


 
 

  

  

  

       
2019  
 

  

  
  

20501 13066  

24959000 )965 (-  24959755 )965(  
  

  

 
 
  
 

  
  
  

  

 





II



  

 

 

 

 

 3 -4  

   

 

 

 

 

  

 

 

  

III



  

  

 .  

   

 350 

61.19  

3.06  50  

 

 

  

 

  

 

  

. 

  

   

  

IV



  
ii  
1  
3  
5  
7   
11  
14 1-1 
15 1-2  
16 1-3   
18  1-4  
21  1-5  
22  1-6  
27  
32 2-1 Crude Distillation 
40 2-2Delayed Coking  
42  2-3  
46  2-4  
48  2-5Hydrotreating  
51  2-6Catalytic reforming  
54  2-7  
55  2-7-1  
59  2-7-2  
61  2-7-3  
63  2-7-4  
66  2-7-5  
78  2-7-6Blowdown System  
80  2-7-7  
82  2-7-8Storage Tanks  
84  2-7-9Rotating Equipment  
86  2-7-10  
87  2-8 
87  2-8-1   
88  2-8-2  
88  2-9  
89  2-10 
95  2-11  
99  

101 3-1 
102 3-2  

1



104 3-3  
105 3-4 
106 3-4-1  
109 3-4-2  
113 3-4-3  
116 3-4-4  
117 3-4-5  
119 3-4-6  
121 3-4-7  
126 3-5  
129 3-6  
129 3-7  
130 3-7-1  
130 3-7-2  
137 
139 4-1   
144 4-2  
146 4-3  
147 4-4  
152 4-4-1  
154 4-4-2  
156 4-4-3  
158 4-4-4  
161 4-4-5  
164 4-4-6  
167 4-4-7  
170 4-4-8  
172 4-4-9   
175 4-4-10  
177 4-4-11  
179 4-4-12  
180 4-4-13  
183 4-4-14    
185 4-4-15  
187 4-4-16  
188 4-4-17  
190   
193 ABSTRUCT 
195   

2



  

14 1-1 
15 1-2 
17 1-3)1992-2010( 
19 1-4 

30 2-1 
32 2-2 
33 2-3 
34 2-4
36 2-5  
38 2-6   
38 2-7  
39 2-8   
41 2-9  
42 2-10  
43 2-11  

44  2-12
(FCC)  

46 2-13FCC 
47 2-14    
48 2-15   
50 2-16 
51 2-17  
52 2-18   
54 2-19  
55 2-20 
56 2-21 
57 2-22  
58 2-23  
59 2-24  
60 2-25  
61 2-26  
62 2-27  
64 2-28  
67 2-29 
68 2-30  
69 2-31 
70 2-32 
71 2-33 
72 2-34  

3



72  2-35  
74  2-36  
76  2-37  
78  2-38   
79  2-39  
80  2-40  
81  2-41  
83  2-42    
95  2-43   

103 3-1 
105 3-2
106 3-3 
109 3-4
112 3-5 
120 3-6
121 3-7  
130 3-8    
132 3-9    
134 3-10 
135 3-11   
135 3-12   

140 4-1  1950-2018 
142 4-2 
143 4-32018
143 4-40182
145 4-5 
154 4-6 
154 4-7   
156 4-8  
158 4-9    
160 4-10   
161 4-11   
163 4-12  
164 4-13   
166 4-14  
166 4-15  
169 4-16   
169 4-17  
171 4-18  
172 4-19  
174 4-20  
174 4-21  
176 4-22  
176 4-23

4



178 4-24 
178 4-25
180  4-26  
182 4-27 
182 4-28
184 4-29
184 4-30  
186 4-31   
186 4-32  
188 4-33   
189 4-34  
189 4-35  

 
 

18 1-1  
20 1-2
25 1-3  2CO    

 

65 2-1 
73 2-2  
75 2-3   
97 2-4   

 

118 3-1  
123 3-2
127 3-3 

148 4-1 
149 4-2
151 4-3
152 4-4 
155 4-5-   
137 4-6- 
159 4-7 

5



162 4-8 
164 4-9 
167 4-10 
170 4-11
172 4-12 
175 4-13 
177 4-14  
179 4-15  
181 4- 16  
183 4-17  
185 4-18  
187 4-19  
188 4-20

6



 

 

  

   3 -4

  

 

  

 

 

  

   .  

