t  f i lms  f o r  packaeing and f o r  photography, of n i t r o c e l l u l o s e  f o r  
explosives  and lacquers ,  and of c e l l u l o s i c  p l a s t i c s .  The processes  of manu- 
f ac tu r ing  d i s so lv ing  pulp a r e  gene ra l l y  more complex than those  required t o  
make chemical paper pulp,  even i f  t h e  process  s t e p s  sometimes appear t o  be 
s imi l a r .  



The su lpha te  process  may be represented by t h e  flow c h a r t  i n  Figure 

V1.B-6. Pulping is  ca r r i ed  out  i n  batch o r  continuous d i g e s t e r s ,  and t h e  

black l i quor  is recovered, evaporated and burned i n  a furnace. The furnace 

ash, which conta ins  mainly sodium carbonate,  sodium sulphide and make-up 

sodium sulphate ,  is  dissolved and t r ea t ed  wi th  l ime t o  regenera te  p u l p i n g .  

l i quor  of t he  proper composition. The continuous d i g e s t e r s  a r e  very l a r g e  

p ieces  of equipment; a s i n g l e  d iges t e r  can serve  t h e  l a r g e s t  modern m i l l s  (up 

t o  900 t o  1,000-ton per  day cooking capaci ty) .  

The s u l p h i t e  process  

The o the r  major chemical pulping process  i s  t h e  s u l p h i t e  process.  

Sulphi te  pulp is  white  enough t o  be used i n  newsprint and o ther  p r i n t i n g  papers 

without bleaching, and is h i s t o r i c a l l y  t h e  main source of pulp f o r  white 

papers. The process  is based on'cheap chemicals which could be  discarded 

a f t e r  use. Because of savings i n  c o s t s  of bleaching and chemical recovery 

p l an t s ,  c a p i t a l  investment has been l e s s  than f o r  su lpha te  m i l l s .  However, i n  

recent  years ,  t h e  s i z e  of new su lphate  m i l l s  has  increased r ap id ly  r e s u l t i n g  

i n  a s i g n i f i c a n t  economy of s ca l e ;  and publ ic  l e g i s l a t i o n  aga ins t  stream 

po l lu t ion ,  where s u l p h i t e  m i l l s  a r e  more of fens ive  than su lpha te  m i l l s ,  has 

become more severe.  These developments have diminished the  advantages of t h e  

s u l p h i t e  process  and, s i n c e  1961, bleached and semibleached su lpha te  pulps 

have surpassed s u l p h i t e  pulps i n  t he  production of white papers. The e x t r a  

s t r eng th  of sulphate  pulp is preferred f o r  brown packaging papers, and may 

a l s o  be advantageous f o r  newsprint a s  chemical pulp furn ish .  Furthermore, 

t h e  e a r l i e r  forms of t h e  s u l p h i t e  process could not s a t i s f a c t o r i l y  pulp 
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pinewood o r  most of t h e  nonwood f ib rous  raw ma te r i a l s  of t he  t r o p i c s  and 

the  developing count r ies ,  while t hese  a r e  pulped r e a d i l y  by t h e  su lpha te  

process. 

Despite t h e  var ious  developments of t h e  s u l p h i t e  process,  t h e  shares  

of t h i s  method i n  world pulp production today a r e  low and s t i l l  diminishing. 

Figure V1.B-7 represents  t h e  s u l p h i t e  process  flow. The var ious  chemicals 

which may be used t o  make t h e  pulping l i quor  a r e  ind ica ted  i n  t he  f igu re ,  

which a l s o  shows s a l a b l e  by-products. Sulphur and a base, c l a s s i c a l l y  lime- 

s tone  but more r ecen t ly  magnesium hydroxide, sodium carbonate o r  ammonia, a r e  

t h e  purchased chemicals. 

VI.B.3.3 Paper-making 

There a r e  six elementary s t e p s  involved i n  paper-making: 

1. A f ib rous  r a w  mater ia l  is pulped, that is, i t  is so  t r ea t ed  

mechanically, chemically o r  by some combination of these ,  t h a t  

t h e  ind iv idua l  f i b e r s  a r e  more o r  l e s s  completely separated. 

2. The f i b e r s  a r e  dispersed a s  a d i l u t e  suspension i n  water.  

3 .  The f i b e r s  a r e  f i l t e r e d  from t h e  suspension through a s i eve  

o r  screen,  a "mould", o r  "wire", i n  such a fashion a s  t o  make 

a uniform l aye r  of drained pulp, t h a t  is, a w e t  sheet  of paper. 

4. The screen is  separated from t h e  paper, an operat ion ca l l ed  

I 1  couching", i n  such a way a s  t o  leave  t h e  wet, and the re fo re  

f r a g i l e  shee t  unwrinkled and undisturbed. 

5. The couched paper i s  placed i n  contac t  wi th  a woven c lo th ,  a 

" fe l t " ,  and pressed t o  remove excess water. 

6. The moist paper is removed from t h e  f e l t  and dr ied.  
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The s t e p s  i n  paper-making may be represented by t h e  process  flow 

block diagram i n  Figure V1.B-8. 

There a r e  a g r e a t  many kinds of paper mi l l s .  The appearance and 

complexity of a paper m i l l  a r e  determined by t h e  degree of  i n t e g r a t i o n  with 

pulping o r  convert ing,  o r  both; t h a t  is,  whether t h e  pulping of wood o r  o the r  

f i b rous  raw ma te r i a l s  is ca r r i ed  ou t  on t he  same s i t e  a s  p a r t  of t h e  same 

opera t ion ,  and whether t h e  f i n i shed  paper i s  converted i n t o  mul t iwal l  bags, 

corrugated board, consumer products such a s  towels o r  t i s s u e s ,  o r  o the r  paper 

products in  t h e  same plan t .  

A second f a c t o r  which a f f e c t s  t h e  complexity of a paper m i l l  is  t h e  

raw material supply. For example, t h e  m i l l  may simply import good-quality 

paper pulp,  o r  it may begin wi th  wastepaper, o r  o ther  f i b rous  raw mater ia l s .  

Another f a c t o r  in complexity is t h e  product o r  range of products  being 

made. Obviously, a coated magazine paper m i l l  w i l l  be  more complex than a 

l inerboard  o r  boxboard m i l l .  Thus, a genera l  de sc r ip t i on  of a paper m i l l  i s  

use fu l  only t o  t h e  ex t en t  t h a t  it de f ines  terms common t o  a l l  o r  most paper 

mills. In  general ,  a paper m i l l  must provide f o r  t h e  opera t ions  shown i n  

Figure V1.B-9. 

The f ib rous  raw ma te r i a l s  f o r  t he  paper m i l l  may be made on the  

premises and received i n  t h e  paper m i l l  a s  a s l u r r y  from a pulp s to rage  ches t ,  

a s  represented i n  t he  f i g u r e  by Pulp No. 1, o r  t he  pulp may be purchased. The 

purchased baled pulp is  highly compacted and has t o  be d i s in t eg ra t ed  i n  a 

pulper  t o  d i spe r se  t h e  pulp f i b e r s  i n  water. I n  t h e  s tock  prepara t ion  

department, t he  pulp suspension is t r e a t e d  i n  bea t e r s  and passed through r e f i n e r s .  

Refining (beat ing)  se rves  t o  develop improved paper s t rength .  The process 

of r e f i n i n g  a l s o  decreases  t he  f r eenes s  of t h e  pulp: t h e  r a t e  a t  which water 
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can d r a i n  from t h e  pulp suspension. For opera t ion  of t h e  paper machine a t  a 

f a s t  r a t e ,  t h e  pulp suspension must d ra in  f r ee ly .  Much of t h e  a r t  of paper- 

making lies i n  e f f e c t i n g  t h e  bes t  compromise between s t r eng th  and freeness .  

Starch,  ro s in ,  alum, c lay ,  pigments, dyes and o ther  chemical add i t i ves  

a r e  o f t e n  added during the  s tock  prepara t ion  process ,  p r i o r  t o  feeding t h e  

re f ined  s tock  t o  t he  paper machine headbox ( a t  t he  fan  pump) o r  during the  

drying process  (for  sur face  s i z i n g ) .  These add i t i ves  improve paper s t r eng th ,  

w e t  s t r eng th ,  opac i ty  and su r f ace  proper t ies .  Adhesives a r e  a d d i t i v e s  t o  improve 

f iber - f iber  bonding f o r  i n t e r n a l  paper s t r eng th ,  while s i z e s  improve su r f ace  

proper t ies .  Surface s i z e s  reduce o r  prevent t h e  spread of p r i n t i n g  o r  w r i t i n g  

inks ,  i nc rease  su r f ace  bonding s t r e n g t h  and decrease dust ing.  Starch,  which 

has both adhesive and s i z i n g  func t ions ,  has been added t o  paper s tock  almost 

s ince  t h e  beginning of t h e  paper-making process. 

The paper machine and i ts  a u x i l i a r y  equipment a r e  t h e  most expensive 

p a r t  of t he  m i l l .  It is the re fo re  normally t h e  item which l i m i t s  productive 

capaci ty.  The na tu re  of t he  paper machine a l s o  determines which products the  

m i l l  is capable of making, s i n c e  paper machines a r e  u sua l ly  designed t o  make a 

s p e c i f i c  product such a s  newsprint,  boxboard o r  t i s s u e ,  o r  a small  range of 

, products. Such machines may have q u i t e  d i f f e r e n t  appearance, capac i ty  and cos t .  

Nearly a l l  paper machines have c e r t a i n  elements i n  common, a s  i l l u s t r a t e d  i n  

Figure V1.B-10, which shows the  th ree  most usual  forms of paper machines. 

A consis tency r egu la to r  and a flowmeter ensure exact con t ro l  of t h e  

flow of pulp f i b e r  from the  s tock  preparat ion department v i a  the  machine 

ches t  t o  the  paper machine. Pro tec t ion  aga ins t  fore ign  matter  is  a£ forded by 

c leaners  and screens,  and equipment f o r  removing a i r  from t h e  s tock  t o  enable 

b e t t e r  sheet  formation is  very common. A flow spreader ,  t he  s tock  i n l e t ,  
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d i s t r i b u t e s  t h e  f i b e r  suspension ac ros s  t h e  machine and feeds a headbox 

which, i n  t u rn ,  passes  a uniform l a y e r  of very d i l u t e  f i b e r  suspension through 

an ad jus t ab le  s l o t ,  t h e  s l i c e ,  onto t h e  moving wire  of t h e  shee t  former, where 

much of t h e  water i s  drained o f f .  

The wire  on which t h e  shee t  is formed is continuous, and may be 

ho r i zon ta l ,  c y l i n d r i c a l  o r  even v e r t i c a l .  The Fourdrinier  i s  a f l a t  wi re  

supported on t a b l e  r o l l s  o r  w a t e r  de f l ec to r s .  It may be up t o  10  meters i n  

width and t r a v e l  a t  50 t o  1,500 meters per minute. Speeds of about 1,000 

meters per  minute have been achieved so  f a r  only wi th  l igh tweight  t i s s u e  papers. 

In  a number of recent  ins tances ,  dua l  wires  have been i n s t a l l e d ,  ho r i zon ta l  

f o r  heavy paper o r  paperboard formation, o r  v e r t i c a l  f o r  newsprint,  f i n e  papers 

and, r ecen t ly ,  f o r  corrugat ing medium ( f lu t ing ) .  

