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Abst rac t  

Based on Japanese d a t a ,  t h e  environmental manage- 
ment problem i n  t h e  i r o n  and steel i ndus t r y  has  been in -  
ves t i ga ted  from va r ious  p o i n t s  of view. Some q u a l i t a t i v e  
c h a r a c t e r i s t i c s  of t h e  p o l l u t i o n  problems i n  t h i s  i ndus t r y  
are overviewed and c l a s s i f i e d  by comparing them wi th  po l lu-  
t i o n  problems i n  o t h e r  i n d u s t r i e s .  To make t h e  q u a n t i t a t i v e  
i n v e s t i g a t i o n  of p o l l u t i o n  phenomena i n  t h e  i r o n  and steel 
i ndus t ry ,  a  model p l a n t  i s  in t roduced w i th  modern p o l l u t i o n  
c o n t r o l  dev ices .  To prevent  t h e  shor tage  of n a t u r a l  resources  
and t o  s o f t e n  t h e  environmental c o n s t r a i n t s  i n  t h e  f u t u r e ,  
t h e  need f o r  recyc l i ng  systems f o r  t h e  wasted i r o n  and steel 
i s  emphasized from t h e  t o t a l  system's  po in t  of view. 





1 . I n t r o d u c t i o n  

A s  a r e s u l t  o f  t h e  r e c e n t  sp read ing  of i n d u s t r i a l  deve lop-  
ment, human be ings  a l l  ove r  t h e  world are f a c i n g  a huge problem 
i n  env i ronmenta l  p o l l u t i o n .  Th i s  problem is  now u r g e n t  world- 
wide and r e c e n t  even ts ,  p a r t i c u l a r l y  i n  Japan,  have been d ramat i c .  
For  Japan,  t h e  urgency seems caused fundamenta l ly  bo th  by J a p a n ' s  
r a p i d  i n d u s t r i a l  development and by t h e  l i m i t e d  a v a i l a b i l i t y  of  
J a p a n ' s  land  r e s o u r c e s .  

An example o f  t h i s  r a p i d  i n d u s t r i a l  development c a n  be  
found i n  t h e  i r o n  and steel i n d u s t r y  which has  i nc reased  pro- 
d u c t i o n  a t  h igh  rates as shown i n  Tab le  1  .' A s  a r e s u l t  o f  r a p i d  

Tab le  1.  Development o f  p i g  i r o n  and o r d i n a r y  
r o l l e d  steel p roduc t s  i n  Japan 

3 
( 1 0  ton /year )  . 

Source: Ministry of International Trade and Industry. 

Year 

1950 

1960 

1965 

1967 

1968 

1969 

1970 

development ( i n  s p i t e  o f  depending h e a v i l y  on impor ts  o f  i r o n  
and o r e  and s c r a p  from d i s t a n t  c o u n t r i e s  as shown i n  Tab le  2 ) ,  
Japan became t h e  t h i r d  l a r g e s t  producer of  c rude  steel i n  t h e  
world by 1970 as shown i n  F igu re  1 .  Th i s  i s  a n  index o f  J a p a n ' s  
s u c c e s s f u l  i n d u s t r i a l  development,  and t h i s  s u c c e s s f u l  development 
i s  owing t o  t h e  h igh  c o n c e n t r a t i o n  of  p roduc t ion  a c t i v i t y  w i t h i n  
l i m i t e d  areas. 

'see " S t a t i s t i c a l  Handbook of Japan,  1972," Bureau of 
S t a t i s t i c s ,  O f f i c e  o f  t h e  Prime M i n i s t e r ,  Japan S t a t i s t i c a l  
Assoc ia t i on  (1972) ,  p. 51, 1972. 

Crude Steel 

Production 

4,839 

22,138 

41,161 

62,154 

66,893 

82,166 

93,322 

Ferro- 
A~~~~~ 

Production 

66 

445 

658 

945 

1,066 

1,297 

1,665 

I 

Pig Iron 

Production 

2,233 

11,896 

27,502 

40,095 

46,397 

58,147 

68,048 

Ordinary Rolled 
Steel Products 

Imports 

1 

1,001 

2,631 

6,486 

4,498 

3,623 

2,896 

Production 

3,486 

15,675 

30,034 

44,466 

48,594 

58,277 

66,691 

Imports 

- 
168 

16 

.99 

11 

2 1 

28 

Exports 

- 
1,995 

8,226 

7,908 

11,644 

13,621 

15,225 



Table  2 .  I r o n  o r e  s o u r c e s  i n  Japan  
3 

( 0  1 0  t on / yea r )  . 

Source: M in is t ry  of I n t e r n a t i o n a l  Trade and I ndus t r y .  
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F i g u r e  1 .  Produc t ion  o f  c r u d e  steel 
by c o u n t r y  i n  1970 .  

Pro- 
duc t ion  

826 

1,290 

1,119 

1,087 

1,059 

955 

861 

Imports 

To ta l  

1 ,435 

15,036 

39,018 

56,695 

68,164 

83,247 

102,090 

West- 
Malaysia 

521 

5,354 

6,956 

5,192 

5,116 

5,352 

4,906 

p ines  

575 .  