7



 

  

 

  

 

  

  
   

  

8



  

  

986  636 

350 

61.19 3.059 

50   

 

 

  

 

 

 

 

 

9



 



 

 

1-1  

1-2

1-3  

1-4 

1-5 

1 -6 

  

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

12



 

  

    

  

     

  

  

  3 -4  %

7 -8 %

60  .(Nelson, R., 2013) 

 

 

  

  

  

  

13



1-1 :  

   

  LPG

      

 

1 -1 

  

1-1:   

 

14



1 -2 :     

250   

  

  

 

 

  

 

FCC  

 1-2 

   

 1-2 :  

                      

46%

25%

17%
5%

7%

15



 

  

  

1 -3:     

 

 /

 

 

 

.  

Energy Efficiency 

 

  

  

Energy Intensity Index EII  

 Solomon Associates 

  .  

16



  

   

   

 

  

1992 2010

100 90 2010 

1992 

 1 -3 

.  

1-3 : )1992-2010(  

         CONCAWE, 2012 

   

Best Technology Energy Performance 

  

80

85

90

95

100

105

110

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

/

17



100 

 

180 80

  

  1 -1  

(Rikhtegar, F., 2015)   

 1-1:    

 %      
100      
130-149      
150-179      
180-199      
200-250      

250     

  

1-4:    

   

  

  

 . 

   

. (Williams, R., 2008)  

  

  

  

18



 

   

 

   

 

  

 Capacity utilization 

 

  1 -4 

 .  

1-4:

Williams, R., 2008

 

 

)
(

 %)(

19



   

 

  

.   

  

         

 

 1-2    

 1-2:    
) ( 

          
  80  10  6  96  

  75  22  3  100  
  0  62  1.8  63.8  

  700  162  15  877  
  80  45  70  195  

*  051  35-177  5057  85-69  
  200  13  100  313  

  280  0  50  330  
  355  0  75  430  

  39  34  14  87  
  32  23  12  67  

  
Brandao, A., 2011  

   

  

  

20



 

85 

69 

 

  

 

 

  

 

  

  

 

   

   

1-5 :  

  

  

21



  

(Cagno, E., 2012) 

     

     (Worrell, E., Corsten, M., & Galitisky, C., 2015)   

  

 

 

. 

 

 

. 

 

 

 

 1-6:  

 

  

22



     

 

 

  

    

  

 

-

   

  

       

– – -   

   

    8

  

 

     

23



UOP 2009 

200  

 

 FCC 

 CCR

 400 

 20 

55  

2CO 

569  

30  (Wolschlag, et al, 2009) 

 

  

  

 

  

 (IPIECA, 2013)

 

   

 1 -3   

 

24



 

    

1-3:   CO2   

   CO2/ 

LPG 5.79 
  10.14  

  8.14 
 9.75  
  10.29  

                                   ARB, 2008  

  

 

 

  

. (Bergh, C., 2012)  

  

  

 .  

  

 

  (Fawkes, S., Oung, K., & Thorpe, D., 2016)  

25



 

 

 

 

 

 

 

 

 

 

 

 

 



 

2-1Crude Distillation  

2-2Delayed Coking

2-3

2-4Hydrocracking 

2-5Hydrotreating

2-6Catalytic reforming

2-7

2-8

2 -9

2 -10

2 -11:  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

 

 

 

 

 

  

  

 

28



 

  

 

            

  . (Rossiter, P., Jones, P., 2015)  

  

 

(IPIECA, 2013) 

Benchmarking   

 

 

 Nelson Complexity Index 

29



(IPIECA, 2013)      

 

  

  . 

2 -1 

  

2-1:    

Morrow, W., et al., 2013 

 

30



  

   

    

  

 

   

  

31



2-1: Crude Distillation  

 

 350°  

  

   Reflux Drum 

 

.   

 Sour Gas Treatment 

 

. 2 -2   

2-2 :  

  

  

 Light and Heavy Vacuum Gas Oil

32



Lube Oils

FCC

 

380405

   

Steam Ejectors   

   

 

 

 2 -3  

2-3 :  

33



  
 

22

.  

.  

