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1.1.  
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�   

  NSP 1985 1
659,000t 1980 2000-2012  1-2

 
 

 1-2  
 2000  2012  

 NSP  
 

  55       44  
( )   77,108,000  47,111,000  

SP    10  9  
( ) 10,115,000     7,650,000  

 W   0         0  
( ) 0         0  

 

1.2.  

 1-3
JIS  

 
 1-3 JIS  

 %  %  

 

JIS R 5210-2009  

/ /

 

 5  

/ /   

 

JIS R 5211-2009  

A/B/C  5--30 / 30--60 / 60--70  
%  

 

JIS R5212-2009  

A/B/C  5--10 /10--20 / 20--30   

 

JIS R 5213-2009  

A/B/C  5--10 / 10 -- 20 / 20--30   

   5  
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JIS R 5214-2009    

  

1.3.  

NOx
 

1996 99,267,000t

2011 57,576,000t 1990 86,286,000t
2010--2011 2011

76.5% 23.2% 0.3%
 1-1  

 
( 103ton)  

 
 1-1  

 
  1945--1973

10%/ 20Mt/ 11 2004 4.1--4.8%/
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2005 Lafarge( ) Holcim( ) Heidelberg Cement( ) Buzzi
Unicem( ) 10 2011

1/2
5%

80
  

  2009 30.80871 1/2
 1-2  1-4
2.1.5  

 
(106 ton) 

 

 1-2  

 
 1-4 2009 fyr  

   (103ton)  
 N.A  N.A  1,657,125  
 18  32  63,441  
 47  142  322,610  
 8      11  61,476  
 28      97  98,700  

0

200

400
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800
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  19      40  73,600  
  28  88  60,000  

  22  36  33,600  
  17   50  55,000  

 

JCA Cement Handbook 2012  
  

 
 1-5 (2009 fyr) 

( 103 ton)  
     
 1,657,125  1,622,216  820  15,611  
 59,567  44,308  802  10,720  
 190,020  185,072  2,035  5,670  
 52,212  48,473         831  4,572  
 63,956  70,530  6,767  1,007  

 45,753  44,042  1,453  2,805  
 36,317  36,086  3,237  1,955  

 30,441  25,384  1,186  7,015  
 30,860  28,913  2,848  2,838  

 

1.4.  
1.4.1.  

 
1-6 70%

NSP SP AQC
 

2008-2011 3,439 MJ/
-cement 1990 4.4% 1996 12

+ +
1990 2008-2012 3.8%

30-70% 2,500MJ/ -cement
90 100% SP NSP
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 1-3  1-4
/   

 
 1-6  

 
� +  

 
� +  

�  
�  
�  
�  

�  
�  
�  

 

 
 1-3   



8 
 

  
 1-4 /  

 
1.4.2. CO2  

CO2

CO2 2 CO2

CO2  

 
 

SP NSP  
 

 
 

CSI WBCSD
CO2 1990-2010 14% 2010 3,400 MJ/t
cement 30%

 
CO2  1-5 2011

CO2 1990 CO2 37% CO2

40%  
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 1-5 CO2   

 
1.4.3.  

  SP NSP 300-400
250-350

25-30%
 

 
 1-7  

2010 JCA  

 60% 
 20-30 Wh/t -clinker  

 20 / 9MW  
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22  

 
�  
� SOx NOx  

50
1955

 
 

2.1.  

 
 
�  
� SOx SO2 SO3   

    SP NSP SOx SP NSP
CaCO3���� �� �2

SO2

S  
� NOx N N

NO NO2 3.2 
� Dust

200
7% 20% 10 11-1013�-cm  

+ 250-350
105 -�����-cm  

�
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NOx  2-1  
 

 2-1  
    

1949    
1950   
1951   
1962    
1963 

 
  

1967    
1968    
1972-1997  

 
 

1972   NOx  
1973   NO2  
1974   NOx

 
1978   NOx  

22.2.NOx  
2.2.1.  