1,215 

1,482 

1,453 

1,536 

1,614 

1,872 

I n d i a  

9 6 

4,501 

7,913 

10,829 

12,772 

13,633 

16,522 

A u s t r a l i a  

- 

100 

231 

8,314 

13,814 

23,235 

36,597 

US 

0 

825 

2,660 

3,608 

3,545 

3,153 

3,257 

i 

Canada 

0 

1,084 

1,950 

1,680 

1,977 

2,044 

2,301 



I n  t h e  l i g h t  of bo th  t h e  r a p i d  development and t h e  concen- 
t r a t e d  i n d u s t r i a l  a c t i v i t y ,  it i s  t h e r e f o r e  no t  r e a l l y  s u r p r i s i n g  
t ha t .  t h e  Japanese government suddenly passed f o u r t e e n  laws d e a l i n g  
w i t h  p o l l u t i o n  and t h e  environment i n  1970 t o  p r o t e c t  t h e  land  
from p o l l u t i o n .  These laws soon a f f e c t e d  i ndus t r y :  a f t e r  t h e  
comple t ion o f  c o n s t r u c t i o n  f o r  Kobe S t e e l ' s  Kakogawa No. 2 b l a s t  

- f u rnace ,  o p e r a t i o n  had t o  be de layed u n t i l  t h e  p o l l u t i o n  c o n t r o l  
q u e s t i o n s  had been s e t t l e d  w i t h  t h e  c i v i l  a u t h o r i t i e s . 2  I t  must 
be s a i d ,  however, t h a t  modern i r o n  and steel making p l a n t s  a r e ,  
g e n e r a l l y  speak ing,  w e l l  cons t ruc ted  l a r g e  systems opera ted  by 
h igh l y  computer ized c o n t r o l  dev i ces .  I n  c o n t r a s t ,  p o l l u t i o n  
c o n t r o l  systems a r e  s t i l l  n o t  ve ry  w e l l  c o n s t r u c t e d ,  and t he re -  
f o r e  envi ronmental  p o l l u t i o n  is  n o t  ve ry  w e l l  c o n t r o l l e d .  The 
fundamental  r easons  f o r  t h i s  a r e  involved w i th  p o l l u t i o n  c o n t r o l  
investment :  

1 )  p roduc t ion  costs w i l l  i n c r e a s e  owing t o  p o l l u t i o n  c o n t r o l  
i n  o r d e r  t o  pay f o r  bo th  t h e  development o f  t h e  techno logy 
and t h e  d e v i c e s  themselves;  

2 )  p o l l u t i o n  c o n t r o l  techno logy i s  behind i n  i t s  development 
owing t o  i t s  c o s t s  ( f o r  example, t h e  exhaust  g a s  de- 
s u l p h u r i z a t i o n  techn ique  is s t i l l  n o t  e s t a b l i s h e d  and i s  
s t i l l  under r e s e a r c h ) ;  and from t h i s  f u r t h e r  t h e r e  i s  a 
l a c k  o f  techno logy t o  r e c y c l e  and t o  u t i l i z e  waste m a t e r i a l .  

C l e a r l y ,  as env i ronmenta l  q u a l i t y  c o n t r o l  l a w s  become more s t r i n g e n t  
it w i l l  become i n c r e a s i n g l y  necessary  t o  t a k e  them i n t o  account  
beforehand; t h e  impact  o f  envi ronmental  c o n s t r a i n t s  on i n d u s t r y  
w i l l  become more pronounced i n  t h e  f u t u r e .  

I n  t h i s  paper ,  s e v e r a l  a s p e c t s  of envi ronmental  p o l l u t i o n  from 
t h e  i r o n  and steel i n d u s t r y  w i l l  b e  examined w i t h  a view t o  t h e  
fo l low ing :  

a )  c l a r i f i c a t i o n  o f  p o l l u t i o n  problem c h a r a c t e r i s t i c s '  i n  
t h e  i r o n  and steel i n d u s t r y  by comparing them w i th  t h o s e  
o f  o t h e r  i n d u s t r i e s ;  

b) c l a s s i f i c a t i o n  o f  envi ronmental  p o l l u t i o n  i n  t h e  i r o n  
and steel i n d u s t r y  more i n  d e t a i l ;  

c) survey of a model p l a n t  which has  adopted modern p o l l u t i o n  
c o n t r o l  d e v i c e s ;  

d )  cons t ruc . t i on  of  a fundamental  framework a s  a b a s i s  from 
which t o  i n v e s t i g a t e  t h e  t o t a l  management o f  envi ronmental  
p o l l u t i o n  i n  t h e  i r o n  and steel i n d u s t r y  i n  t h e ' f u t u r e .  

21. Codd, " P o l l u t i o n  Con t ro l  and t h e  I r o n  and S t e e l  Indus t ry , ' '  
Report  o f  t h e  Th i rd  I n t e r r e g i o n a l  Symposium on t h e  I r o n  and S t e e l  
I n d u s t r y  o rgan ized  by UNIDO ( B r a s i l i a ,  B r a z i l ,  O c t .  14-21 , 1973) , 
pp. 1-50. 