Various suc t ion  boxes and o ther  devices  a r e  i n s t a l l e d  along t h e  wire  

t o  a s s i s t  water removal. A t  t h e  poin t  of couching, where t h e  shee t  leaves  

the  wire,  i t  i s  sti l l  approximately f i v e  p a r t s  water t o  one p a r t  f i b e r .  In  

t h e  press  sec t ion ,  a combination of mechanical pressure  between heavy r o l l s  

and vacuum serves  t o  reduce t h e  water conten t ,  so t h a t  t h e r e  remain about 

t h r e e  p a r t s  water (or occas iona l ly  a s  l i t t l e  a s  two and a ha l f  p a r t s )  i n  t he  

shee t  before i t  e n t e r s  t h e  dryer .  Since t h e  remaining water must be removed 

by hea t  and evaporation, it  is genera l ly  cheaper t o  remove water by mechanical 

ac t ion .  This,  however, becomes increas ingly  d i f f i c u l t  above 35 percent dryness. 

The sheet  is  ca r r i ed  through t h e  press  s ec t ion  by press  f e l t s ,  woven 

f a b r i c s  which a s s i s t  water removal. There a r e  usua l ly  t h ree  presses  i n  

succession,  a t r a n s f e r  p re s s ,  a main p re s s  and a smoothing press .  Paper 

from the  p re s s  s ec t ion  passes  i n t o  the  drying sec t ion ,  which usua l ly  cons i s t s  

of a t r a i n  of cast- i ron steam-heated cy l inders ,  t he  drying cy l inders .  



Following t h e  dryer  sec t ion ,  t h e  paper through a calender 

which imparts a very smooth sur face ,  and then is wound on a r e e l .  The r e e l  

is mounted on t h e  s tands  of a s l i t t e r - rewinder .  When newsprint is being made, 

t he  r o l l s  produced from the  s l i t t e r - rewinder  a r e  ready f o r  wrapping and 

conveying t o  s to rage  o r  shipment. Other papers r equ i r e  f u r t h e r  f i n i s h i n g  

opera t ions ,  such a s  supercalendering, o r  sheet ing,  o r  t h e  paper i s  converted 

i n t o  paper products such as mult iwal l  bags, packaged towels and t i s s u e s ,  

corrugated boxes and a g rea t  v a r i e t y  of others .  

VI.B.4 Environmental Impact* 

Pulp and paper production a f f e c t s  t h e  environment i n  s eve ra l  ways, 

s i n c e  gaseous , l i q u i d  and s o l i d  wastes a r e  produced from var ious  p a r t s  of t h e  

operat ions.  The g r e a t e s t  environmental impact comes from t h e  bleaching and 

pulping of chemical pulp. Mechanical pulping opera t ions  usua l ly  have l e s s  

impact on t h e  environment. The environmental impacts can be g r e a t l y  reduced by 

recyc l ing  and reusing most of t h e  process  waters and many of t h e  chemicals back 

i n t o  t h e  process.  

VI.B.4.1 Gaseous Emissions 

The p r inc ipa l  gaseous emissions of concern a t  chemical pulp m i l l s  

a r e  sulphur dioxide,  t o t a l  reduced sulphur (TRS) compounds and p a r t i c u l a t e  

matter.  

Sources: The World Bank, Off ice of Environmental Af fa i r s ,  "Environmental 
Guidelines", 1984; The World Bank, "Environmental Considerations i n  
the Pulp and Paper Industry",  1980; U.N., Food and.Agricul ture  
Organization, "Guide f o r  Planning Pulp and Paper ~ n t e r p r i s e s " ,  
1973. 



Pr inc ipa l  sources of sulphur d ioxide  a r e  t h e  recovery furnace,  

l ime k i l n ,  smelt d i s so lv ing  tanks,  and the  power p lan t .  Adequate con t ro l  of 

t h i s  po l lu t an t  i s  poss ib l e  by proper opera t ions  of t h e  l i quor  recovery furnace,  

appropr ia te  s e l e c t i o n  of a u x i l i a r y  f u e l s ,  f u e l  desulphurizat ion,  and f l u e  

gas removal. 

The TRS group which c o n s i s t s  of hydrogen sulphide,  methyl mercaptans, 

dimethyl sulphide and dimethyl d i su lphide  is  t h e  major a i r  po l lu t an t  of pulp 

and pape r - indus t r i e s ,  mainly because of i ts  highly odorous nature.  In  some 

of t he  o lde r  and overloaded m i l l s ,  t he  odor occas iona l ly  can be de tec ted  50 

t o  100 ki lometers  away. The TRS gases o r i g i n a t e  i n  var ious  p a r t s  of t h e  m i l l ,  

e spec i a l ly  from t h e  d iges to r  evaporators  and t h e  fou l  condensate s t r i pp ing .  

They a r e  commonly co l l ec t ed  i n  headers,  scrubbed wi th  an a l k a l i  so lu t ion  t o  

remove a por t ion  of t h e  sulphur ,  and then burned. Inc ine ra t ion  most f requent ly  

t akes  p l ace  i n  t h e  lime k i l n ,  where t h e  TRS is  converted t o  sulphur d ioxide  

which, in turn ,  is l a r g e l y  recovered by absorpt ion on t h e  l i m e  dus t  and i n  

t h e  l i q u i d  i n  t h e  k i l n  exhaust scrubber. 

P a r t i c u l a t e s  o r i g i n a t e  in var ious  elements of t h e  m i l l  operat ion,  

such a s  t h e  recovery furnace, power b o i l e r s ,  l i m e  k i l n ,  exhaust,  and o thers .  

Control and removal is bes t  achieved by t h e  use of scrubbers ,  e l e c t r o s t a t i c  

p r e c i p i t a t i o n  and o the r  s imi l a r  means. 

Chlorine and ch lor ine  d ioxide  can a l s o  occur,  but they a r e  not  loca ted  

a t  any p a r t i c u l a r  po in t  source. They o r i g i n a t e  a s  fumes from tank vents ,  

wash f i l t e r s ,  sewers, and o the r  s imi l a r  sources. Generally,  t h e i r  concentrat ions 

a r e  not  s i g n i f i c a n t .  



VI.B.4.2 Liquid Eff luents  

A l l  pulp and paper m i l l s ,  whether in tegra ted  o r  nonintegrated,  and 

regard less  of product type, discharge water from t h e i r  operat ions.  This is t h e  

water used t o  wash pulp and convey it through t h e  paper machine. The w a t e r  

conta ins  a number of suspended and dissolved ma te r i a l s  which can be de t r imenta l  

t o  t h e  r i v e r s ,  l akes  o r  sea  i n t o  which they a r e  discharged. 

Despite t h e  recyc l ing  of t h e  white  water i n  which t h e  f ib rous  ma te r i a l  

is  suspended, a proport ion of t h e  f i b e r s  i n  the  form of f i n e s  o r  very s m a l l  

p a r t i c l e s  cannot be re ta ined .  This type  of e f f l u e n t  w i l l  d i s co lo r  c l e a r  

streams, but a more se r ious  e f f e c t  r e s u l t s  from t h e  decomposition o r  r o t t i n g  

of t h e  f i b e r s .  This is a chemical process  i n  which oxygen t h a t  is  dissolved 

i n  t h e  water is  consumed (biochemical oxygen demand). The decomposition pro- 

ce s s  t he re fo re  takes  from t h e  water t h e  oxygen which f i s h  need t o  survive,  and 

i n  high concentrat ions t h e  put re fac t ion  of wood matter  produces more obnoxious 

odors. The same problem occurs i n  t he  case  of a pulp m i l l  us ing  a wet de- 

barking method, where bark f i r e s  can en te r  t h e  sewage system. 

In  add i t i on  t o  f i b e r ,  a m i l l  may discharge o ther  s o l i d s  such a s  c l a y  

and f i l l e r s  which a r e  used i n  loading t h e  shee t  of paper i n  paper m i l l s .  

These suspended s o l i d s  can s e t t l e  on t h e  bottom of t h e  r i v e r ,  l ake ,  e tc . ,  

thereby reducing t h e  e f f e c t i v e  a rea  of t he  bottom f o r  t he  growth of p l an t  

l i f e  valuable  a s  f i s h  feed. 

In  t he  var ious  chemical pulping procedures, t h e  spent  cooking l i q u o r s  

contain highly colored l i g n i n  and l i g n i n  der iva t ives .  In  s p i t e  of recovery 

procedures, many m i l l s  cont inue t o  discharge wastes having a h i g h  degree of 

color .  Thus, t h e  parameters of p r inc ipa l  importance f o r  descr ib ing  the  degree 

of contamination i n  l i q u i d  e f f l u e n t s  from pulp and paper m i l l  opera t ions  include: 



5-day biochemical oxygen demand (BOD5); t o t a l  suspended s o l i d s  (TSS); and 

co lor  ( fo r  chemical pulping processes  only) .  

Other contaminants found in t h e  pulp and paper-making l i q u i d  wastes 

i n  minor concent ra t ions  a r e  z inc  compounds and ammonia n i t rogen  ( for  ammonia- 

based s u l p h i t e  and d i s so lv ing  pulping processes) .  

Liquid wastes can be reduced by in-plant con t ro l  measures and end-of- 

the-pipe treatment.  In-plant measures inc lude  e f f e c t i v e  pulp washing, chemical 

and f i b e r  recovery, treatment and r euse  of se lec ted  waste streams, c o l l e c t i o n  

of s p i l l s ,  and o the r  e f f e c t i v e  housekeeping measures. 

End-of-the-pipe t reatment  inc ludes  n e u t r a l i z a t i o n ,  primary treatment 

t o  remove t h e  s e t t l e a b l e  s o l i d s ,  and b io log ica l  (or secondary) treatment t o  

reduce t h e  e f f l u e n t  BOD5. 

Bleached k r a f t  pulp m i l l  e f f l u e n t  a r e  highly a c i d i c ,  and some form of 

l i m e  is used f o r  neu t r a l i za t ion .  E f f luen t s  from mechanical pulp m i l l s  and 

most paper m i l l s  a r e  mildly ac id i c ,  and a  l i q u i d  a l k a l i  such a s  c a u s t i c  soda 

can be used f o r  pH adjustment. 

Large p ieces  of assor ted  ma te r i a l s ,  such a s  knots and rocks, may be 

removed by p lac ing  screens a t  s t r a t e g i c  l oca t ions  i n  t h e  sewer system. S e t t l e a b l e  

s o l i d s  a r e  removed i n  a  c l a r i f i e r ,  u sua l ly  a  c i r c u l a r  tank i n  which t h e  

p a r t i c l e s  a r e  allowed t o  s e t t l e  t o  t h e  bottom. A t  some m i l l s  s e t t l i n g  basins  

having a  de ten t ion  time of up t o  8 hours, e i t h e r  following o r  i n  p lace  of 

c l a r i f i e r s ,  a r e  a l s o  used. 

Biological  treatment is  now required f o r  e f f l u e n t s  from new m i l l s  i n  

many indus t r i a l i zed  count r ies .  This type  of treatment reduces the  acu te  t o x i c i t y  

of the  wastewaters and genera l ly  c r e a t e s  an e f f l u e n t  s u i t a b l e  f o r  discharge t o  

most su r f ace  waters. 