NOx SOx
1970 1973

0.02ppm NOx
1978 7

0.04-0.06ppm
Back ground

NOx
 

 
NOx  2-2  2-3  
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 2-2 NOx  
1978  

 NO2  
 1hr 0.04ppm-0.06ppm  
  

 
 2-3 NOx ppm  

 
 

Nm3/h  
-1973.8 

1973.8- 

1975.12 

1975.12- 

1977.6 

1977.6- 

1979.8 
1979.8- 

On 

%  

 
10 

10 

- 

- 

- 

- 

250 

- 

250 

350 

250 

350 
10 

 
10 

10 

480 

480 

480 

480 

250 

480 

250 

350 

250 

350 
10 

 
*NOx NO N2O NO2 N2O3 NOx NO NO2

NO2

NO2 JIS NOx

NO2  

NO/NO2 NO2

NOx   

 70   kg/108kcal 

140 

   20 

 1997  

 

ppm mg/m 100% NO2   

100mg/m3 200ppm  

NO  95% 100mg/m3 140ppm  

  

 

22.2.2.  

 2-2
NOx

 
1974 SOx NOx
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�����2

SOx

 
NOx SOx 1981 3

“ ” 1985
1975 60%  

%  

% 100  � ���� �
(��� )
�× 100 

  
NOx NOx  

 
  >1kl/h  

NOx  
�  

Q=0.51 {� C V }0.95 

 
�  

Q=0.51 {� C V �� Ci Vi }0.95         

 
Q NOx (m3N/h) 

C, Ci C= 9.0  Ci= 6.3 
      V  

( m3N/h  O2=0%) 

Vi  
( m3N/h  O2=0%) 

 

2.3.  
2.3.1.  
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Lepol kiln 1963 SP
  

    1971  NSP NSP
SP NOx NSP

L 30% W 1/2
 

    NSP BAT(Best Available Technology)

SP
- 30%

 
   70%

70  
 

 
 

VVVF  
 

 
    2.2.4  

 
 2-4  

 

 2006  2007  2008  2009  

 1,086  1,059  7,350  1,744  

 7,103  3,759  7,150  1,938  

 5,687  2,664  634  2,321  

 238  462  308    8  

  14,115  7,944  15,442  6,011  

 
    90

/ 100 kWh/ Clinker
5,000 t-Clinker 1-1.5  2-5
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 2-5  

 %  /1   

 60  3.5-4.0 kWh/t-Clinker  20 1  

Slag Mill  73  40 kWh/t-Clinker  5  

Roller Mill  46  10-20%  /   5-10/ 100t/h  

Air Beeem Cooler  50  0.5-1.5 kWh/t-clinker  1.5-3/  

Mill  46  30% /  15 / 200t/h  

2.3.2.  
    1.4.3 SP /AQC

CO2  
 
2.3.3.  
    

CO2 NOx  
    /

 2-6
JIS R 

0303-2004
EMS  

 
 2-6  

   

  ( )  

1.3             1.3  

    1.3  

   

 

 

 ( )  

1300 120  

900 80  

   

500 25%  
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50%  

90%  

   

 

2.4.  
2.4.1.  

 2-7 CaO SiO2 Al2O3 Fe2O3

ASR
 

1400-1500 900-1000

Pb Cr Cl P
CI

CI  

2011
471kg  

 
 

 2-7  
 CaO  SiO2 Al2O3 Fe2O3 SO3 

Portland Cement  62-65  20- 25  3- 5  3- 4  2- 3  

Eco Cement  59 -63  15- 19  7- 9  4- 5  3- 4  

  47- 55      

  45- 78  10-26  3- 9   

  77- 96     

    40- 90   

 28- 41     37-59  

  18.7  31.9  14.1  5.7  0.7  
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  17.1  37.6  17  8.2  0.6  

 