2. P o l l u t i o n  Problem C h a r a c t e r i s t i c s  i n  t h e  I r o n  and S t e e l  

I n d u s t r y  

~t i s  e s s e n t i a l  t h a t  w e  examine t h e  i n d u s t r i a l  p o l l u t i o n  and 
waste  problems w i t h  a  broad p o i n t  o f  view; each  i n d u s t r y  i s  con- 
nec ted  w i t h  many o t h e r  i n d u s t r i a l  a c t i v i t i e s .  For  example, env i -  
ronmental  c o n s t r a i n t s  i n  t h e  steel i n d u s t r y  a r e  a f f e c t e d  by o t h e r  
i n d u s t r i e s .  I n  t h i s  s e c t i o n ,  based on Japanese  d a t a ,  l e t  u s  
c l a r i f y  b r i e f l y  t h e  c h a r a c t e r i s t i c s  o f  p o l l u t i o n  problems i n  t h e  
i r o n  and steel  i n d u s t r y  compared w i t h  o t h e r  i n d u s t r i e s .  

F i r s t  o f  a l l ,  it i s  necessa ry  t o  i n v e s t i g a t e  t h e  q u a l i t y  
and q u a n t i t y  of i n p u t s  i n t o  each i n d u s t r y ,  f o r  example, raw 
ma te r i a l s ' ,  energy ,  wa te r  r e s o u r c e s ,  and s o  on: a v a i l a b l e  i n p u t  
m a t e r i a l s  and energy  rough ly  de te rm ine  t h e  c h a r a c t e r i s t i c s  o f  
t h e  p o l l u t i o n  i n  each  i n d u s t r y .  A s  an example, l e t  u s  c o n s i d e r  
one o f  t h e  most impo r tan t  f a c t o r s  of  a i r  p o l l u t i o n ,  s u l f u r  
ox i des .  

The g e n e r a t i o n  o f  SO depends on t h e  q u a l i t y  o f  a v a i l a b l e  
X 

f u e l  o i l ,  c o a l ,  and i r o n  ore. For example, Tab le  3  shows t h e  
amount o f  heavy o i l  used by Japanese  i n d u s t r i e s  i n  1970. The 

- 

average  pe rcen tage  o f  s u l f u r  i n  class C heavy o i l  i s  1.93%.  3  
Th i s  t a b l e  shows t h a t  t h e  q u a l i t y  o f  heavy o i l  used  mos t l y  by 
t h e  i r o n  and steel  i n d u s t r y  i s  a t  a  r e l a t i v e l y  low l e v e l .  

Tab le  3. Heavy o i l  consumption by i n d u s t r i e s  
3  i n  Japan i n  1970 ( 0  10 k l / y e a r ) .  

3 ~ .  Furusawa , "An Overview o f  Technology f o r  Envi ronmental  
P o l l u t i o n  Con t ro l ,  No. 1 "  Kogai-boshi-sangyo (Envi ronmental  Po l lu -  
t i o n  C o n t r o l ) ,  - 3 ,  1 (1973 ) ,  2-13 ( i n  J a p a n e s e ) .  

I n d u s t r y  

i r o n  and steel 

food 

t e x t i l e  

pu lp ,  Paper 

chemica l  

ceramic  

non- fer rous m e t a l s  

mining 

electr ic  power 

etc . 
t o t a l  

Heavy o i l  

C l a s s  A 

342 

51 4 

148 

37 

199 

242 

173 

3  1  
- 

538 

2,224 

C l a s s  B 

1,476 

724 

533 

266 

937 

1,394 

591 

99 
- 

1,494 

7,514 

C l a s s  C 

9,625 

2,021 

3,997 

5,472 

11,510 

8,710 

1,428 

269 

35,621 

2,584 

81,237 

T o t a l  

11,443 

3,259 

4,678 

'5,775 

12,645 

10,346 

2,193 

399 

35,621 

4,616 

, 90,975 



Next, t h e  consumption o f  c o a l  by each i n d u s t r y  i n  Japan (1970) 

i s  shown i n  Tab le  4 .  Th is  t a b l e  shows t h a t  63% of t h e  c o a l  
used was consumed by t h e  i r o n  and steel i n d u s t r y .  Because o f  
t h i s  g r e a t  amount o f  f u e l  consumption t o g e t h e r  w i t h  raw m a t e r i a l s ,  
t h e  i r o n  and steel i n d u s t r y  g e n e r a t e s  huge amounts of SOx which 

goes i n t o  t h e  a i r  as shown i n  Tab le  5 (see Furusawa c i t e d  above ) .  

Now l e t  u s  t u r n  b r i e f l y  t o  c o n s i d e r  water  p o l l u t i o n  problems. 
F resh  water  is  recyc led  r e l a t i v e l y  w e l l  i n  t h e  i r o n  and steel  
i n d u s t r y .  However, as shown i n  Tab le  6,  t h e  amount used i s  v e r y  
h igh.5  I n  a d d i t i o n  t o  f r e s h  wate r ,  sea water  i s  needed i n  amounts 
two t o  t h r e e  t imes  g r e a t e r .  A s  a r e s u l t  of t h i s  water  consumption, 
it i s  necessa ry  t o  t r e a t  l a r g e  amounts o f  waste  wa te r .  