Where s u f f i c i e n t  land is ava i l ab l e ,  ae ra ted  lago-ons a r e  most o f t en  

used t o  provide extended de t en t ion  of pulp and paper m i l l  e f f l uen t s .  A s  a 

rough guide, one cubic  meter of lagoon capac i ty  w i l l  be  required f o r  each 

30 grams of BOD5 i n  t h e  e f f l uen t .  A s  an average, t h e  system w i l l  provide a 90% 

reduc t ion  i n  BOD wi th  a t o t a l  de t en t ion  per iod of about 1 0  days. Other 5' 

methods, such a s  ac t i va t ed  sludge, ox ida t ion  d i t c h e s  and t r i c k l i n g  f i l t e r s ,  

have a l s o  been e f f ec t i ve .  

VI.B.4.3 Sol id  Wastes 

The c h a r a c t e r i s t i c s  of s o l i d  wastes from pulp and paper m i l l  opera t ions  

w i l l  vary considerably from one m i l l  t o  another.  For t h e  average i n t eg ra t ed  

m i l l  t h e  d i s t r i b u t i o n  of t o t a l  s o l i d  wastes w i l l  be  a s  follows: 

Wastewater s ludges 45% 

Ash 25% 

Bark, wood waste 15% 

Paper, t r a s h  10% 

Miscellaneous 5% 

Approximately 75% of t h e  s o l i d  wastes w i l l  be organic  i n  na tu re ,  and can be 

used a s  a f u e l ,  f o r  a g r i c u l t u r a l ,  o r  o the r  purposes. Fibrous s ludges and barks  

are s u i t a b l e  f o r  manufacturing wallboard and roofing papers. Ash from bark burning 

b o i l e r s  is r i c h  i n  p l an t  n u t r i e n t s ,  p a r t i c u l a r l y  potash. 

Land d i sposa l ,  by lagooning o r  dumping, has been used ex tens ive ly  i n  t he  

past .  However, t h i s  method is  being used l e s s  and less because of odors from 

decomposition of t he  ma te r i a l s ,  p o t e n t i a l  po l lu t i on  of both su r f ace  and ground 

waters ,  and the -e l imina t ion  of a f f ec t ed  lands  from f u t u r e  use. Dewatering 

and inc ine ra t i on  of s ludges a r e  now rece iv ing  wider usage. Although c o s t s  a r e  
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high, t h r e e  types of i nc ine ra t ion  a r e  being prac t iced:  burning i n  a s p e c i a l l y  

designed inc ine ra to r ,  burning i n  t h e  bark b o i l e r ,  and burning i n  a power b o i l e r  

u t i l i z i n g  f o s s i l  f ue l s .  

VI.B.5 Fores t  Product Transport* 

A s  s h w n  in Table V I . B - ~ S  t h e  world production of f o r e s t  products i n  

1977 was almost 2.5 thousand mi l l i on  metr ic  tons.  However, only 7.4% of t h i s  

entered t h e  i n t e r n a t i o n a l  t r a d e  (see Table VI.B- 5 ) .  The g r e a t  major i ty  was 

consumed domestically.  The explanation f o r  t h i s  high r a t e  of domestic consumption 

is t h e  f o r t u i t o u s  s i t u a t i o n  t h a t  production and consumption a r e  geographical ly  

q u i t e  c l o s e l y  aligned. The demand f o r  f o r e s t  products o r i g i n a t e s ,  i n  t h e  main, 

from i n d u s t r i a l i z e d ,  developed economies; and t h e  major supply a reas  and/or 

processing p l a n t s  a r e  loca ted  in these  same indus t r i a l i zed ,  developed na t ions  

such  as those  of North America, Scandinavia and the  EEC. Table V1.B-6 i l l u s -  

t r a t e s  this by apportioning production and consumption f i g u r e s  between developed 

and developing nat ions.  The only exception is Japan which imports enormous 

q u a n t i t i e s  of f i b rous  raw ma te r i a l s  f o r  i t s  own processing indus t r i e s .  For 

paper products,  i n  p a r t i c u l a r ,  consumption per  c a p i t a  v a r i e s  considerably 

between d i f f e r e n t  count r ies .  In  1980, f o r  example, world consumption was 

reckoned t o  be 85 pounds per  year ,  whi l s t  t he  f i g u r e  f o r  t he  United S t a t e s  a lone  

was 600 pounds per  c a p i t a  (see Table V1.B-7). 

Source: H.P. Drewry Ltd. , "Deep-Sea Trade and Transportat ion of Forest Products", 
London, 197 9. 



TABLE VI.8-4 

WORLD PRODUCTION OF FOREST PRODUCTS 1973 AND 1977 ('000 METRIC TONS) 

FUELWOOD (C) 
FUELWOOD (NC) 
W O C S  + VENEER LOCS (C) 
SAWLOGS + VENEER LOCS (NC) 
PITPROPS (C) 
PITPROPS (NC) 
PULPWOOD AND PARTICLES (C) 
PULPWOOD AND PARTICLES (NC) 
OTHER INDUSTRLU ROWWOOD (C) 
OTHER INDUSTRIAL ROUNDUOOD (NC) 

N 6 C  o f t  1973 1977 OF WHICH: AFRICA Ampxu USI 

103,834 101,976 2,643 7,589 1,723 
703,541 753,459 220,359 28,202 8,567 
415,430 430,555 2,931 200,153 125,874 
182,940 187,646 12,834 30,745 24,809 

15,552 16,480 3 308 210 
8,370 8,321 2,146 601 572 

155,546 152,495 2,377 72,308 46,753 
65,329 63,810 1,771 25,977 24,436 
72,492 69,930 155 5,890 4,965 
54,082 59,460 12,712 4,818 4,320 

hich 
CIWILD* 

of which of which mEAN~ 
JAPAN I 

ROUNDWOOD 1,777,116 1,844,132 257,931 376,591 242,229 103,063 

SLEEPERS 6,244 5,984 209 373 - 124 
SAUNUOOD (C) 186,197 184,607 890 64,189 40,263 22,374 
SAWOOD (NC) 69,256 69,446 2,345 11,852 10,153 731 

- 

SAWOOD + SLEEPERS 261,697 260,037 3,444 76,414 

VENEER SHEETS 2,842 2,944 227 380 
PLYWOOD 27,464 26,083 284 12,969 
PARTICLE BOARD 20,755 23,709 205 4,279 
FIBREBOARD (COMPRESSED) 7,629 8.169 68  2,268 
FIBREBOARD (NON-COMPRESSED) 2,373 2,383 8 1,447 

WOOD-BASED PANELS 61,063 63,288 792 21,343 18,069 3,003 2,008 

MECHANICAL WOOD PULP 25,784 24,987 200 10,953 4,069 6,830 308 
SEMI -CHEMICAI. WOOD PULP 8,388 8,032 128 3,913 3,631 282 206 
CHEMICAL WOOD PULP 75,373 77,896 481 44,210 33,469 10,362 2,083 
DISSOLVING WOOD PULP 5,001 4,811 299 1,592 1,319 269 48 

WOOD PULP 114.546 115,726 1,108 60,668 42,488 17,743 2,645 
-- 

NEWSPRINT 22,495 22,747 271 11,447 3,188 8,169 255 
PRINTING 6 WRITING PAPER I 33,049 1 35,632 I 2 2 4  14,0981 12 ,644  908 
OTHER PAPER 6 PAPERBOARD 92,793 93,456 861 40,011 35,928 2,878 

p- - -  - 

PAPER 6 PAPERBOARD 148,337 151,835 1,360 65,556 51,760 12,155 4,041 

TOTAL FOREST PRODUCTS 2,362,759 2,435,018 264,635 600,572 404,962 159,193 182,631 
-- -- 

The su f f ixes  'C '  and 'NC' r e f e r  t o  Coniferous and Non-Coniferous wood, otherwise known a s  Softwood and Hardwood 
respect ively.  

Source: H.P. Drewry Ltd., " ~ e e ~ - ~ e a  Trade and Transportat ion of Forest  ~ r o d u c t s " ,  London, 1979. 
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TABLE V I  .B-5 

WORLD EXPORTS OF FOREST PRODUCTS 1977 
(I 000 MET~IC TONS) 

1 I Source: H.P. Drewry Ltd., Deep-Sea Trade and T r a n s p o r t a t i o n  of F o r e s t  
Products",  London, 1979. 

EXPORTS AS % AGE 
OF PRODUCTION 

0.1 
4.6 

19.2 
3.8 

10.1 
1.9 

4.4 

11.3 
18.2 
11.8  

16.3 

31.4 
15.4 
12.9 
16.9 

7.3 

15 .1  

4.7 
1.2 

18.2 
33.2 

14.7 

46.1  
16.0  
12.7 

18.5 

7.4 
L 

COMMODITY 

FUELWOOD AND CHARCOAL 
SAWLOGS AND VENEER LOGS (C) 
SAWLOGS AND VENEER LO& (NC) 
PITPROPS 
PULPWOOD AND PARTICLES 
OTHER INDUSTRIAL ROUNDWOOD 

ROUNDWOOD 

SLEEPERS 
SAWNWOOD (C) 
SAWNWOOD (NC) 

SAWNWOOD AND SLEEPERS - 
VENEER SHEETS 
PLYWOOD 
PARTICLE BOARD 
FIBREBOARD (COMPRESSEB) 
F IBREBOARD (NON-COMPRESSED) 

WOOD-BASED PANELS 

MECHANICAL WOOD PULP 
SEMI-CHEMICAL WOOD PULP 
CHEMXCAL WOOD PULP 
DISSOLVING WOOD PULP 

WOOD PULP 

NEWSPRINT 
PRINTING AND WRITING PAPER 
OTHER PAPER AND PAPERBOARD 

PAPER AND PAPERBOARD 

TOTAL FOREST PRODUCTS 

EXPORTS 

817 
19,820 
35,973 

934 
21,839 

2,495 

81,878 

6 79 
33,611 

8 ,171 

42,461 

925 
4,025 
3,047 
1 ,383 

175 

9,555 

1 ,180  
100 

14,142 
1,596 

17,018 

10,494 
5,707 

11,900 

28,101 

179,013 



TABLE VI .B-6 

FOREST PRODUCTS PRODUCTION AND CONSUMPTION 
BY AREA 1977 (MILLION METRIC TONS) 

* Industrial Roundwood = All Roundwood lees Fuelwood and Charcoal 

PRODUCTION 

INDUSTRIAL ROUMWOOD* 

SAWNWOOD + SLEEPERS 
WOOD-BASED PANELS 

WOOD PULP 

PAPER AND PAPERBOARD 

TOTAL 

% OF TOTAL OVERALL 

CONSUNPTION 

INDUSTRUL ROUM~JOOD* 

SAWNWOOD + SLEEPERS 
WOOD-BASED PANELS 

WOOD PULP 

PAPER AND PAPERBOARD 

TOTAL 

X OF TOTAL OVERALL 

Source: H.P. Drewy Ltd., %eep-sea Trade and T r a n s p o r t a t i o n  of F o r e s t  Products",  

. London, 1979. 