 2-1  2-2
 2-8 2010  

 
 2-1  

(103ton)  
 2-2  

0

100

200

300

400

500

1990 1995 2000 2005 2007 2010

Waste kg/t cement
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 2-8 2010  
  103 t/yr  

  7,345  

  6,443  

  2,514  

  1,914  

  413  

  564  

  87  

      

2.4.2.  
1 4500 t 2012

3.86
75% 77%

2,700 2011 ,
6% 32% 2010

53% 2010 10% 2010

2001 4

JIS B 5214
 2-9  2-3-  2-4

 
 

 2-9  
(*Na2Oeq%=Na2O+0.658K2O)  

/    

   cm2/g  >2500  >3300  

 

  h-m  

  h-m  
>1-00  

< 10-00  

-  

>3300  

 1d  

3d  

7d  

-  

> 12.5  

> 22.5  

15.0  

> 22.5  

> 25  
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28d  > 42.5  > 32.5  

    

  

  

< 10 mm  

  

< 10mm  

  %  < 5.0  < 5.0  

  %  < 4.5  < 10.0  

  %  < 3.0  < 3.0  

   %  < 0.75  < 0.75  

  %  

JIS R 5202  

< 0.1  0.5 1.5  

  

 
 2-3  
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 2-4  

2.4.3.  
  

50ppm
350ppm

 
 
2.4.4.  

 2-10 
4 5  

 
 2-10  

  
  

 800  2sec  850-900  
 10%  

  
200  

CO  
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22.5.  
2.5.1.  

4 Nm3

 
NOx

 
  NOx

 
 2-5  2-11
 2-12  

 2-5  
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 2-11  
   

 
 
NOx 

SP  
O2 10%  

 NOx/ NOx
 

 
SOx 

SP  
O2 10% SP NSP SP

O2 10ppm
 

 
O2 

SP  
NOx SOx O2=10%

SP  
SP   

  
 
CO 

SP   
 

BF   
  

 
 

SP   
EP   

BF  
 

 2-12  
   

 40,000Nm3 1 /2  
40,000Nm3 2 /  

SOx SOx 10Nm3 ( )  
SOx 10Nm3 1 /2  

NOx 40,000Nm3( )  
40,000Nm3 2 /  
40,000Nm3 /  

 
22.5.2.  

NOx
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O2  
22.5.2.1.  

NOx 200-1600
/  2-13

 
 

 2-13  
   

  180-500 
B/K/E/J/T 180 -1700 

  100-2000 
 900-2000 

 
2.5.2.2.  

 
JISB 8330  

 
 

 V C	2Pd/
 
 V=C	2gh/� 

 
V /s     
C  

      P Pa 
� /m3 

      
      � kgf/m3 
      9.81 m/s2  

JIS Z  8762  
 

 
    Q=C�F	2P/
 
 

Q m3/s 
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� /m3 
F m2 

P Pa 
 

,  
  
2.5.2.3. O2  

O2 NOx
NOx

O2  
NOx  
 

NOx
(����)
(����)× Cs  

 
NOx NOx  

    On O2 %  
  Os O2 %  
  Cs NOx  

 
NOx O2  2-14  

 
 2-14 O2  

( 1 9) 

 104m3N/h O2 %vol. 
 

 
10  10 
10   10 

 
JIS B 7983 O2  

�  
�  

 
2.5.3.  