Next, l e t  u s  b r i e f l y  d i s c u s s  t h e  s o l i d  waste  problem i n  t h e  
i r o n  and steel  i n d u s t r y .  Tab le  7 shows t h e  t o t a l  amount of s o l i d  

was tes  exhausted by each i n d u s t r y  i n  ~ a ~ a n .  Though t h e  s o l i d  
was tes  genera ted  i n  t h e  i r o n  and steel i n d u s t r y  a r e  of g r e a t  
q u a n t i t i e s ,  t hey  a r e  r e l a t i v e l y  w e l l  reused by o t h e r  i n d u s t r i e s ;  
f o r  example, b l a s t  f u r n a c e  s l a g  i s  reused  a s  shown i n  Tab le  8 
(see Hisada, 1972) . 

L a s t l y ,  l e t  u s  c o n s i d e r  t h e  problem of p o l l u t i o n  c o n t r o l  
investment .  F igu re  2 shows t h a t  t h e  p o l l u t i o n  c o n t r o l  investment  
by l a r g e - s c a l e  i n d u s t r i e s  i n  Japan,  o f  l a t e ,  i s  abou t  101 of t h e i r  
t o t a l  investment ,  and t h i s  appea rs  q u i t e  h i gh  even when compared 

7 
I t o  t h e  US l e v e l .  I n  t h e  p a s t ,  t h i s  t y p e  of investment  h a s  been 

ve ry  low, e s p e c i a l l y  f o r  t h e  i r o n  and steel, pet rochemica l ,  pu lp  
and paper ,  and o t h e r  i n d u s t r i e s  which a r e  l a r g e  consumers of en- 
v i ronmenta l  r e s o u r c e s .  

F igu re  3 shows some r e s u l t s  o f  t h e  impact of t h e  p r i c e  of 
p o l l u t i o n  c o n t r o l  on v a r i o u s  f i n i s h e d  manufactured goods, assuming 
t h a t  i n  t h e  f u t u r e  a f i x e d  r a t e  o f  p o l l u t i o n  p reven t i on  c o s t  p e r  
s a l e  i s  passed on i n  t h e  form of a p r i c e  i n c r e a s e .  A s  w e  can  see, 

4 K. Hisada, "The Role o f  Chemistry i n  S t e e l  I n d u s t r y , "  
~agaku-kogyo (Chemical I n d u s t r y )  , 23, 1 1 (1 972) , 33-40 ( i n  Japanese)  . 

5 ~ .  Sug i k i ,  "Water Pollution--Phenomenon and Con t ro l ,  I' 
Giho-do ( 1  974) ( i n  Japanese)  . 

6 ~ .  Iwasak i ,  "On Treatment  o f  Sludge by I n c i n e r a t i o n ,  " 
G i  ju tsu- to-koga i  (Techniques and P o l l u t i o n )  , - 2 ,  10 (1 972) , 
38-46 ( i n  J a p a n e s e ) .  

7 " ~ u a l i t y  of t h e  Environment i n  Japan,  1973," Environment 
Agency of Japan (1 974) . 

L 



a l l  i n d u s t r i e s  wh ich  h e a v i l y  p o l l u t e  t h e  a i r  ( c h i e f l y  t h e  i r o n  
and s t e e l ,  cement ,  g a s  and e l e c t r i c i t y  i n d u s t r i e s )  o r  w a t e r  
( c h i e f l y  t h e  p r o c e s s e d  f o o d ,  s y n t h e t i c  f i b e r ,  p u l p  and  p a p e r ,  
and c h e m i c a l  i n d u s t r i e s )  w i l l  have h i g h  ra tes  o f  i n v e s t m e n t  
i n  p o l l u t i o n  p r e v e n t i o n ,  l e a d i n g  e v e n t u a l l y  t o  a h i g h  r a t e  o f  
p r i c e  i n c r e a s e  (see " O u a l i t y  o f  t h e  Env i ronment  i n  J a p a n ,  1 9 7 3 " ) .  
However, p r i c e  i n v e s t i g a t i o n s  o f  t h i s  t y p e  are s t i l l  under  way, 
and much more e f f o r t  mus t  be  f o c u s e d  i n  t h i s  d i r e c t i o n .  

T a b l e  4 .  Consumpt ion o f  coal by i n d u s t r y  
i n  J a p a n  i n  1970 ( *  1  o3 t o n / y e a r )  . 

T a b l e  5. Emiss ion  o f  SOx by i n d u s t r y  

i n  J a p a n  i n  1970 ( =  1  o3  t o n / y e a r )  

I n d u s t r y  

i r o n  and  steel  

elect r ic  

b r i q u e t t e  

g a s  

c o k e  

f u e l  f o r  r a i l w a y  

ceramic 

c h e m i c a l  f e r t i l i z e r  

g e n e r a l  f u e l  use 

etc . 
t o t a l  

C o a l  

55,472 

18 ,826  

2 ,545  

2 ,339  

2 ,233  

672 

628 

282 

2 ,413  

2 ,962  

88 ,372  

P e r c e n t a g e  

29 .5  

26.8 

12 .8  

8 .6  

5.9 

16.4 

100 

I n d u s t r y  

electr ic  power 

i r o n  and  steel  

c h e m i c a l  

ceramic 

p u l p  , p a p e r  

etc. 

t o t a l  

E x h a u s t  amount 
o f  SO 

1 ,764  

1 ,604  

766 

51 2  

352 

882 

5 ,880  



Table 6. Consumption of fresh water by 
industry in Japan in 1969. 