DEVELOPED 
IWUCET ECONOMIES 

522 

136 

45 

96 

- 12 1 

9 20 

58.5 

555 

141 

48 

9 4 

116 

954 

60.5 

DEVELOPING 
MARKET ECONOMIES 

154 

33 

6 

4 

9 

206 

13.0 

127 

32 

5 

5 

14 

183 

11.5 

USSR 

223 

66 

7 

10 

9 

3 15 

20.0 

2 10 

6 2 

6 

10 

9 

29 7 

19.0 

OTHER CENTMLLY- 
PLANNED ECONOMIES 

89 

24 

5 

5 

12 

135 

8.5 

91 

24 

5 

6 

12 

138 

9 .0  



TABLE VI. B-7 

WORLD CONSUMPTION OF PAPER, 1980 

Country or r8gion 

NOrthAmWica 2-,700 Sll 
Canada 24.000 423 
USA 222.700 600 

Eurap. 741414 NO 
Total EEC 269.710 . 269 

Bdgium 9.900 304 
Denmark 5,125 359 
France 53.588 256 
Germany, Fed. Rep. 61.561 342 
Greece 9.200 104 
Idand 3.200 205 

It* 57.042 192 
NaMpnds 14,144 342 
Unitad Kingdom 55.950 269 

Scandinavia 17.180 40 1 
Total Other Europe 456.084 99 

USSR 260.000 73 

Am& 2-rn 29 
China, People's Flop. ' 900,000 13 
India 660.000 4 
Japan 117,057 337 

Auotr.ld. 21,531 280 

Latin Anmiu 340,- 64 
Brazil 120,000 64 
Mexico 60.000 88 

A t r i a  -1- 13 

Source: Kline, J.E., "Paper and Paperboard. Manufacturing and Converting 
Fundamentals", Miller Freeman Publications Inc., San Francisco, 1982. 



Among t h e  179 mi l l i on  tons  of f o r e s t  products exported i n  1977, 

about 30 mi l l i on  tons  have been t ransported inland by t rucks  and r a i l c a r s .  

The remaining 149 mi l l i on  tons  entered the  seaborne t rade.  This volume is  

a c t u a l l y  higher than t h e  t o t a l  of bulk c o a l  shipments recorded i n  t h a t  year by 

some 22 mi l l i on  tons.  The reason why sea t r anspor t  of f o r e s t  products cont inues 

t o  be regarded a s  a minor bulk t r a d e  (apart  from t h e  f i v e  major bulk t rades :  

i r o n  ore,  g ra in ,  coa l ,  bawcite/alumina and phosphate rock) is  t h a t  t h e  va r ious  

commodities of this t r a d e  a r e  o f t e n  shipped a s  part-cargoes o r  on small  non-bulk 

ves se l s  and, i n  addi t ion ,  t he  preponderance of short-sea t r ades  means t h a t  i n  

ton-mi le  terms f o r e s t  products f a l l  some way sho r t  of t h e  major bulks. 

About two t h i r d s  of t h e  t o t a l  seaborne t r a d e  i n  f o r e s t  products a r e  

shipped along sho r t  intra-area routes .  A wide range of types and s i z e s  of sh ips  

and barges is used fog these  short-haul t rades ,  with t h e  accent  on small  

general  cargo v e s s e l s  of less than 10,000 DWT. 

Less than 40% of t he  t o t a l  seaborne t r a d e  of f o r e s t  products i n  1977 

was r e l a t e d  t o  t h e  pulp and paper indus t ry ,  t h e  remaining being used mainly 

i n  t he  cons t ruc t ion  industry.  The t raded commodities of t h e  pulp and paper 

indus t ry ,  t h e i r  exported volumes i n  1977, and t h e i r  r e l a t i v e  percentages a r e :  

Level of Volume of exports  
processing Commodity i n  1977 ('000 tons)  Percentage 

pulpwood and 
raw ma te r i a l s  wood ch ips  21,839 

intermediate  
products wood pulp 

end products paper and 
paperboard 

Total  



It can, thus,  be seen t h a t  more than 67% of t h e  t raded commodities 

is i n  processed form, a s  process  i n d u s t r i e s  tend t o  be loca ted  a t  o r  near 

t h e  main production cen te r s  i n  order  t o  produce a higher-value, more 

economically t r anspor t ab le  product. Based on 1975 p r i c e s ,  t h e  following c o s t s  

were equivalent  f o r  5 M cu m of wood shipped from t h e  U.S. t o  Europe: 

$ I t  - $ I t  of equivalent  
wood 

roundwood 

sawntimber 

newsprint 3 0 . 4  10.8 

l i n e r  bo ar d 

kraf  tpaper  

bleached pulp 23.0 4 . 6  

Thus t h e  advantages of t ranspor t ing  pulp and paper by sea  a s  aga ins t  

t he  shipment of raw ma te r i a l s  a r e  apparent,  e spec i a l ly  a s  t r anspor t a t ion  

accounts f o r  roughly 25% of paper c o s t  t o  t he  consumer. 

Several  d i f f e r e n t  types of ves se l s  a r e  employed i n  t he  deep-sea f o r e s t  

product t r ades ,  ranging from t h e  s m a l l ,  tramping, general  cargo ves se l s  car ry ing  

goods on a part-cargo b a s i s ,  t o  l a r g e r ,  spec ia l ized  bulk c a r r i e r s  with 

sophis t ica ted  deck f a c i l i t i e s  and design a t t r i b u t e s  which, i n  c e r t a i n  ins tances ,  

t i e  them t o  the  t rades .  

VI.B.5.1 Pulpwood Logs 

Pulpwood logs  can be ca r r i ed  a s  part-cargo by any geared general  cargo 

ves se l  o r  bulk c a r r i e r .  Smaller 'tweendeckers, general-purpose bulkers ,  e t c .  

have gradual ly given way t o  the  more e f f i c i e n t ,  more sophis t ica ted ,  purpose- 

b u i l t  spec ia l ized  "lumber ca r r i e r s " ,  which a r e  modern bulk c a r r i e r s  with good 



gear ,  good cargo access  and high deck s t r eng th  intended t o  ca r ry  packaged 

o r  un i t ized  products such a s  lumber, board, wood pulp, newsprint, e t c .  i n  t he  

holds and on deck; More soph i s t i ca t ed  s h i p s  inc lude  gantry-equipped v e s s e l s  

of open-hatch, flush-hold design. 

Because of t h e  m u l t i p l i c i t y  of ves se l  types which can be charac te r ized  

a s  lumber c a r r i e r s  a p rec i se  ca l cu la t ion  of t h e i r  number is d i f f i c u l t  t o  

achieve, but  an est imation of t he  s i z e  of t h e  f l e e t  a t  t h e  end of 1978 suggests  

a f i g u r e  of 401 bulk ves se l s  of over 10,000 DWT amounting t o  a l i t t l e  over 

9.6 mi l l i on  DWT ( re fe r  t o  Table ~ 1 . ~ 0 8 ) .  The l a r g e s t  v e s s e l s  of t h i s  category 

have a capac i ty  of about 45,000 DWT, a r e  of t h e  open-hatch design,  and they 

can load packaged timber, wood logs ,  baled pulp, k r a f t  l i n e r  r o l l s ,  g ra in ,  o re ,  

o ther  bu lk  cargoes, var ious  heavy cargoes o r  containers .  These sh ips  opera te  

on the  longest-haul rou te s  from West Coast of North America t o  Europe, and 

u n i t i z a b l e  sawn timber is t h e  primary commodity car r ied .  Shorter  routes ,  o r  

routes  which involve more shipments of logs  ( l e s s  u n i t i z a b l e  than sawn t imber) ,  

such a s  those from North America t o  Japan, r equ i r e  l e s s  spec ia l ized  log/timber 

c a r r i e r s  i n  t h e  10-30,000 DWT s i z e  range. 

Other f a c t o r s  such a s  l imi ted  depth of po r t s ,  l imi ted  she l t e r ed  a reas  

where logs  a r e  loaded, and the  lack  of ponds t o  accumulate logs ,  r e s u l t  i n  

t he  employment of even smaller vesse ls .  As an example, hardwood log movements 

from South East Asia t o  Japan a r e  genera l ly  e f fec ted  by geared log  c a r r i e r s  

ranging from 5,000 t o  10,000 DWT. 

In  general ,  d e s p i t e  t he  in t roduct ion  of s eve ra l  l a r g e r  bulkers  t o  t h e  

longer t r ades ,  t h e  major requirement worldwide is s t i l l  f o r  t he  handy-sized 

sh ips  of 20-35,000 DWT. A t  the  end of 1978, t he  average lumber c a r r i e r  w a s  

about 25,000 DWT. 



THE LUMBER CARRIER FLEET BY SIZE  AND AGE 

B .  NUbBER OF VESSELS 

TOTAL 

566.6 
2,291.9 
1,055.8 
2,335.5 
1,697.2 

936.5 
754.6 

9,638.1 

Source:  H.P. Drewry L t d , ,  " ~ e e p - S e a  Trade  and T r a n s p o r t a t i o n  o f  F o r e s t  Products" ,  London, 1979, 
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230.9 
198.2 
23.7 

486.9 
551.7 
565.4 - 

2,056.8 

1972173 

28.1 
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229.4 
259.1 
327.9 
190.6 
37.3 - 

1,068.1 

1978 

3 
12 
2 - 
2 - - 

19 

1976177 

4 
15 
11 
14 

7 
6 

16 

73 

1976/77 

53.5 
268.5 
251.6 
384 .O 
227.6 
223.5 
714.2 

2,122.9 

PRe 1962 

TOTAL 

43 
132 
46 
8 6 
52 
25 
17 

401 

10-14.9 
15-19.9 
20-24.9 
25-29.9 ' 

30-34.9 
35-39.9 
40+ 

TOTAL 

1978 

44.4 
219.7 
48.8 - 
66.2 - - 

379.1 

1962163 

- 
49.4 
71 - 0  - 
33.4 - - 

153.8 

10-14.9 
15-19.9 
20-24.9 
25-29.9 
30- 34.9 
35-39.9 
40+ 

TOTAL .' 

1970171 

2 
13 
11 
12 

6 
1 - 

4 5 

13.3 
54.2 
22.2 - 

- - - 
89.7 

PRE1962 

1 
3 
1 - - 
- - 
5 

1964165 

65.1 
127.3 - - 

64.2 - - 
256.6 

1972173 

2 
12 

5 
2 5 
16 - 

1 

61 

1974175 

18 
11 

1 
18 
17 
15 - 
80 

1962163 

- 
3 
3 - 
1 - - 
7 

1966167 

95.2 
293.1 - 
25 .O - 
35.9 - 

449.2 

1968169 

12.3 
642.2 
265.3 
446.8 

31.6 
74.4 - 

1,472.6 

1964165 

5 
8 - - 
2 - - 

15 

1966167 

7 
18 - 
1 - 
1 - 

2 7 

1968169 

1 
3 7 
12 
16 

1 
2 - 

69 



High-capacity handling equipment is i n s t a l l e d  on these  sh ips .  

Derricks and cranes wi th  a gear r a t i n g  between 1 5  and 30-ton s a f e  working 

load (SWL) a r e  common i n  t h e  lumber c a r r i e r  f l e e t .  High-capacity gantry 

cranes have a l s o  become increas ingly  popular,  due t o  t h e i r  high loading/ 

discharging speeds. 