 

.  2 -4    

 .  

2-4:

  

  

34



 

  

 

 
 

   

 

   

 

Overhead Reflux  

  

  

  

  

   

 2 -5 

  

35



2-5:   

  

    

 Purity 

  

95

98 

  

  

 

 

  

 

  

36



90  

 10

14  

  

 

   
   

  

   
E-10 10.1 

 
E-16 

E-15. 
3.3 

1.06 

3.1 (Rossiter, P., & Jones, P. 2015)  2 -6 

  

2 -7 

  

37



 2-6 :   

  
2-7  

  

  

 . 

 

38



 

 

 

 

 2 -8   .  

2-8:    

39



Stripper

 

 

   

   

 

 

  

2-2Delayed Coking

 . 

  

500°

 

 2 -9 

  

  

 

  

40



 

 

 

  

 

. 
 2-9:    

  

 

 

 

41



2-10 

   
2-10:    

                                              

  

  

  

 

 

 

2-3   

 

  

42



 Stripping steam

 

    2 -11   

2-11  

  

  

  

 

43



   

(Pellegrino, J., 2007)    

 Hot Gas Expander

Air Blower 

   Gear Box 2 -12 

.  (Wolschlag, et al., 2009)  

2-12:  
 (FCC) 

          :Wolschlag, et al, 2009  

 

 

 

 3   

  (Santner, C., 2013)  

  

 

44



   

  

   

           

 

 65 

25    210 

  

70  (Venkatesan, V., Iordanova, N., 2003)  

 

 

Pump around reflux       

  

600 

45



  2-13  

      

 2-13  :   FCC  

  

2-4Hydrocracking   

 Fixed bed 

400° 

.   

 -

   

 

 

 

 2 -14 .  

46



2-14:    

  

  

    

  

  

  

  

   Exothermic 

 

 

 -

47



  

    

  

2-5:Hydrotreating     

Catalyst  

  2 -15 

.  

2-15:

  

48



  

   

  

 

  

 

 

  

  

 

°

  - 

  

49



  2-16:   

 

 Cycle Length

 

  

  

   

 

SASOL 

    

12.% 

  

 

(Worrell, E., Corsten, M., & Galitsky, C., 2015)  

50



2-6 : Catalytic reforming  

  . 

 

 .  

 

Continuous Catalytic Reforming

  

   Semi-regenerative 

 

. 2 -17   

2 -18 

.  

2-17:   

  

51



 2-18:     

  

 

  

 

 .      

LPG 

 

52



65000   

  

  

 

  

 

 

 

Barnes, P., et al., 2005)( 

 "

 -

50

 8 

 .(Coppin, D., et al., 2011)2 -19 

 

  

53



2-19:    

  Coppin, D., et al., 2011  

2-7:   

 

  

 50 

  

 

  

  

  

54



2-7-1  

 . (Bressan, L., 2011)  

2 -20   

2-20   

  

   

 

  

Steam Reforming . 2 -21 

  

55



 2-21 :    

               Jechura, J., 2015 

Syngas 

  

  

Refinery off-gases 

50 

(Rossiter, P., & Jones, P., 2015)   

      

56



FCC 

 

 

 

PSA Membrane

Cryogenic units. )2011(  

2 -22     

 2-22 :    

  

 

57



4

10-20

 

2-23 

  
2-23       

         
  

 

58



  

    

 2018 (2 -24  

  

2-24:  

  

2-7-2  

Reboilers 60

75-90

 

  

59



   

 

  

  

 

Burners 

2 -25 

  

 2-25:    

  

  

60



 

  

273

 

 

 2 -26   .  

226

61



     

   

  

 Fouling 

 

 

 

 2 -27 

    

2-27 : 

         Ramasamy,  M., & Deshannavar, U., 2016  

 

62



  

2-7-4  

    

  

FCC

 

  

 

  

 

 .(White, C., 2005)  

Advanced Coordinator  

 

 . 2-28 

     

63



 2-28:   

          :., 2005CWhite,   

  

  

 2 -1 

 

   

  

  
  
  
  
  
  

64



2-1:   
 

  
 

 

  
 

 