  JISK 0095



25 
 

 2-6 NOx
 

 
 2-6 NOx  

 
22.5.4.  
2.5.4.1. NO2  

NO2 O3

NO2 545nm 2-200ppm 10-400mg/m3

NO  2-7  
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 2-7  

 

22.5.4.2.  
JIS B7982 NOx  

2-15  
 

 2-15  
   

ppm 
 

 CO2

 
0-20 

0-2000 
NO 
NOx NO2 NO  

 CO2 SO2

H C
 

0-20 
0-2000 

NO 
NOx NO2 NO  

 SO2 H C

 

0-50 
0-2000 

NO NO2 NO
 

NO2 NOx 
 SO2

 
0-100 

0-2000 
NO2 
NOx(NO2 NO) 
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NO O3 NO2 590-875nm

NO NO
NO2 10%

NO  
NO + O3 ���2 O2 
NO2 )���2 h� )  

  0-N%

 
   2-8 NO NO2

NO NOx NO
 

 
 2-8  

 
 

  NO 5.3�m NO
NO2 NO NOx  

 
  NO/NO2 SO2

CO HC O3  



28 
 

 
22.5.4.3. NO2  

NO2 O3

NO2 NO2 545nm 2-200ppm
10-400mg/m3 NO  

 

2.6.  

  NOx SOx

 2-16
 2-17  

1971

 
  EMS

ISO14000 ECO ACTION-21 PCDA Plan Check Do Action
 

 
 2-16  

   

40,000m3/h  

1

 

1  

40,000 m3/h  

2

 

1  

 

2  

SOx

40,000 

m3/h  

3

 

1  

 

3  

 
 

 1-  
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 2-17  
   

  SOx NOx HCl F  
 SOx NOx  

  pH COD SS  
   

 
 

  
 

 

 

2.7.  

  60 70
SOx NOx

70  
NOx

NSP
1990

 
 

2.8.  

1971
MFC SF RSP  KSV DD NSP 1997
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NOx SOx NOx
NOx 70

NOx
 2-18  

 2-18 NOx  
  

/m3N  

Dxn  

TEQng/m3N
NOx   

ppm  

 

O2% O2=10%vol. O2=12%vol. O2=10%vol.  

U -U  11  N.D 190 2013.7 

U -I 1      10    N.D 157 2013.6 

N.D not detected 



31 
 

33  

3.1.  
3.1.1.  
    “

” “
” “

- “
” “ ” “ ” “ ”4  3-1

CaO C SiO2 S Al2O3 A Fe2O3

F  
 

 3-1  
   

  3CaO SiO2 C3S  Al Na K, Ti Fe
Mg   2CaO SiO2(C2S) 

  3CaO Al2O3(C3A) SiO2 Mg  Na K
  4CaO Al2O3 Fe2O3(C4AF) 

 
   

    JIS 6
3  

 
3.1.2.  

  CaO SiO2  Al2O3  Fe2O3  SO3

1,250-1,600

   
�   

Marl
Calcite-CaCO3 850 CaCO3

CaO+CO2 CaO  
�  

SiO2, Al2O3 Fe2O3  Al2O3 Fe2O3
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�  

SiO2 80-90%  
�  

 
MgO C3S  

� CaSO4 2H2O  

 
 

33.1.3.  
    

 
�  

  
X

CaO SiO2 Al2O3 Fe2O3  3-1
 

 

 
 3-1  

�  
    SP

+
 

SP NSP SP
NSP  
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CaCO3

CO2 CaO 1400
 
 

SP  
  1950 Humboldt

Klockner- Hutte Bremen AG. 1
Polysius F.L.Smidth Krupp Wedag

 
 

 NSP  
1971 SP  

SP SP Calciner
CaCO  ���� /

10/90-60/40
850-900 NOx SP

Nox 70 -80
 

CFG IKN  
 

�  
  

 
    

——  
 
  NSP  3-2  
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 3-2 NSP  

 

33.2. NOx  
3.2.1.  

  N O
NO NO2 NOx
NO NOx 90-95% NOx N2O N2O4 N2O5 NO

O2 O3 NO/NO2 1
 

NOx NOx NOx  
NOx : NOx  
NOx NOx  

  
3.2.1.1. NOx 

Pyridine C5H7N Quinoline(C9H7N) Indole (C8H7N) Amides
(R-C-NR1R2) N 0.1-0.3%

0.7-0.3% N  
HCN NH3 N N2 N

NOx N 1% NOx NOx
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1,550ppm O2=0% 2000ppm O2=0% N
NOx NOx VolatileNO Char