VI.B.5.2 Wood Chips 

Special ized bulk c a r r i e r s  designed f o r  t he  c a r r i a g e  of wood chips were 

developed during t h e  mid-1960's t o  supply t h e  expanding raw ma te r i a l  needs of 

t h e  Japanese pulp, paper and paperboard manufacturers. Wood chips  is a very 

poor deadweight cargo. The stowage f a c t o r  of wood chips  is  100-110 cubic f e e t  

per long ton, while t h e  designed stowage f a c t o r  of most general-purpose 

bulkers  is  55-60 cubic f e e t  per  long ton. Ttius, t h e  ch ip  car ry ing  ves se l s  a r e  

highly spec ia l ized ,  and t h e i r  employment i n  o ther  t r ades  is o f t e n  precluded 

f o r  t h i s  reason. The freeboard of chip c a r r i e r s  genera l ly  exceeds t h a t  of 

conventional bulk c a r r i e r s  by over 50%, while t h e  cubic capac i ty  is genera l ly  

g rea t e r  by a s imi l a r  margin. 

The Japanese r a t i o n a l e  f o r  t ranspor t ing  l a r g e  volumes of ch ips  r a t h e r  

than more economically stowed unprocessed logs  o r  processed pulp was t h e  rap id  

handling rate which can be achieved by t h e  spec ia l ized  chip c a r r i e r s  and which 

thus  reduces expensive in-port time. Normally chip loading i n s t a l l a t i o n s  

employing high-capacity b e l t  conveyors and pneumatic trimmers can achieve r a t e s  

i n  excess of 500 tonslhour ,  and most discharge equipment whether sh ip  o r  

shore based, can of f load  a t  r a t e s  of over 300 tons/hour. 

In 1978, t he  chip c a r r i e r  f l e e t  amounted t o  76 ves se l s  represent ing  

over 2.5 mi l l ion  DWT. The grea t  major i ty  of t h i s  tonnage is  cont ro l led  by 

Japanese i n t e r e s t s .  About two t h i r d s  of t h e  t o t a l  tonnage of t h e  spec ia l ized  



chip  c a r r i e r  f l e e t  c o n s i s t s  of medium-sized v e s s e l s  of 35-50,000 DWT, and 

l a r g e r ,  "Panamax" v e s s e l s  in the  50-60,000 DWT range. The remaining t h i r d  of 

t h e  t o t a l  tonnage is represented by smaller v e s s e l s  a t  between 10 and 35,000 

DWT. 

Lately,  t h e  development of t h e  f l e e t  has been se r ious ly  a f f ec t ed  by 

overtomaging a s  economic recess ion  has s t r u c k  a t  t h e  Japanese paper industry.  

It has been estimated t h a t  a s  much a s  2058 of t he  f l e e t  may have been d iver ted  

t o  t h e  t r anspor t  of pulverized coa l ,  phosphor o r e  o r  bauxi te ,  while some 

v e s s e l s  have been converted i n t o  c a r  c a r r i e r s .  

VI.B.5.3 Pulp and Paper 

Pulp is commonly shipped in ba les ,  and h a f t  l i n e r  i n  r o l l s .  Uniti-  

za t ion  has developed and the re  a r e  many conf igura t ions  i n  use  today. Pulp and 

paper products enable high handling r a t e s  by consol idat ing between 15  and 25 

t o m e s  per  l i f t .  

While t h e  na tu re  of t h e  t r a d e  in pulp and paper products,  p a r t i c u l a r l y  

t h e  small s i z e  of consignments, r e s t r i c t s  t h e  employment of l a r g e r  bulk c a r r i e r  

tonnage, part-cargoes a r e  combined wi th  l a r g e r  volume movements of timber i n  

t h e  smaller  15-20,000 DWT bulkers ,  and t h e  spec ia l ized ,  geared, open-hatch 

v e s s e l s  of 20-35,000 DWT. A few spec ia l ized  Japanese owned v e s s e l s  of around 

10,000 DWT a r e  a l s o  employed i n  t he  t r a d e  hauling pulp i n  bulk, o f t en  s a i l i n g  

from Alaskan p o r t s  t o  Japan. 

Other ves se l  types have a l s o  been used on t h e  North At l an t i c  routes .  

For example, t he  In t e rna t iona l  Paper Company (IPC) has been r e g u l a r l y  shipping 

paper and pulp from t h e  U.S. Gulf t o  Europe i n  400 DWT barges c a r r i e d  abroad 

t h e  LASH ves se l s  of Cent ra l  Gulf Lines. Forest  products,  p a r t i c u l a r l y  newsprint,  



were a l s o  reported f ea tu r ing  as part-cargoes on t h e  container/bulk se rv i ces  

operated by Cast L i n e s  and Chase In te rna t iona l .  

Roll-on, r o l l - o f f  (ro-ro) v e s s e l s  a r e  p a r t i c u l a r l y  su i t ed  t o  t h e  

c a r r i a g e  of paper products in t h a t  t h e  below deck stowage a f f o r d s  t h e  pro tec t ion  

necessary f o r  this r e l a t i v e l y  high-value product. 

The essence of a ro-ro sh ip  is t h a t  i t  loads  i t s  cargo no t  through 

the  employment of cranes and d e r r i c k s  - t h e  l i f t - o n , l i f t - o f f  (lo-lo) method - 
but  through t h e  use of wheeled t r anspor t e r s ,  be they road t r a i l e r s ,  purpose- 

b u i l t  terminal  t r a i l e r s ,  s t raddle-car r ie rs ,  fo rk - l i f t  t rucks,  e t c .  These 

wheeled u n i t s  a r e  r o l l e d  on and of f  t h e  sh ip  over a ves se l  ramp and/or shore 

ramp. The p r inc ipa l  advantage of t h i s  system is t h e  a b i l i t y  of t h e  ro-ro v e s s e l s  

t o  minimize por t  turnaround time and reduce dependence on shore-side f a c i l i t i e s .  

The ro-ro v e s s e l s  can load/discharge t h e i r  cargo i n  ha l f  t h e  time required even 

f o r  t h e  most e f f i c i e n t  of conventional lumber c a r r i e r s .  I n  addi t ion ,  ro-ro 

ves se l s  have t h e  advantage t h a t  t h e  t r a c t o r s  and t r a i l e r s  which are off-loading 

the  cargo can t ake  it d i r e c t l y  t o  t he  s torage  loca t ion  which may be well- 

removed from t h e  quay-side. 

The l a r g e s t  ro-ro ves se l s  i n  t h e  f o r e s t  products t r a d e  have a capac i ty  

of about 45,000 DWT, a r e  designed f o r  the  t r anspor t  of a l l  types of t r a i l e r  

u n i t s ,  p a l l e t s ,  conta iners ,  c a r s ,  a g r i c u l t u r a l  machinery and general  cargo, 

and they opera te  on the  rou te s  from North America t o  Japan and Europe. Smaller 

ro-ro ves se l s  have been employed i n  t he  North Sea f o r e s t  products t r ade  between 

Scandinavia and North Europe. 
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VI.B.5.4 P o r t s  Handling Forest  Products 

Of t h e  many inf luences  upon t h e  p a t t e r n  and s t r u c t u r e  of t he  f o r e s t  

products t rade ,  p o r t  c o n s t r a i n t s  a r e  of obvious s igni f icance .  For ins tance ,  

t h e  deep-draft p o r t s  of t h e  West Coast of North America which a r e  o r i en t a t ed  

towards handling wood ch ips  a r e  f u l l y  capable of accommodating l a r g e r  bulkers ,  

whereas expor ts  from Scandinavia and t h e  Western p o r t s  of t he  U.S.S.R. a r e  

genera l ly  loaded a t  shal low-draf t  p o r t s ,  these  being i n  t h e  short-sea t rades.  

Res t r i c t i ons  a t  t h e  loading p o r t s  a r e  shown i n  Table V1.B-9. 

I n  most cases ,  conventional be r th s  a r e  used f o r  discharging f o r e s t  

products. However, t h e r e  a r e  few spec ia l ized  f o r e s t  products discharging te rmina ls  

which can g ive  access  t o  l a r g e  bulk  c a r r i e r s .  For ins tance ,  t he  Sodeshi 

complex i n  Japan can unload wood chip c a r r i e r s  of up t o  45,000 DWT a t  t h e  

except ional  r a t e  of around 1,200 tons/hour. A desc r ip t ion  of t h e  f o r e s t  pro- 

duc t s  discharging te rmina ls  i s  shown i n  Table V1.B-10. 

VI.B.6 Major Considerations i n  Planning Pulp and Paper Indus t r i e s  

Af te r  t he  a n a l y s i s  of t h e  preceding sec t ions ,  i t  is apparent t h a t  t he  

m u l t i p l i c i t y  of raw ma te r i a l s ,  end-products and processing technologies of t h e  

pulp and paper manufacture r a i s e s  c r i t i c a l  i s s u e s  regarding the  planning of new 

investments i n  t h i s  industry.  This is p a r t i c u l a r l y  t r u e  f o r  developing 

count r ies  which, i n  addi t ion ,  f ace  the  c o n s t r a i n t s  of a small  l o c a l  market and 

a l imi ted  inves t ing  capaci ty.  - 
The s e l e c t i o n  of t h e  appropr ia te  manufacturing process  a s  wel l  a s  s i t i n g  o f  

a pulp and paper p lan t  a r e  two of t h e  most important i s s u e s  t h a t  planners  and 

ana lys t s  have t o  dea l  with. 
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FOREST PRODUCT LOADING PORTS 
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TABLE VI. B-9 (Cont 'd)  

Source: H.P. Drewry Ltd. ,  "Deep-Sea Trade and T r a n s p o r t a t i o n  of Fores t  Products",  
London, 1979. 
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6.5 



Source : 

TABLE VI,B-'O FOREST. P-T DISCHARGING PORTS 

cr& Gw 1s t u  cr&t,. - Y . 4  11.1 Y.oO0 - 
w n  amun ~ w l a u  mam 31.0 9.8 15.000 1I18 u or-. - ~ 1 . o  hlldl.. bulk coal. or. 

Kaasnwa .0d ok.rnk. 

-rrm/lo* 10.0 9.1 18.000 Crm. s e e  lo u c w l t y  - -1.. o n r  SW.000 c- 
2- r r r  aw.-. -a. of l e r n t  p&t. ~1 7.- 

INU 31.8 IO.0 35.000 - - - 
U n a u o u U A  49.9 U.2 b6.000 16.m.mcor.ps.- - ?*b.pd fen.c p r o k t .  

-1- 8Im lb. 

H.P. Drewry Ltd. ,  "Deep-Sea Trade and T r a n s p o r t a t i o n  of F o r e s t  Products",  
London, 197  9. 



VI.B.6.1 Al te rna t ive  Manufacturing Processes 

The a p p l i c a b i l i t y  of each manufacturing process  depends on a v a r i e t y  

of f a c t o r s ,  t h e  most important being t h e  a v a i l a b i l i t y  of raw ma te r i a l s  and 

t h e  types of t h e  des i red  end-products. The advantages and disadvantages of t he  

thermomechanical (TMP) and su lpha te  (k ra f t )  pulping processes  w i l l  be presented 

he re  with emphasis on t h e i r  employment f o r  small m i l l s  i n  developing count r ies .  

These two processes were se lec ted ,  as being t h e  most widely adopted. 

The major advantages of t h e  TMP process  a r e :  

(a )  Small production u n i t s  a r e  f e a s i b l e  f o r  commercial adoption, 

thus  minimizing c a p i t a l  ou t lay ;  

(b) Fiber  y i e ld  is  high a t  about 92-93% of input.  High y i e ld  

reduces t h e  cos t  of wood ma te r i a l  used; 

(c )  Wood ch ips  and res idues  from sawmills can be accepted a s  t h e  

only wood raw ma te r i a l s  input .  Cost ly  procurement systems 

and chipping operat ions can be eliminated; 

(d) The system generates  r e l a t i v e l y  low waste flow, BOD, and 

TSS. Thus c a p i t a l  ou t l ay  f o r  po l lu t ion  con t ro l  i s  comparatively 

small ; 

(e)  Both water requirements and wastewater volume a r e  low, making 

t h e  s e l e c t i o n  of a m i l l  s i t e  comparatively e a s i e r  than f o r  

chemical processes. 