Indus t ry  Uni t  of water 
consumption 

3 8 
(m /day) /  ( 0  10 yen/year)  

294.53 

71.83 

143.50 

8.67 

14.07 

10.86 

791.64 

14.50 

543.34 

157.17 

102.15 

32.79 

146.17 

101.86 

28.16 

16.46 

19.77 

33.63 

16.21 

50.67 

1-53.42 

Product ion 
8 

( 0  10 yenlyear)  

Amount of 
f r e s h  water 

3 3 
( -  10 m /day) 

1,528.6 

446.6 

554.5 

7.3 

27.7 

9.5 

1,475.6 

25.5 

2,622.8 

234.2 

71.8 

9.8 

310.0 

262.2 

86.2 

87 .O 

120.7 

211.9 

12.1 

105.3 

8,209.3 

i r o n  & s t e e l  

food 

t e x t i l e  

c l o th ing  

lumber & wood 
products 

f u r n i t u r e  & 
f i x t u r e s  

pulp, paper 
& a l l i e d  pro- 
duc ts  

p r i n t i n g  8 
publ ish ing 

var ious  c hem- 
i c a l  i n d u s t r i e s  

r e f i n i n g  of 
coa l  & o i l  

rubber products  

l e a t h e r  & l e a t h e r  
products 

ceramics 

nonferrous meta ls  

metal products 

mechanical 
i ndus t r y  

e l e c t r i c a l  
machinery 

t r anspo r t  
equipment 

p r e c i s i o n  
i ndus t r y  

e t c .  

t o t a l  

Recyc l i n g  
r a t i o  
(2)  

7 0 

15 

5 

0 

10 

6 

25 

40 

60 

70 

40 

0 

40 

50 

5 

15 

20 

5 5 

5 

0 

45 

5,190 

6,217 

3,864 

84 1 

1,969 

874 

1,864 

1,757 

4,836 

1,490 

703 

300 

2,121 

2,574 

3,062 

5,285 

6,103 

6,300 

746 

2,078 

58,175 



Table 7. So l id  wastes exhausted by indus t ry  
4 

i n  Japan i n  1970 ( 0  10 ton/year)  . 

Indust ry  Exhausted s o l i d  wastes Percentage 

Table 8. Reuse of b l a s t  fu rnace s l a g  i n  Japan 
3 i n  1971 ( 0  10 ton /year ) .  

i r o n  & s t e e l  

pulp, paper & a l l i e d  
products  

chemical 

nonferrous meta ls  

e l e c t r i c a l  machinery 

e t c .  

t o t a l  

2,006 

354 

944 

767 

885 

944 

5,900 

road 

roadbed 

concre te  

f e r t i l i z e r  

rock wood 

cement 

bu i l d ing  ma te r i a l  

b l a s t  sand 

l a n d f i l l  

s e l f  consumption 

t o t a l  

34 

6 

16 

13 

15 

16 

100 

9,573 

27 2 

1,782 

413 

103 

1,587 

204 

3 1 

5,591 

4,531 

24,089 
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Figure 2. Pollution control investment of 
large enterprises in Japan. 
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3. C l a s s i f i c a t i o n  of  Envi ronmental  P o l l u t i o n  i n  t h e  I r on  

and S t e e l  I n d u s t r y  

I n  t h e  prevLous s e c t i o n ,  it was s t a t e d  rougl l ly t h a t  t h e  
i r o n  and s t e e l  i n d u s t r y  consumes l a r g e  amounts of raw m a t e r i a l s ,  
energy ,  and wa te r  and exhaus t s  a i r  and wa te r  p o l l u t a n t s  and 
s o l i d  was tes  i n t o  t h e  envi ronment .  I n  t h i s  s e c t i o n ,  l e t  u s  
c l a s s i f y  t h e  env i ronmenta l  p o l l u t i o n  i n  t h e  i r o n  and steel  i n -  
d u s t r y  i n  more d e t a i l .  Much r e s e a r c h  has  been done on t h e  
c l a s s i f i c a t i o ~  of p o l l u t a n t s  and s o l i d  was tes  i n  t h e  i r o n  and 

s t e e l  i n d u s t r y  from v a r i o u s  a s p e c t s .  Recen t l y ,  f o r  example, a n  
i n t e r n a t i o n a l  s p p o s i u m  was he ld  on env i ronmenta l  c o n t r o l  i n  t h e  - - 

s t e e l  i n d u s t r y  i n  Tokyo. 9  

Because 6n i r o n  and steel  making p l a n t  i s  a  l a r g e ,  complex 
system, i t s  p o l l u t i o n  phenomena a r e  f u l l  o f  v a r i e t y ;  t h e  p l a n t  
causes  a i r ,  wa te r ,  s o i l  and the rma l  p o l l u t i o n ,  s o l i d  was tes ,  
n o i s e ,  v i b r a t i o n ,  and odor .  C l e a r l y ,  it i s  n o t  a n  easy  t a s k  t o  
c l a s s i f y  i n  p e r f e c t  d e t a i l  t h e  p o l l u t i o n  phenomena i n  t h e  i r o n  
and s t e e l  i n d u s t r y ;  however, t h e  impor tan t  i t e m s  o f  p o l l u t a n t s  
a r e  d i scussed  below. 