N Char NOx
 NO  

33.2.1.2. NOx 
NOx Zeldovich NOx NOx Prompt NOx  

NOx  
NOx

 
N2+O NO+N 
NO+O2 NO+O 
N+OH NO+H 
 NO  

�  
� O2  
�  
�    

 
NOx  

  NO
NO CmHn CO H2

HCN NH
 

 3-3 NOx  3-4
NOx  
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� 2,200 K  

 3-3 NOx  

  

 

 3-4 NOx  
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33.2.2.  
  SO3 NH3 NH4HSO4

Ca
 3-2

 
 3-2  

NOx    
 CO2  

 SO2 NO   
 SO2  

 

3.3.  

NOx O2

NOx
NOx NOx

 
NOx

NOx NSP
 

NOx  
 

NOx  
NOx  

� N : � � � N  
� O2  

NOx  
�  
� O2  
�  
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 3-3  
 

 

NOx NOx 

 

O2  

 

N  O2  

  �    

 �  �   

  �  �  � 

  � �   � 

  �    � 

 �  �  � 

    �   

� �  

�  

:  
 

 3-3 2-3
NOx

 3-5 NOx  

  

 3-5 NOx  
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� SCR: Selective Catalytic Reduction  
�  (SNCR: Selective Non Catalytic Reduction) 
� Dry combined desulfurization and denitrification method  
 

——  
� NSP

NOx  
 

—— NOx
 

33.4. NOx  
3.4.1.  

NOx     
NOx NOx

NOx  
NOx

NOx

O2 NOx  
 
3.4.2.  

    “ ” “ O2 ” “ ”
NOx O2

 
NOx

O2
NO NOx NOx

2
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+  
+  

 
 3-6-  3-11  

 

 3-6  
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 3-7 NR  

 

 

 3-8  
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 3-9  

 

 
 3-10  
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 3-11  

NEDO Report 2012  

 
33.4.3. O2  

  NOx
O2

NOx O2
NOx  

    
CO NOx

NOx 2.4.2  
 

3.4.4.  

NOx
 

 

3.5.  
3.5.1.  
    NH3 NH3 NOx NO NO2

H2O N2  
4NO + 4NH3 + O2 ����2 + 6H2O 

O2 NOx NH3
50-70%
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�  
� ——  
�  
�  
�  

 3-12  

 
 3-12  

 
33.5.2.  

  NH3 NH2 2CO NOx NH3

NO  
4NO + 4NH3 + O2  �4N2 + 6H2O 1  
6NO2 + 8NH3 � 7N2  + 12H2O 2  

NO 1 O2 NO NH3

1 NO2 2
NH3 NH3 HCl

 
� ·  
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� ·  
� ·  

 
 

� ·  
� · NH3  
� · ( 0.4sec ) 
� ·  

 

33.6. ——  

SP  
—— SP 100  
—— 100-750  
—— CaCO3 CaO CO2 750 - 
—— C3S C2S 1300-1450  
—— 1300-1450  

 
  SP 40-50% NSP 80-90%

NSP CaCO3 NOx
800-1000 NOx

NOx  
SP NSP

NOx NSP  
a. NOx  
b. NOx  
c.  
d.  
e.  
f.

 
NSP

 3-13 NSP  
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 3-13 NSP  



47 
 

44 NOx  

4.1.  