However, a l l  mechanical processes a r e  subjec t  t o  f i v e  l imi t a t ions :  

(a)  A s t a b l e  br ightness  above 80 percent  is  not  ob ta inable ,  

and any br ightness  improvement achieved is  r ap id ly  l o s t  by 

exposure of t he  paper t o  sunl ight ;  

(b) A paper s t r eng th  adequate f o r  packaging paper is  not  obtainable;  



(c )  Paper conta in ing  mechanical pulp w i l l  become b r i t t l e  and 

yellow a f t e r  a number of years  and is the re fo re  no t  s u i t a b l e  

f o r  books o r  important documents; 

(d) Mechanical pulps a r e  energy in t ens ive ,  while chemical pulps 

a r e  nea r ly  energy s e l f - s u f f i c i e n t  ; 

(e )  Mechanical processes  can pulp only softwood. 

For developing coun t r i e s ,  on t h e  o the r  hand, t h e  k r a f t  process  has t h e  

s p e c i a l  a t t r a c t i o n  that almost any wood can be used - hardwood a s  w e l l  a s  so f t -  

wood. It is a l s o  poss ib l e  t o  process  a blend of spec ies  without g r e a t  in- 

convenience. Unbleached softwood k r a f t  pulp is unsurpassed f o r  packaging 

papers  (sack paper,  wrapping paper,  l i n e r ) ,  while bleached hardwood pulp is a 

s o f t ,  opaque, e a s i l y  re f ined  pulp of h igh  and s t a b l e  br ightness ,  s u i t a b l e  f o r  

p r i n t i n g  paper, t i s s u e  and paperboard. 

S t i l l ,  e spec i a l ly  i n  developing coun t r i e s ,  t h e r e  a r e  reasons f o r  

avoiding t h i s  process  where poss ib l e  because of :  

(a) The s c a l e  f ac to r :  Owing t o  t h e  advanced technology used in 

k r a f t  pulping which is  appl icable  only t o  l a r g e  plants*,  a small  

pulp m i l l  is not  competi t ive with a l a r g e  one. In  1972, i t  

w a s  computed t h a t  a bleached k r a f t  m i l l  f o r  35,000 tons  per 

annum ( t / a )  would c o s t  2.6 times a s  much per  d a i l y  ton  a s  one 

f o r  350,000 t / a .  Today, t h i s  r a t i o  is probably higher.  For a 

mechanical pulp m i l l  the  c a p i t a l  cos t  is  only 25  percent  of t h a t  
- 

of t he  k r a f t  m i l l ,  and the  s p e c i f i c  c o s t  increases  more slowly 

a s  t h e  p l an t  s i z e  is reduced; 

*The s tandard s i z e  of new k r a f t  p l an t s ,  ranges from 500 tons  per  day ( t /d )  t o  
1,000 t / d .  



(b) A v a i l a b i l i t y  of chemicals: It may sometimes prove d i f f i c u l t  

t o  ensure r e l i a b l e  d e l i v e r i e s  of t h e  chemicals and raw ma te r i a l s  

needed i n  k r a f t  pulping and bleaching; 

( c )  Technology: Kraft  pulping involves a number of chemical processes ,  

a l l  of which must be cont ro l led  very s t r i c t l y .  In  an i s o l a t e d  

small m i l l  i t  may prove d i f f i c u l t  t o  e s t a b l i s h  t h e  necessary 

standard of supervis ion;  

(d) Ecology: In a developed country, even a small k r a f t  m i l l  poses 

almost insurmountable ecologica l  d i f f i c u l t i e s  because of t h e  

exorb i tan t  cos t  of t h e  required a n t i p o l l u t i o n  measures. The 

d i f f i c u l t i e s  a r e  caused mainly by t h e  use  of sulphur i n  t h e  process ,  

bu t  sulphur is t h e  p r e r e q u i s i t e  f o r  t h e  favorable  q u a l i t y  mix 

exhibi ted by k r a f t  pulps. In developed coun t r i e s  small h a f t  

m i l l s  a r e  being closed down o r  r e b u i l t  i n t o  l a rge ,  modern u n i t s ,  

and t h e  development of new a n t i p o l l u t i o n  technology is  geared 

exc lus ive ly  t o  t h e  needs of t h e  l a t t e r  type  of p l an t .  The same 

goes f o r  t he  pulping technology. 

Thus, it is not  l i k e l y  t h a t  a small  k r a f t  m i l l  b u i l t  today i n  a 

developing country w i l l  ever be a b l e  t o  compete economically wi th  a l a r g e  

k r a f t  m i l l  b u i l t  i n  a developed country i n  t h e  e a r l y  1970s o r  even e a r l i e r .  

The conclusion seems t o  be t h a t  when small k r a f t  m i l l s  a r e  b u i l t  i n  

developing count r ies ,  something which cannot be e n t i r e l y  avoided, one should, 

from the  s t a r t ,  count on t h e i r  being uncompetitive on t h e  world market. However, 

such ventures  may s t i l l  be j u s t i f i e d  because of t h e  e f f e c t  on t h e  i n d u s t r i a l  

s t r u c t u r e  o f  t h e  country, re fores ta t ion ,and  the  labor  o r  fore ign  exchange 

s i t u a t i o n s .  
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The Food and Agricul ture  Organization of t h e  United Nations has 

suggested i n  a 1979 paper* t h a t  i n  cases  where s m a l l  k r a f t  m i l l s  i n  developing 

coun t r i e s  cannot be avoided, t h e  only e f f e c t i v e  way t o  reduce t h e  c a p i t a l  cos t  

is  t o  go back 30 t o  40 years  i n  techniques and bu i ld  t h e  type of simple m i l l s  

used then, although t o  do so would r e s u l t  i n  increased opera t ing  cos t s .  The 

advantages of t h e s e  simple mills would be  increased employment, r e l a t i v e l y  easy 

opera t ion  of t he  p l a n t s  and lower demand of spare  p a r t s ,  which could be p a r t l y  

made l o c a l l y  e i t h e r  i n  t h e  m i l l  maintenance shop o r  i n  l o c a l  machine works. 

A very  important aspec t  would be reduced need f o r  highly s k i l l e d  opera tors  and 

thus reduced need f o r  t r a in ing .  Countries wi th  cheap l abo r  would be benefi ted 

the  most. However, these  m i l l s  should be designed i n i t i a l l y  so t h a t  energy- and 

chemical-saving equipment can be added l a t e r  when the  e n t e r p r i s e  considers  i t  

t o  be economically advisable  and can af ford  it. 

VI.B.6.2 Plant  S i t i n q  

S i t i n g  of pulp and paper m i l l s  is determined mainly by t h e  following 

f ac to r s :  t r anspor t  economics, water supply, and degree of in tegra t ion .  

A s  has been shown i n  Section VI.B.5, t ranspor t  economics suggest t he  

loca t ing  of prime wood processing i n d u s t r i e s  ( i n  t h i s  case  pulp m i l l s )  c l o s e  

t o  t he  source of wood i n  order  t o  produce a higher-value, more economically 

t ranspor tab le  product. In  addi t ion ,  l o c a l  processing is p re fe rab le  i n  t h a t  

i t  encourages i n d u s t r i a l  development and l o c a l  know-how, improves employment - 
p o s s i b i l i t i e s  and a i d s  t h e  economy a s  g rea t e r  va lue  is  added t o  t he  f in i shed  

product wi th  a consequent gain i n  fore ign  exchange earnings. 

*U.N., Food and Agr icu l ture  Organization, "Prospects f o r  e s t ab l i sh ing  v i a b l e  
small-scale pulp and paper i n d u s t r i e s  i n  developing countr ies" ,  UNIDO s e r i e s :  
Monographs on Appropriate I n d u s t r i a l  Technology, No. 3, New York, 1979. 



The second important f a c t o r  i n  l o c a t i n g  a  pulp and paper m i l l  i s  t h e  

water supply, a s  t h e  q u a n t i t i e s  required can be very high, e s p e c i a l l y  f o r  

chemical pulps. For example, in t h e  l a r g e  bleached k r a f t  pulp m i l l s ,  water 

requirements a r e  i n  t h e  range of 150 t o  200 cubic  meters per  ton,  which means 

t h a t  f o r  a  750-ton per  day bleached su lpha te  pulp m i l l  t h e  water requirement 

would be  of t h e  order  of 100,000 t o  150,000 cu m per  day. This  is  f o r  u se  i n  

process;  a  much l a r g e r  amount is  required a t  t h e  same m i l l  t o  d i l u t e  t h e  

e f f l u e n t s  i n  order  no t  t o  c r e a t e  a  p o l l u t i o n  nuisance: Such a  m i l l  obviously 

must be  s i t u a t e d  on a  l a r g e  body of water. The water requirements f o r  mechanical 

pulp and paper mills a r e  genera l ly  much lower. I f  paper m i l l s  a r e  i n t eg ra t ed  

w i th  pulp mills, most of t h e  paper m i l l  process  e f f l u e n t  is recycled t o  t h e  

pulp m i l l  process  s tages .  

The problem of water supply is  complicated by t h e  f a c t  t h a t  tfte flow 

i n  most n a t u r a l  bodies of water is h ighly  va r i ab l e .  This is p a r t i c u l a r l y  t r u e  

of those l akes  and r i v e r s  a f f ec t ed  by t h e  spr ing  runoff of mel t ing snow from 

t h e  mountains, a s  i n  most nor thern  fo re s t ed  a r ea s ,  o r  i n  those  t r o p i c a l  reg ions  

which a r e  subjec t  t o  monsoons. I n  bo th  ca se s  t h e  f low of water a v a i l a b l e  is  

very va r i ab l e ;  i t  may be a  f lood propor t ions  during per iods  of  h igh  runoff o r  

heavy monsoons, and may f a l l  t o  a  t r i c k l e  during o the r  per iods  of t h e  year.  

Therefore,  water flow records must be kept over a  long period of time, and 

provis ions f o r  water supply, s to rage ,  i n t ake  and o u t f a l l  must recognize this 

v a r i a b i l i t y .  The v a r i a b l e  flow is  a l s o  normally accompanied by l a r g e  q u a l i t y  

va r i a t i ons .  During per iods  of very h igh  flow t h e  streams a r e  u sua l ly  t u rb id  

and q u i t e  unsu i t ab l e  f o r  use i n  t h e  raw s t a t e ,  a s  process  water must be very  

poor and almost c o l o r l e s s  e spec i a l l y  when making bleached pulp o r  white  papers. 
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The water,  thus,  must be completely f i l t e r e d ,  because suspended s o l i d s  i n  

process  water no t  only d i sco lo r  and add undes i rab le  ma te r i a l s  t o  products  

bu t  v a s t l y  mul t ip ly  maintenance problems f o r  pumps and o the r  mechanical equipment. 