Impor tant  a i r  p o l l u t a n t s  i n c l u d e  t h e  p a r t i c u l a t e s  SO NOx, 
X I  

CO, HC; f o r  wa te r  p o l l u t i o n ,  such i t e m s  a s  pheno ls ,  CN, s p e n t  
a c i d  ( h y d r o c l o r i c  a c i d ,  chromic a c i d ) ,  wa te r  w i t h  wasted o i l ,  
suspended s o l i d s  (SS) and contaminated r i n s e  wa te r  must be con- 
s i d e r e d .  For s o l i d  was tes ,  s l a g  i s  t h e  most impor tan t  m a t e r i a l ;  
f o r  odor ,  hydrogen s u l f i d e  must be taken  i n t o  accoun t .  I n  Codd 

(1973 ) ,  Bond and S t r a u b  (1972 ) ,  and R u s s e l l  and Vaughn (1974) 10 

d e t a i l e d  i n v e s t i g a t i o n s  have been c a r r i e d  o u t  f o r  t h e  c l a s s i f i c a -  
t i o n  of p o l l u t a n t s  and t h e i r  g e n e r a t i o n  sou rces .  

P o l l u t i o n  phenomena a r e  shown t o g e t h e r  w i t h  a  s i m p l i f i e d  
m a t e r i a l  f low i n  a n  i r o n  and s t e e l  making p l a n t  i n  F igu re  4 .  I n  
t h i s  f low d iagram, p o l l u t i o n  phenomena such a s  s o i l  p o l l u t i o n ,  
n o i s e ,  v i b r a t i o n ,  and odor a r e  om i t t ed .  P o l l u t i o n  problems owing 
t o  power g e n e r a t i o n  p l a n t s  and o t h e r  i n c i d e n t a l  p l a n t s  a r e  a l s o  
om i t t ed ;  t h e  secondary  and t e r t i a r y  p o l l u t i o n s  a r e  a l s o  om i t t ed .  
Note t h a t  i n  F igu re  4 w e  have a  t y p i c a l  example o f  secondary 
p o l l u t i o n  i n  wa te r  p o l l u t i o n  because a i r  p o l l u t i o n  i s  c o n t r o l l e d  by 
a  wet sc rubbe r .  

*see Codd ( 1 973) c i t e d  above. See "Envi ronmental ,  Hea l th  , 
and Human Eco log ic  Cons ide ra t i ons  i n  Economic Development Pro- 
j e c t s " ,  Fiorld Bank (1974 ) ,  pp. 111-113; A i r  ~ o l l u t i o n ,  v o l .  1  of 
CRC Handbook of  Envi ronmental  Con t ro l ,  ed .  R.G.  Bond and C.P.  
S t r a u b  (C leve land,  Ohio, CRC P r e s s ,  1972) .  

g " ~ e p o r t  on t h e  Symposium on Environmental  Con t ro l  i n  t h e  
S t e e l  I n d u s t r y " ,  Feb. 18-21, 1974, (Tokyo, I n t e r n a t i o n a l  I r o n  
and S t e e l  I n s t i t u t e ) .  

O C .  S.  R u s s e l l  and 1.i. J. Vaughn, "A Linear  programming Model 
of Res idua ls  Management f o r  I n t e g r a t e d  I r o n  and S t e e l  P roduc t i on , "  
J. - Environmental  ~ c o n o m i c s  and Management, 1 ,  1 (19741, 17-42. 

p- .--- - 
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and pollution phenomena in an 
iron and steel making plant. 

A 

t a r  
a i r  pollution 

+------ 

OPEN 
HEARTH Oxygen - 

fue l  STEEL 
FURNACE 

- 
BLAST 

FURNACE 

s in ter  

i ron ore - limestone 
4 e lec t r i c i t y  

i 
T I 

B A S I C  
OXYGEN 
STEEL 
FURNCE 

ELECTRIC 
scrap ore 

ARC 

FURNACE 

& additions 

e lec t r i c i ty  
-2 



The n e x t  s t e p  c f  t h e  i n v e s t i g a t i o n  i s  t o  b u i l d  a  f low 
diagram i n  which t h e  amount of genera ted  p o l l u t a n t s  i s  shown 
f o r  each p rocess  i n  t h e  steel making p l a n t .  W e  s h a l l  r e t u r n  
t o  t h i s  problem i n  t h e  f o l l ow ing  s e c t i o n .  