NOx SOx

CRT

 4-1  
NOx

10% NOx 24

 4-2
 4-3  
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 4-1  
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 4-2   
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 4-3  

4.2.  
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���+��+��������

 4-1

 4-1
  

Clinker Ratio per t-Cement 
 

%  

Energy intensity of clinker 
 

GJ/t clinker  

Alternative fuel use for clinker production 
  

%  

Electricity intensity of cement 
 

kW/t-cement  

Total energy intensity of cement 
 

GJ/t-cement  

Total primary energy intensity  
 

GJ/t-cement  

Energy related CO2 emissions per t-cement 
CO2  

t-CO2/t-cement  

Energy & process CO2 emissions per t-cement  
CO2  

t-CO2/t-cement  
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55  

 5-1 

1962

1971 1978

1973 1979

1981

1970

 1967 1968  
 

 
1965

1967 2-9

 1952 1992

1951

1979 �

JIS 2004

1970

JIS B5214 2002
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 5-2  

NSP

Fuel NOx

Thermal NOx
O2

NOx
 

,

SCR NH3 SOx SNCR

SNCR + NH3

 

NOx
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66  

  European Commission JRC Reference Report(Industrial Emission Directive 2013)
NOx BAT  6-1 Pre-heating /Pre-calcining process

NOx 200-450mg/m3  6-2  
 

 6-1 NOx BAT  
Technique Applicabliity 
Flame cooling Applicable to all types of kilns used for 

cement manufacturing. The degree of 
applicability can be limited by product 
quality requirement & potential impacts 
onprocess stability   

Low NOx burners Applicable to all rotary kilns, in the main 
kiln as well as in the pre-calciner 

Mid-kiln firing Generally applicable to long rotary kilns 
Addition of mineralisers to improve 
the burnability of the raw meal 
(mineralized clinker) 

Generally applicable to ritary kilns subject 
to final product quality requirement 

Stage combustion also in 
combination with a precalciner & the 
use of optimized fuel mix 

In general, can only be applied in kilns 
equipped with a precalciner, Substantial 
plant 
Modifications are necessary in cyclone 
preheater systems without a precalciner  

SNCR In principle, applicable to rotary kilns. The  
Injection zones vary with the type of kiln 
process.  

SCR Applicability is subject to appropriate 
catalyst & process development in the 
cement industry  

 
 6-2  

Country Flame 
cooling 

Mineralised 
clinker 

Staged 
combustion 

SNCR SCR 

Belgium 2   2  
Germany   7 33 1 
Denmark  2  1  
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Spain  4 2 8  
France 2  7 18  
Italy 2  7 16 1 
U.K   1 9  
Austria 3  2 8  
Switzerland 2 1 1 4  

 
NOx NSP

1971 NSP
NOx SP 1997 SP NSP  6-1

SP -NSP  6-3 NSP  

 
 6-1 SP NSP  

 

 6-3 NSP  
Country Company Plant Capacity  (t/d) 
Indonesia PT Semen Andalas Ihongsa 4,000 
Iraq M.O.I&I Badoosh 3,200 
Jordan Jordan Cement  3,200 
USSR V/OI licensintorg Moldvia 5,000 
Thaikand Siam Cement Ta Luang 4,000 
USA Kaiser Cement Corp Permanenta 4,500 
India Narmada Jamanenta 3,000 
P.R.China Sinoma Cement Xiangtan 5,000 
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77  

A 1984  
  NSP 

 3,000 t-Clinker/day 
 ��!�"���#!!��$ 
  21kJ/kg  2.4   

N  1.2%bd 
 PC  

NOx  
O2=10%  

340 370ppm  220ppm  

 
 

'  
AQC  

 
 

N �� L=70 90ppm/0.1 N .bd 
AQC SP NOx  

 
  '     10% 15%vol ��$�;��� 50ppm 

   5%vol       ��$�;��� 50ppm 
   50  ��$ 30 40ppm 

NOx  
  N NOx  

AQC � Max 25%vol 
NOx Kiln  

(AQC ) 
NOx  

  8,000,000  
3 15  3,000,000 

( ) 1,000,000 
3Run 4,000,000 

 66,000,000  
( ) 22,000,000 

 7,000,000 
 20,000,000 

  1  17,000,000 
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1984  
 95% 90% � 200 230ppm   

NH3  

 
NOx  

 
 

  
NOx  

 