Where o the r  resources a r e  not  ava i l ab l e ,  p ipe l ines  5 t o  a s  much a s  

25 ki lometers  long, o r  deep w e l l s  a r e  used. Where water q u a l i t y  is very poor, 

such a s  near  t h e  mouths of l a r g e  r i v e r s  i n  h ighly  i n d u s t r i a l i z e d  a reas ,  wel l s  

may prove t o  be economically advantageous. 

S i t i n g  of paper mills is  determined b a s i c a l l y  by the  degree of in te -  

g ra t ion  of the indus t ry ,  as w e l l  a s  t r anspor t  and production economics. 

In t eg ra t ion  of t he  pulp and paper i ndus t ry  depends mainly on t h e  type of raw 

ma te r i a l s  a v a i l a b l e  and the  type of end-products des i red .  Wastepaper m i l l s  

and m i l l s  us ing non-wood f ib rous  raw ma te r i a l s  a r e  u sua l ly  i n t eg ra t ed ,  and t h e  

paper and pulp m i l l s  a r e  loca ted  a t  t h e  same s i t e .  dn t h e  o the r  hand, paper 

mills producing s p e c i k l i t y  papers  are usua l ly  non-integrated, a s  t hese  m i l l s  

use many kinds of pulps coming from d i f f e r e n t  p lan ts .  

A n  OECD study* r e p o r t s  t h a t  newsprint,  k r a f t l i n e r ,  semi-chemical 

f l u t i n g ,  sack k r a f t  board, and h a f t  board a r e  u sua l ly  manufactured In  f u l l y  

in tegra ted  operat ions.  P r in t ing  and wr i t i ng  paper is  r ap id ly  moving towards a  

higher degree of i n t eg ra t ion ,  too. In  t he  same study i t  is  mentioned t h a t  i n  

t y p i c a l  importing coun t r i e s  20-40 percent of paper production is in t eg ra t ed ,  

while i n  t y p i c a l  exporting count r ies  s i m i l a r  f i g u r e s  a r e  85-95 percent .  In  

general ,  i n t eg ra t ion  i n  t he  pulp and paper indus t ry  i s  expected t o  increase ,  a s  - 
it usua l ly  reduces the  operat ing cos t s .  Transportat ion c o s t s ,  however, i nc rease  

s i n c e  shipment of paper products is  more c o s t l y  than t h a t  of pulp. 

*OECD S e c r e t a r i a t ,  " In tegra t ion  i n  t h e  Pulp and Paper Industry i n  OECD Countries" , 
P a r i s ,  1982. 



V1.C Pulp and Paper M i l l  Descr ipt ions 

V I . C . l  Bleached Sulphate Pulping M i l l  

This m i l l ,  wi th  a production capac i ty  of 230,000 tons  per  year ,  began 

opera t ions  e a r l y  i n  1967. It is  owned by Domtar Ltd., and is  loca ted  i n  Lac 

Quevi l lon,  Quebec, Canada, about 640 km n o r t h  of Montreal, surrounded by 

ex tens ive  s t ands  of t imber,  predominantly b lack  spruce (Picea mariana). Fores t  

s t u d i e s  have shown t h a t  t h e r e  is  s u f f i c i e n t  wood a v a i l a b l e  wi th in  40 ki lometres  

of t h e  m i l l  t o  last t h e  f i r s t  25 years .  Approximately 30 percent  of t h e  m i l l ' s  

pulp production i s  u t i l i z e d  i n  Domtar's own paper m i l l s ,  t h e  balance being 

sold i n  North American and world markets. 

Pulpwood is  brought t o  t h e  m i l l  from   om tar's timber holdings supple- 

mented by pulpwood purchases from l o c a l  farmers and ch ips  from l o c a l  sawmills. 

Tree-length pulpwood is de l ivered  t o  t h e  m i l l  on a 24-hour.basis t h e  year  round. 

The wood is s lashed  t o  2.4-metre l eng ths  and debarked i n  one of three barking 

drums, each 20 metres long by 4 metres i n  diameter. The barked wood i s  chipped 

i n  a 15-knife chipper ,  and t h e  screened ch ips  blown e i t h e r  t o  t h e  d i g e s t e r  o r  

t o  s torage.  The o u t s i d e  chip s to rage  p i l e  has  a capac i ty  of about 220,000 cubic 

metres. 

The s i n g l e  750-ton per day d i g e s t e r  has a s h e l l  5.2 metres i n  diameter 

and 57.5 metres high. This includes an i n t e r n a l  washing zone where t h e  pulp 

is washed f o r  90 minutes. The d i g e s t e r  has  two chip-feeding l i n e s ,  each 

comprising a chip hopper, chip meter, low-pressure feeder ,  steaming ves se l ,  

high-pressure feeder ,  and a top separa tor .  A l l  h e a t e r s  a r e  ex t e rna l .  Cooked 

pulp s tock  is blown t o  a 125-ton capac i ty  (four hours of production) blow 

tank from which i t  is  passed through a magnetic t r a p  t o  four  k n o t t e r s ,  t h e  



knots  being recycled t o  t h e  d iges t e r .  Accepted unbleached pulp is washed on 

two drum vacuum washers, 4.26 m e t r e s  i n  diameter by 7.9 metres i n  f a c e  length ,  

arranged i n  series. The pulp then goes through t h r e e  s t a g e s  of screening 

through r o t a r y  screens ,  and four  s t ages  of c e n t r i f u g a l  c leaners .  It is then 

thickened and fed t o  a high-density s to rage  tank which holds 225 tons ,  about 

seven hours of production. 

F i l t r a t e  from t h e  unbleached pulp washers, weak black l i q u o r ,  con- 

t a i n s  about 16 percent  so l id s .  It a l s o  conta ins  malodorous sulphur compounds, 

which a r e  t r e a t e d  wi th  a i r  in an oxida t ion  tower. This s t e p  a l s o  reduces t h e  

requirement of make-up sodium sulphate .  The oxidized weak black l i quor  is  

evaporated i n  a s ix-ef fec t  evaporator p l an t  t o  50 percent  so l id s .  The s t rong  

black l i q u o r  is f u r t h e r  evaporated i n  a d i r e c t  contac t  evaporator ,  make-up 

s a l t c a k e  is added, and t h e  l i quor  is  f i r e d  a t  about 65 percent  s o l i d s  t o  a 

furnace. The furnace b o i l e r  produces 200 tons  of steam per  hour a t  25 atm and 

330'~. The b o i l e r  i s  equipped wi th  scrubbers  containing s t rong  b l ack  l i quor  t o  

remove t h e  sodium salts from t h e  f l u e  gases. I n  t h e  furnace, t he  organic  matter  

converts  t h e  sodium s a l t s  i n  t h e  spent  l i quor  and t h e  make-up sodium su lphate  t o  

sodium sulphide and sodium carbonate. Smelt from t h e  furnace bottom is  trans-  

f e r r ed  by water-cooled spouts  t o  a d i sso lv ing  tank, where water is  added. The 

r e s u l t i n g  green l i quor  is f i r s t  c l a r i f i e d  and then t r ea t ed  wi th  reburned lime 

i n  a s l ake r ;  t he  caus t i c i z ing  ac t ion  cont inues i n  a s e r i e s  of tanks. In  these,  

by the  ac t ion  of t h e  l ime, t he  sodium carbonate is converted t o  sodium hydroxide, - 
and t h i s  together  with the  sodium sulphide a r e  t h e  a c t i v e  pulping chemicals. 

The lime forms a calcium carbonate l i m e  mud which is washed and f i l t e r e d  and 

burned i n  a k i l n  3.5 metres i n  diameter and 85 metres long. 



Following t h e  high-density s torage  tank,  t h e  pulp is  bleached. The 

bleach p l an t  has six s t ages  arranged i n  t h e  following sequence: ch lo r ina t ion  - 
c a u s t i c  ex t r ac t ion  - sodium hypochlori te  - ch lo r ine  d ioxide  - c a u s t i c  ex t r ac t ion  - 
ch lo r ine  dioxide. There is  provision f o r  t h e  f u t u r e  add i t i on  of a hydrogen 

peroxide s tage.  Each bleaching s t a g e  is c a r r i e d  out  i n  a tower; s i z e s  of 

towers d i f f e r  from s t a g e  t o  s t age  - diameters vary from 5 t o  6 metres, and 

he ights  from 20 t o  30 metres. Each s t a g e  i s  followed by a l a r g e  r o t a t i n g  drum vacuum 

washer, 4 metres i n  diameter by 8 metres ac ros s  t h e  face. Subsequent t o  t h e  

f i n a l  s t a g e  of bleaching, t h e  pulp is t r e a t e d  wi th  sulphur d ioxide  t o  n e u t r a l i z e  

r e s i d u a l  bleaching agents.  The s tock  is  then pumped t o  one of two 125-ton high- 

dens i ty  s to rage  tanks which together  hold e igh t  hours' capaci ty.  

Bleached pulp from t h e  high-densi ty  s to rage  tanks is screened by 

pressurized c e n t r i f u g a l  screens,  followed by a three-stage c e n t r i f u g a l  c leaning  

system. From t h e  machine ches t ,  t h e  pulp is d i s t r i b u t e d  t o  an open headbox, 

from which i t  flows t o  a Fourdrinier  wire. The wire  is 6 metres i n  width and 

32 metres i n  length ,  of which t h e  forming sec t ion  i s  10  metres. The speed can 

be var ied  from 60 t o  150 metres per minute. The b a s i s  weight of t h e  shee t  can 

be var ied  from 650 t o  1,000 grammes per  square metre, 775 grammes per  square 

metre being standard. 

The suc t ion  couch is  followed by th ree  presses ,  one suc t ion  and two 

grooved, and includes four  predryers  between t h e  second and t h i r d  presses .  

The a i rborne  dryer  is  21 decks h igh  and is  equipped w i t h  208 c i r c u l a t i n g  fans  

t o  provide the  a i r  flow necessary t o  dry  the  sheet .  The hot shee t  leaving t h e  

0 
dryer  is cooled, a l s o  by an a i r  flow, t o  about 35 C. The pulp then passes  

d i r e c t l y  t o  a c u t t e r  which t r i m s  a t  5.7 metres,  producing s w e n  s h e e t s  8 1  

cent imetres  wide. The stacked shee t s  from t h e  layboy a r e  conveyed on two 

p a r a l l e l  bale-handling l i n e s  t o  two 1,000-ton hydraul ic  presses  f o r  shee t  
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compaction. The pressed ba l e s  a r e  wrapped, t i e d ,  stamped and automatical ly  

conveyed t o  t he  warehouse, which has a capac i ty  of 12,000 tons  of baled pulp. 

Ra i l  c a r s  a r e  loaded indoors. 

A chemical p l an t  provides a l l  bleaching mater ia l .  It inc ludes  a 

mercury c e l l  ch lo r ine  and c a u s t i c  soda p l a n t  and an e l e c t r o l y t i c  sodium 

ch lo ra t e  p lan t .  

The Lac Quevillon m i l l  uses  200,000 cubic metres of water per  day. Of 

this quant i ty ,  about 40,000 cubic metres a r e  t r ea t ed  i n  a c l a r i f i e r  wi th  lime, 

a coagulant and alum and passed through sand f i l t e r s  t o  con t ro l  the pH and 

remove colour and tu rb id i ty .  The bulk of t he  water i n t ake  t o  t he  m i l l  i s  simply 

fine-screened. A s epa ra t e  potab le  water system is provided. 