  30835  976 1254 
  914  1,023  39 

  9940  811 336  
  7770  434 141  
2  2053  786 67 

  27603  971 1117 
1  1880  781 61 
2  2831  434 51 

  573 781 19 
  13205 622 342  

  15 7810.1 

  97,620 843 3,428 

    

 915 78130
1 13972 781455 
2 12995 781423 
 3530 781115 

 1 1109 78136
2 396 78113

1  12093 969488 
2 18569 747578 
3 14326 781466 

 2775 971112 
 9938 971402 

 6439 781210 
  87810.28 

 16 7810.1

 97,082 823 3,328 

 538  99 

 %0.6  %2.9 

  

  

65



 

 

5 -10

  

 

 

 

           

 
 

    

  
2-7-5 :  

   

    

 

 Steam boilerSteam 

turbineGas turbine 

66



Cogeneration . 

 2-29   .   

 2-29:    

       Marton, S., et al., 2017 

  

  

  

  

    

  

 

Blowdown   

67



 

  

  

    

 

       

             

      

 2-4 

 2-30 

   

2-30:

 

  

  

68



.  

   

            

0.8  9.5

4.5 69

 .  

 

-   

2-31

69



  

  

  

 

 

 

 

 

2-32   

2-32 :   

  

 

  

70



 

 

  2 -33 

 .  

2-33:

 

 

      

 

2-34  

  

71



2-34   

  

          

Draft 2-35 

  

2-35 

                          

     

  

72



  

 1.3

  

 2 -2  

  

 2-2:    

       

  3  0.6    
  2-5  -    

   115
  -    

  6-26       
  1  2    

    1.3  1-2.7    

    -   
  

  

  

  

  

  

 

  

  

73



  

 Steam trap  

           

 

 

  

Hammer 

 2-36 

  

2-36:

     

   

 

  

74



  

 

 

 

  

    

2 -3 

  

2-3

3-13%      
      

10-15%      
5%  1    
3-5%      

18%      

10%      

  

  

75



 

. 

    

 

  

Combined Heat and Power Production-

CHP.  

 

2 -37   

 2-37:     

   

  

  

76



   

  

   

 

 

  

 

   

  

 

 

   

 

   

(Hoong, C., et al., 2016)   2 -38  

A 

B

A BB 

  

77



2-:38   

         Hoong, C., et al., 2016  

 

2-7-6 :Blowdown System   

 

 

(Emam, A., 2015) 2 -39 

.  

78



 2-39:   

  

     

  

45 

 

  (Coppin, D., et al., 2011)  

  

  .        2-40 

  

79



 2-40:    

      :Kafrudi, E., et al., 2017  

2 -7 -7 :  

  

 

 (Morrison, F., 2014)   

 

 

80



  

 

Counter-flow  

Cross-flow

 

2 -41 

 
2-41:

     Morrison, F., 2014 

 

12000 

81



 12000 

 

 

  

 

  

 

 

  

278Storage Tanks  

   

 

 

  

 .

2 -42     

82



  2-42 :    

  

  

  

Electrical Coils

 

  

: (IPIECA, 2013)   

 

 

 

83



2-7-9 :Rotating Equipment  

  

80

   60

15

916 

   

   

   

  

 

  

 Rewinding

  

  

  

84



  

 

 

  

 

  

 Adjustable Speed  

 

 Centrifugal pumps 

 

  

  

  

10 -25  %

  

  

  

 

 

85



 

  

  

 

 

  

  

    

  

32 

  400  .    (EPA, 2010)  

2-7-10

  2

 

  (Narsimha Rao, G., 2015) 

86



 

 

 

  

 

 

 

 

 30 

2-8

   :  

2-8-1 Advanced Control System  

 

  

87



(white, C., 2005)   

 

 

Control Loops 

  

  

 

2-8-2 :   

Catalysts  

   

  

2 -9  

  

  

   

 

88



 

 

  

 (Rossiter, P., & Jones, P., 2015)   

 

  

2-10

50

8 

 

(Coppin, D., et al., 2011)  

2010 

  

 

89



 

 

      : 

  

  

  

 

 

  

 

Packinox 

  Catalytic Reforming 

    .   

  ULSD 

  

90



740 

Energy Efficiency Index  6

20

302008.   

Port Arthur   

  

(Delayed Coker). 

 

 

. 