4 .  Survey of a  Model P l a n t  which Has Adopted Modern P o l l u t i o n  

Con t ro l  Devices 

I n  t h e  p rev ious  s e c t i o n ,  no q u a n t i t a t i v e  i n v e s t i g a t i o n  of  
p o l l u t i o n  i n  t h e  i r o n  and steel i n d u s t r y  w a s  shown. The quan t i -  
t a t i v e  inpu t -ou tpu t  r e l a t i o n s h i p  o f  a p l a n t  depends on t h e  s i z e  
o f  t h e  p l a n t ,  t y p e  o f  p roduc t ion ,  l e v e l  o f  techno logy,  q u a l i t y  
of i n p u t  m a t e r i a l s ,  and s o  on. Fur thermore,  s i n c e  t h e  r e c e n t  
development of  p o l l u t i o n  c o n t r o l  techno logy has  been very  r a p i d ,  
it i s  a d i f f i c u l t  t a s k  t o  e v a l u a t e  t h e  p o l l u t i o n  c o n t r o l  e f f e c t s .  

I t  i s  impor tan t ,  however, t o  p l an  a  model p l a n t  i n  which 
modern p o l l u t i o n  c o n t r o l  d e v i c e s  a r e  adopted.  Recent ly ,  a  few 

s t u d i e s  have been done i n  t h i s  d i r e c t i o n , ' '  and i n  t h i s  s e c t i o n  
w e  w i l l  b r i e f l y  survey a  model p l a n t  i n v e s t i g a t e d  by J. Nakagawa. 

F i r s t  of  a l l ,  it i s  necessary  t o  t r a c e  t h e  inpu t -ou tpu t  
r e l a t i o n s h i p  o f  t h e  whole p l a n t .  For a  model p l a n t  t h a t  pro- 
duces s i x  m i l l i o n  t o n s  of steel pe r  y e a r ,  t h e  rough m a t e r i a l  f l ow 
i s  es t ima ted  i n  F igu re  5. I t  is a l s o  es t ima ted  t h a t  heavy o i l  

energy i n p u t s  o f  89.6 kl/h and electr ic  power i n p u t s  of 2,250 
6 

10 kwh/year ( = 375 kwh/ton o f  steel  i r o n )  a r e  necessary ;  f u r t h e r ,  
6 3 f r e s h  wate r  i n p u t s  of 73 10 ton/year  ( = 200 10 ton/day)  a r e  

necessary  f o r  t h e  i n d u s t r i a l  water  f o r  t h i s  model p l a n t .  (No 
c o o l i n g  w a t e r  i s  i nc luded  i n  t h i s  f i g u r e .  ) 

F igu re  6  shows an i l l u s t r a t i v e  p i c t u r e  of t h e  p l a n t  i n  
which a i r  and water  p o l l u t i o n  c o n t r o l  d e v i c e s  a r e  adopted f o r  
each p rocess .  I n  t h i s  k ind of r e s e a r c h ,  o n l y  p a r t i c u l a t e s  and 
s u l f u r  ox ides  of a i r  p o l l u t a n t s  and some items of water  p o l l u t i o n  
a r e  i n v e s t i g a t e d ;  p o l l u t i o n  c o n t r o l  e f f e c t s  a r e  a l s o  taken  i n t o  
account .  The r e s u l t s  t h a t  w e r e  obta ined  h e r e  a r e  surnrnarized'in 
Tab les  9 and 10. I n  t h i s  r e s e a r c h ,  secondary p o l l u t i o n  from a i r  
p o l l u t i o n  c o n t r o l  by a  w e t  sc rubbe r  i s  taken  i n t o  account .  A s  
a r e s u l t ,  t h e  e s t i m a t e  f o r  t h e  c o n s t r u c t i o n  investment  of po l l u -  
t i o n  c o n t r o l  equipment i s  10.9% of  t h e  t o t a l  c o n s t r u c t i o n  in -  
vestment  of t h e  model p l a n t .  

See Codd (1  973) and J. Nakagawa, " Q u a n t i t a t i v e  Ana lys is  
o f  P o l l u t a n t s  i n  I r o n  and S t e e l  I n d u s t r y , "  Kogpi-kenkyu (J. Environ- 
menta l  P o l l u t i o n ) ,  - 1 (1 972) , 38-50 ( i n  Japanese)  . 
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F igu re  6. A i r  and water p o l l u t i o n  c o n t r o l  equipment 
i n  a n  i r o n  and steel  making p l a n t .  

5. T o t a l  Management o f  Envi ronmental  P o l l u t i o n  i n  t h e  S t e e l  

I n d u s t r y  

I n  t h e  p rev ious  s e c t i o n s ,  t h e  complex i ty  of  t h e  p o l l u t i o n  
problem i n  t h e  i r o n  and steel  i n d u s t r y  w a s  reviewed from v a r i o u s  
a s p e c t s .  I n  t h i s  s e c t i o n ,  l e t  u s  summarize t h e  env i ronmenta l  
management problems i n  t h e  i r o n  and steel i n d u s t r y  from t h e  t o t a l  
s ys tem 's  p o i n t  of  view. 



Table 9 .  Air p o l l u t i o n  and its contro l  i n  an iron  
and steel making model p lant .  

* 
The amount of sulfur oxide is calculated by the weight of sulfur. 