Power i s  purchased from a publ ic  u t i l i t y ,  stepped down through a 

subs t a t ion  and a series of t ransformers  t o  l o c a l  subs t a t ions  located i n  t h e  

var ious  departments of t h e  m i l l .  In add i t i on  t o  t h e  steam supplied by the  

recovery b o i l e r ,  t h e  m i l l  has  a power b o i l e r  operated on f u e l  o i l  and ra ted  

a t  150 tons  of steam per hour. About 90 tons  per  hour of generated steam a r e  

used i n  t u rb ine  d r i v e s  throughout t h e  m i l l ,  on pumps, t he  emergency power 

generator ,  b o i l e r  d r a f t  fans  and a i r  compressors. A i r  compressors supply 100 

cubic metres of a i r  per minute f o r  the  m i l l .  

Shops, s t o r e s  and o f f i c e s  a r e  provided, along wi th  spa re  p a r t s ,  m i l l -  

opera t ing  supp l i e s  and machine shops. The o f f i c e  space includes engineering, 

maintenance, instrument,  l abora tory  and production cos t  accounting departments,  - 

supervisory o f f i c e s ,  purchasing, personnel,  accounting, p l an t  management and 

the  company's woodlands d iv i s ion  management. 

Source : Food and Agr icu l ture  Organization CFAO) of t h e  United Nations, "Guide 
f o r  Planning Pulp and Paper Enterprises" ,  Rome, 1973. 
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While this paper m i l l  is a d i v i s i o n  of MacMillan and Bloedel Limited, 

one of t h e  world's l a r g e s t  in tegra ted  f o r e s t  i n d u s t r i e s ,  t h e  m i l l  i t s e l f  is 

small. It has one paper machine designed f o r  70 tons  per  day, planned t o  

serve  l o c a l  markets. It produces p r i n t i n g  (bond and book), wr i t ing ,  envelope 

and o ther  f i n e  papers. It is located on an i s l and  a t  t h e  mouth of t h e  Fraser  

r i v e r ,  adjacent  t o  t h e  c i t y  of Vancouver, B.C., t h e  l a r g e s t  population c e n t r e  

i n  western Canada. 

The m i l l  makes a wide v a r i e t y  of papers and the re fo re  uses  a l a r g e  

se l ec t ion  of domestic and imported pulps of west coas t  softwoods and hardwoods. 

These a r e  mostly chemical pulps,  but some brightened cottonwood (Populus 

t r ichocarpa var.  h a s t a i a )  groundwood is  a l s o  used. Bales of pulp a r e  pulped 

batchwise on a 1-ton, 15  t o  30 minute cycle;  c l a y  f i l l e r  and dyes a r e  added, a s  

required,  a t  t h e  pulper.  Four r e f i n e r s ,  each equipped wi th  a 200 hp (149 kW) 

motor, a r e  a v a i l a b l e  and, when t h e  predetermined "freeness" is  obtained, t h e  

pulp is  added t o  a blending tank. A l u m  and r o s i n  a r e  mixed i n ,  and then t h e  

blend is  dumped i n t o  a machine chest .  A l l  opera t ions  t o  t h i s  po in t  a r e  batch; 

t he  f ibrous  s tock  is cycled through t h e  r e f i n e r s  u n t i l  t h e  des i red  q u a l i t y  

is  obtained. A c e n t r a l  con t ro l  panel programs and records each batch. 

From the  machine chest  on, t h e  process is continuous. A consis tency 

regula tor  con t ro l s  t h e  amount of f i b r e  fed t o  two 250 hp (186 kW) Jordan 

r e f i n e r s  which complete t he  r e f in ing  process. From the  Jordans t h e  s tock  passes  

t o  a fan pump s t u f f  box. The fan  pump, r a t ed  a t  25,000 l i t r e s  per  minute and 

driven by a 350 hp (261 kW) motor, fo rces  t h e  s tock  through a bank of cen t r i -  

fuga l  pulp c leaners  and enclosed screens t o  t he  s tock  i n l e t  of the  paper machine. 



The s tock  i n l e t  is an a i r -pressure  cont ro l led  enclosed type, equipped 

wi th  two d i s t r i b u t o r  r o l l s  and an a u x i l i a r y  s l i c e .  The hydros t a t i c  head is 

held cons tan t  in order  t o  ensure uniformity of shee t  formation on t h e  wire. 

The Fourdr in ie r  wi re  is  3.05 metres (120 inches)  wide and has a nom- 

i n a l  l eng th  of 29 metres (95 f e e t ) .  It is  o s c i l l a t e d  from s i d e  t o  s i d e  by 

a shake mechanism. There a r e  32 rubber-covered t a b l e  r o l l s  and 7 f l a t  suc t ion  

boxes. Drainage con t ro l  d e f l e c t o r s  of s t a i n l e s s  steel wi th  p l a s t i c  tops  a r e  

loca ted  between t h e  f i r s t  11 t a b l e  r o l l s .  A dr iven  dandy r o l l  has a s p i r a l  

wrapped mesh. The suc t ion  couch r o l l  is  d r i l l e d  with a s p e c i a l  noise- 

reducing pa t t e rn .  

White water from t h e  Fourdrinier  wi re  d r a i n s  from pans i n t o  a sump 

t o  which t h e  suc t ion  of t h e  fan  pump is connected. Excess white  water beyond 

t h a t  required f o r  s tock  d i l u t i o n  is cleaned i n  a savea l l .  Stock ca r r i ed  by 

a i r  t o  t h e  su r f ace  of t h e  l i q u i d  i n  t h e  s a v e a l l  is scraped o f f  and recovered. 

Clear water from t h e  s a v e a l l  is used in p lace  of f r e s h  water i n  a v a r i e t y  of 

m i l l  operat ions.  

The paper machine has t h r e e  presses ,  t h e  f i r s t  being a s t r a i g h t -  

through suc t ion  p re s s  and the  second a revers ing  suc t ion  press .  The t h i r d  i s  a 

p l a i n  smoothing p re s s  wi th  a b ra s s  bottom r o l l  and a rubber-covered top r o l l .  

The suc t ion  p re s s  r o l l s  a r e  a l l  rubber-covered and a r e  a l s o  d r i l l e d  wi th  a 

spec i a l  noise-reducing pa t t e rn .  

The paper dryer  is divided i n t o  th ree  sec t ions ,  t he  f i r s t  two having 

a t o t a l  of 23 main dryers  and 4 f e l t  dryers .  High-velocity a i r  hoods a s s i s t  

t hese  dryers .  A ho r i zon ta l  s i z e  p re s s  cons i s t i ng  of a rubber-covered "bottom" 

r o l l  and a bronze "top" r o l l  is  followed by 8 main drye r s  and 2 f e l t  dryers .  



A l l  d rye r s  a r e  1.5 metres (60 inches)  i n  diameter,  3 metres (118 inches)  f a c e  

and made of c a s t  i ron ,  mounted on a n t i f r i c t i o n  bearings and dr iven  by opencast 

i r o n  gearing. A c e n t r a l  l u b r i c a t i n g  system serves  t h e  presses  and calender 

s t acks  a s  wel l  as t h e  dryers .  

There are two calender  s t acks ,  each wi th  10  r o l l s ,  equipped f o r  

hydraul ic  loading. Loading of t h e  primary and secondary arms of t h e  r e e l  is 

a l s o  accomplished by hydraul ic  means, and t h e  primary arms r e t u r n  au tomat ica l ly  

f o r  t h e  next  r e e l  bar. The winder opera tes  a t  760 metres (2,500 f e e t )  per 

minute. 

The d r i v e  f o r  the  machine is mechanical, and c o n s i s t s  of a steam 

turbine-driven main l i n e  s h a f t  serving t h e  11 sec t ions  of t h e  machine through 

cone pul leys  and be l t ing .  Draw is adjusted by b e l t  s h i f t e r s .  A l l  con t ro l s  

f o r  t h e  machine a r e  s i t u a t e d  i n  consoles i n  f r o n t  of each machine sec t ion .  

The machine is equipped with an open hood and f r e s h  a i r ,  and r ec i r cu la t ed  a i r  

may be proportioned i n  t h e  building. 

From t h e  winder t h e  paper r o l l s  can fo l low any one of f i v e  production 

l i n e s :  they can be s p l i t  and rewound on a rewinder, s tored  aga ins t  f u t u r e  

orders ,  shipped, o r  they can pass t o  a supercalender,  o r  t o  a c u t t e r  and lay- 

boy f o r  sheet ing.  There a r e  two trimmers. An automatic shee t  counter marks 

every spec i f ied  number of sheets .  

The supercalender is i n  the  basement and the  top r o l l  i s  j u s t  above 

t h e  machine room operat ing f loo r .  The s t ack  c o n s i s t s  of a l t e r n a t e  s t e e l  and 

paper r o l l s ,  and the  paper can make a maximum of f i v e  passes  a t  a maximum 

loading of 178 kilogrammes per l i n e a r  cent imetre  (1,000 pounds per  l i n e a r  inch) 

between t h e  r o l l s .  
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The m i l l  is b u i l t  on p i l e s .  Reinforced concre te  columns, beams and 

f l o o r  s l a b s  a r e  used i n  t h e  paper machine room, and laminated timber roof beams 

are a l s o  ex tens ive ly  employed. 

E l e c t r i c  power f o r  t h e  m i l l  is purchased, a l l  d r i v e s  being e l e c t r i c  

except f o r  t h e  500 hp (373 kW) steam tu rb ine ,  which is  t h e  prime mover f o r  the 

paper machine dr ive .  The t u r b i n e  uses  steam at 28 kilogrammes per square 

cen t imet re  (400 ps ig )  and 4 5 5 ' ~  (850'~) and t h e  exhaust steam a t  3.5 kilogrammes 

per  square cen t imet re  (50 ps ig )  is used i n  t h e  paper machine dryers .  One gas 

o r  o i l - f i r e d  b o i l e r  produces 13,600 kilogrannnes (30,000 pounds) of steam per  hour. 

Water f o r  t h e  m i l l  comes from t h e  Fraser  r i v e r ,  which is  sub jec t  t o  

t i d a l  v a r i a t i o n s  a t  t h e  m i l l  s i te  and c a r r i e s  much debr i s .  Water i s  taken 

from near  t h e  su r f ace  t o  avoid s a l t  from t h e  ocean, and is subjected t o  f locc ing ,  

s e t t l i n g  and f i l t e r i n g  of t h e  s e t t l e d  water through p re s su re  sand f i l t e r s .  

The paper machine opera tes  at 45 t o  450 metres (150 t o  1,500 f e e t )  

per minute and produces papers a t  a b a s i s  weight of  40 t o  320 grammes per  

square metre (25 t o  nea r ly  200 pounds, 3,000 square f o o t  b a s i s ) .  About 200 

grades a r e  made a l t o g e t h e r ,  including d i f f e r e n t  weights,  co lours ,  f i n i s h e s  and 

s p e c i a l  t reatments .  Grades inc lude  bond, book, o f f s e t ,  map, t ag ,  bag, envelope, 

t e l e type ,  r e g i s t e r ,  b r i s t o l ,  wr i t i ng  t a b l e t ,  mimeograph, dup l i ca to r ,  l i thograph ,  

s t a t i o n e r y  and wrapping. 

- 

Source: Food and Agr icu l ture  Organization (FAO) of t h e  United Nations,  "Guide 
fo r  Planning Pulp and Paper Enterpr ises" ,  Rome, 1973. 
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