  

 (ULSD) 3 

  

2.2 425 

30

 

  

  

91



     :  

 AMPERE

Act and Manage our Performance in Energy for Refining 

Europe 2010  

 

 

  

  

 

 

  

 

  

 

92



 

 

 

 

 

 

Modelling  

 

 

 

  

2

 50 .        

 

  

93



 

 

 

 

  

 300 

3   

     :  

AMPERE  

 

  . 

 

 

  

 

94



2-11 :   

 

 

 

 

250

       

2 -43 

)( 160°313° 

E-1  

E-3 

 Stripper  

   

2-43:    

95



 

E-1  E-3  

385° 

40° 72°

  

 

E-1 E-3

 

33% 

 

67% 

 

100% 

 

  2 - 4   

   

  

  

  

  

96



2-4 :    

  
  

  

  
1000 

  

 
  

  
  

  

  

  0  0  0  0  24.7  

E1 E3  5.2  380  1.7  4.5  18.8  

33%  5.2  335  1.6  4.8  18.8  

67%  7.9  490  2.3  4.6  16.3  

100%  9.2  537  2.9  5.5  15.5  

  
  

 

  250140

 

   

97





 

3 -1

3 -2ISO:50001

3 -3

3 -4

3-5

3 -6

3-7

 

 

 

 

 

 



100



 

  (Rossiter, P., Jones, P., 2015)  

Energy Management System 

  

3 -1  

  

International Standardisation Organisation 

ISO:9000.  

BS:8800

OHSAS:18001 ISO:14001

101



API:9100A

API:9100 B (EMAS, 2012)   

3 -2  

ISO  2011     

ISO:50001:2011 . 

EN 16001:2010  

  

  

    

(Rossiter, P., Jones, P., 2015) 

ISO:50001  

ISO:9001 ISO:14001

–  -  - 

 

 .      (EMAS, 2012)  

ISO:50001 

  

  

3 -1 ISO:50001 . 

102



3-1: ISO:50001  

      EMAS, 2012 

ISO:50001  

  

Significant Energy Use   

  

  

Energy Baseline   

103



  

Energy Performance Indicators     

 

  

3 -3  

ISO:50001 

 ISO:9001

ISO:14001

ISO:50001 

ISO:14001 (Marimo, F., & Casadesus, M., 2017)  

 

3-2 

  

104



3-2 :  

EMAS, 2012  

3 -4 :   

  

 

 

 

  

   

 3 -3  

105



3-3:   

 Rossiter, P., & Jones, P., 2015 

3-4-1:  

 

. 

 

  

  

106



 

 

 

 

  
 

 

 

 

  

 

 

107



 

 (Rossiter, P., & Jones, P., 2015)  

 

 

 

 

 

 

 

. 

 

ISO:50001 

 

 

(EMAS, 2012)  

108



  

 3 -4  

  

3-4 :  

  

3-4-2 :  

 

Benchmarking 

109



 

  

  

 

 
  

 
  

 
  

  

 

   :  

  

 

  

110



Test run

Refinery Energy Balance  

    

 

   

  

 

   

  

 

    

 

111



  

 Online Analysers  .  

     

3-5       

 (Rossiter, P., & Jones, P., 2015)  
3-5 :  

  

 (Hooke, J., et al., 2005)   

  

  

112



 

 

 

 

  

  

3-4-3 :  

 Benchmarking 

 

   

.      

 

  

    

 

113



10 -15

  

 

 

             

 

 

 

.           

 Fouling  

 

114



 

 

 

 Process 

Modeling Systems 

  

 

  

On stream continuous analyzer  

   

 

  

    

 

  

115



 

 

Bottom of the Barrel 

 

Co-generation  

   

 

 

Incineration  

 

.          

3-4-4  

 

 .  

116



 

 

  

   

  

 (Talati, M., 2016)   

1 .  

2 . 

3 .  

4 . 