Process 

iron ore 
plant 

coke 

ovens 

sinter ing 

pig iron 

steel 
making 

teeming 
& pouring 

total 

* 

Pollutant 

particulate 

particulate 

particulate 

Sox 

particulate 

particulate 

particulate 

particulatz 

so 
X 

Exhausted 
gas volume 

m3 
(N /year) 

30,500 

22,200 

2,000 

55,700 

35,600 

68,000 

30,000 

8,500 

214,900 

37,600 

Pollution 
control 
investment 

(0 10 6 yen) 

1,050 

656 

1,500 

1,950 

8,000 

1,460 

3,150 

270 

8,536 

9,500 

Pollutant's con- 
centration (gr/~m3) 

input 

5 

10-30 

19 

1.5-15 

250 (ppm) 

0.2-5 

5-80 

5 

0.2-80 

19 

Pollutant's amount 
(ton/ year) * 

output 

0.1 

0.1-1.0 

0.35 

0.1 

25 (ppm) 

0.1-0.1 

0.1 

0.05 

1.01-1 .O 

0.35 

input 

76.146 

55,722 

19,977 

172,744 

3,104 

91,135 

160,874 

10,610 

567,231 

23,081 

Output 

1,523 

571 

368 

2,718 

590 

1,827 

449 

106 

7,194 

9 58 
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The environmental management and control problems that must 
be taken into account at each level of the industry are planning, 
scheduling, and operations. Particularly, special emphasis 
must be placed at the planning level. Here, the location and 
the scale of the plant must be checked not only from the stand- 
points of available raw materials, energy, water, and transpor- 
tation problems, but also from local environmental conditions. 
Because nature has the ability of self-purification, we must 
control the exhausted amounts of pollutants to keep within the 
upper limit of nature's environmental self-purification capacity. 
Nature's self-purification ability depends on many factors such 
as meteorological change by day and by season. Until now, no 
exact standard defining the capacity of nature's self-purification 
has been found. 

As a basis for the consideration of environmental management 
for the iron and steel industry, we must build a mathematical 
model which clarifies the input-output relationship of the whole 
plant. The model would include the relationships between raw 
materials, energy, water, production, pollutants, waste materials, 
and so on. Generally, these relationships depend on the level 
of production technology, and qualities of raw materials and 
energy. Based on this model, we must determine the pollution 
control policy at each process. This means determining the best 
pollution control devices and their capacities together with the 
pollution control investment. As an example, the distribution 
of the particulate size differs for each process, and thus it is 
necessary to determine the best pollution control devices taking 
the characteristics of the pollutant into account. Furthermore, 
we must investigate the problem of loss of efficiency owing to 
pollution control devices (for example, pressure loss caused by 
air pollution control equipment), necessary amounts of energy 
(and water) to drive the devices, and the costs involved. At 
the same time, it is necessary to consider secondary and tertiary 
aspects of pollution management. 

Finally, computer control is necessary to operate all pro-( 
cesses under optimal conditions. For example, incompletely 
burned fuel causes high costs and it generates pollution; it can 
be prevented by computer controlled adjustment devices. Also 
production processes and pollution control devices slowly change 
their characteristics as they age, and it becomes necessary to 
repair the devices or otherwise change operating conditions to 
maintain the best possible operating conditions in the plant. 
Cle'arly, the pollution control investment increases the price 
of production, and the economic aspects of the pollution control 
management must be taken into account on the long range planning 
level. 

6. Conclusions 

In this paper, based on Japanese data, the pollution problem 
in the iron and steel industry has been investigated from various 
points of view. Together with the effort to develop individual 



p o l l u t i o n  c o n t r o l  t echno log ies ,  it appea rs  necessa ry  t o  approach 
t h i s  problem through t h e  a p p l i c a t i o n  o f  modern systems s c i e n c e  
techn iques  because of  t h e  comp lex i t i es  invo lved.  Fur thermore,  
i n  a d d i t i o n  t o  t h e  management of  t h e  env i ronmenta l  p o l l u t i o n  
problem w i t h i n  t h e  i r o n  and steel making p l a n t ,  w e  need t o  b u i l d  
r e c y c l i n g  systems f o r  w a s t e  i r o n  and steel t o  p reven t  a s h o r t a g e  
of  n a t u r a l  r e s o u r c e s .  I n  F igu re  7, t h e  amount o f  w a s t e  i r o n  and - 
steel r ecyc led  i n  Japan is  shown;12 w e  can  see h e r e  t h a t  a con- 
s i d e r a b l e  pe rcen tage  of  w a s t e  i r o n  and steel i s  consumed as r a w  
material i n ' t h e  steel i n d u s t r y  once aga in .  However, i f  we m i s -  
u s e  i n d u s t r i a l  p roduc t ion  w e  w i l l  f a c e  n o t  o n l y  a sho r tage  of  
n a t u r a l  r esou rces ,  b u t  many s t r o n g e r  env i ronmenta l  c o n s t r a i n t s  
i n  t h e  f u t u r e .  

12 
G .  J inpo ,  "Can w e  Harmonize I n d u s t r i a l  A c t i v i t i e s  w i t h  

t h e  Environment?" Nikkan-kogyo-shinbunsha (1.973), 130 ( i n  
Japanese)  . 
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Figure 7.  Recycling system of i r o n  and s t e e l  making: 
4 Japan, 1969 ( *  10 ton /yea r ) .  