 

 

  

3 -4 -5  

  

117



 

    (Rossiter, P., & Jones, P., 2015)    

 

  

 3 -1   

(CEC, 2004)   

 3-1:   
    

  
  

 
  

  
  

  
   

  
  

  
  

  

  

  
  

  

118



3-4-6 :   

  

 

  

 

 

 

  

 

 

 

  

 

119



3 -6 

   

3-6:   

   

 

 

 

  

  

3 -7 

  

120



3-7 :  

  

  

 

  

 

  
 

  

3-4-7  

   

 %
20

14
A B C

121



 

  

 

 

 

 

 

               

 
 

 

    

 

  

ISO:50001:2011 

3 -2  

  

  

  

122



3-2 :  

        
A       

A1        
1        
2        
3        
4        
5        
6        

7  
 

  
    

A2         
8        
9        

10  
  

    

B        
11        

12  
  

    

13        

14  
  

    

15        
16        
C        

C1       
17        
C2        
18        
19        
C3        
20        
        
21   -      

22  
 -

  
    

23   -      
24        
C4       

123



        

25  
  

    

C5        
26                 
C6        

27  
  

    

28  
  

    

29        
D        

D1        

30  
  

    

        
31   -      
32   -      
33   -      
34   -      
35   -      
36        
D 2        
37                  

38  
  

    

39        
40         
D 3        

D 3.1       
        
41   -4.2 4.5.1(      
42   -      
43   -      

D 3.2        
        
44   -      
45   -      
46   -      
47   -      
48   -      

124



        
49   -      
50   -      
51   -      
D 4       
        

52  
 -

  
    

53   -        

54  
 -

  
    

D 5        

55  
 

  
    

56        
D 6        

57  
  

    

58        
59        
E        

E 1       
        
60   -      
61   -      
62   -       
63   -      
64   -      
65        

66  
  

    

67         
68        
E 2       

69  
  

    

E 3        
70        
71        
72        
73        

125



        
E 4         
74        
        
75   -      

76  
 -

   
    

77   -      
E 5        
78        
79        
F        

F 1        
80            
81        
F 2       

82  
  

    

83  
  

    

EMAS, 2012 

3-5   

 

  

 

    

  

126



  3 -3 

 

3-3  

     

  II 

 : A.2  

 : A.2b/B.3 -  

3A.  

A3.1/B.1  - 
 

 
 -  
 -

 
A.4  

A.4.2/B.4  
  

A.4  

- 
 

A.5  

A5.1   -
 

.     
 -

 
 -

 
 -  

 A.6  

  -
 

 -  
IIIIV(  

IV C.3   
    

 :Weiss, D., and Penderock, C., 2013  

 

127



 

 

 

 

  

 

 

 

 

 

 

 

 

 

128



 

 

 

 

3 -6  

   

  

 

  

 

 

  

3-7   

   

(Eidt, B., 2011)  

  

129



3-7-1:   

  

75 

55

 .  3 -8 

   

3-8:    

 

3-7-2  

  

130



 

 

  

 

 

1200 

   

 

  

   

 

 .  

131



Key Energy Variables 

  

Diagnostic Indicators 

 

  

Global Measures 

 

 3 -9 

  

3-9:    

                                           

132



 

   

 

  

 

  

 

 

  

  

133



  3 -10 

  

3-10:   

  

   

80

   

20 

        .  

134



 

3 -11 

  

 3-11:   

  

 3 -12 

 

 )2006 -2010(.  

3-12:   

135





 

  

 

4-1

4-2 

4-3

4-4
 

 
 
 
 
 

 
 
 



138



 

  

  

 

 

  

  

 

   

 .  

4-1    

"" 1913

19271936

19451949

   

139



  

19671.1

64.4

4 

2010 15.5

20004 -1   

1950 -2018( .  
4-1:   1950-2018  

         2018      (   

  

   

5

15

26

43

55 56
62 63

0

10

20

30

40

50

60

70

0
1000
2000
3000
4000
5000
6000
7000
8000
9000

10000

1950 1960 1970 1980 1990 2000 2010 2018

10
00

 
/

140



49 

1990 40 1980 

 

 

  

 

   

141



 2018 52 8.28 

91.66

9.133 

11 

853 9.34

9.892.89 

 2018  4 -2 

  
 4-2 :     

2018   

 

35

14  104-3 

2018  .  

9.13
10

83.76
90

142



4-3 :2018  

  

36

2018184 -4 

2018  

4-4 : 0182 

143



4-2

 

 

.  

  

   

   

  

 

 

 .  

10 -20  

 

   

2018 48 63 

100 

144



100-200 26

200  

 26  4-5 

     

 4-5 :     

  

 

 

 

   

 

  

 

   

48

26

26

145



4-3 :   

  

 :  

 

.    

 

 

. 

. 

 

146



4-4

 

 

  

  

:          

 

 

4 -1 

  

147



4-1 :   
  

        
  82  114  186  

  51  92  113  
  114  166  230  

  213  269  342  
  159  168  321  

  110  170  209  
  102  175  236  

  61  88  164  
Brandão, A., 2011   

 

  15 %

 

 

EEI  

 1NCI   

 *100  

 4 -2    

  

  

                                                 
1 Nelson Complexity Index 

148



4-2  

      

100      

100-149      

150-200      

200-250      

250-300      

300      

  

  

-   

  

 

  

898 

149



582 

316 55.43 

2.77 

50  

 87.6 54.7 

32.91 

5.76 

288 50   

986 

636 

350  61.19 

3.059 

50 4-3 

  

150



15
1 

 

ا
ل 

دو
لج

4-3 :
طا

 ال
لاك

ته
اس

بية
عر

 ال
ول

الد
ي 

ر ف
وي

تط
 ال

عد
وب

ية 
حال

 ال
قة

طا
ة ال

اء
كف

ت 
شرا

مؤ
 و

قة
  

ولة
الد

 

الطاق ة التكريري  ة
 ألف ب/ي 

 عدد المصافي

قة
طا

 ال
لاك

ته
اس

 
%

قة 
طا

 ال
ءة

كفا
ر 

ؤش
م

 
لي

حا
 ال

ير
طو

الت
عد 

 ب
ير

وف
الت

 
لي

حا
 ال

عد
ب

 
ير

طو
الت

 
ف 

أل
يل

رم
الب

ب/
ح.

و.
*

 
ون

يلي
 تر

نة
لس

ب/ا
ح.

و.
 

ون
ملي

 
سنة

/ال
.ن

ب.م
*

  
أ

ف
 ل

يل
رم

الب
ب/

ح.
و.

 
ون

يلي
 تر

نة
لس

ب/ا
ح.

 و.
ون

ملي
 

سنة
/ال

.ن
ب.م

  
ون

ملي
 

نة
لس

ن/ا
.م.

 ب
 

ون
ملي

 
نة

لس
ر/ا

ولا
 د

ات
مار

الإ
 

11
19

 
5 

31
4 

10
7.

27
 

18
.7

7 
19

2 
81

.8
5 

14
.3

2 
4.

45
 

22
2.

42
 

31
7 

16
6 

ين
حر

الب
 

26
0 

1 
37

2 
31

.9
4 

5.
59

 
25

6 
21

.9
3 

3.
84

 
1.

75
 

87
.5

9 
16

9 
11

6 
س

ون
 ت

34
 

1 
32

2 
3.

61
 

0.
63

 
15

1 
1.

69
 

0.
30

 
0.

34
 

16
.8

0 
44

7 
21

0 
ئر

جزا
 ال

65
1 

6 
29

6 
63

.3
5 

11
.0

9 
13

8 
29

.7
 

5.
20

 
5.

89
 

29
4.

44
 

42
0 

19
4 

ية
ود

سع
 ال

28
59

 
8 

33
8 

29
6.

5 
51

.8
9 

25
5 

24
1.

72
 

42
.3

0 
9.

59
 

47
9.

33
 

17
8 

13
2 

ية
ور

 س
24

0 
2 

40
0 

31
.3

8 
5.

49
 

23
2 

18
.7

2 
3.

28
 

2.
22

 
11

0.
78

 
24

9 
13

8 
اق

عر
 ال

80
2 

12
 

36
4 

89
.9

2 
15

.7
4 

17
0 

41
.6

2 
7.

28
 

8.
45

 
42

2.
63

 
42

6 
19

8 
طر

 ق
42

9 
2 

31
2 

40
.9

7 
7.

17
 

17
3 

35
.4

9 
6.

21
 

0.
96

 
47

.9
5 

17
3 

13
4 

يت
كو

 ال
73

6 
2 

46
6 

11
0.

01
 

19
.2

5 
20

4 
48

.2
2 

8.
44

 
10

.8
1 

54
0.

66
 

23
7 

11
0 

بيا
 لي

38
0 

5 
29

4 
33

.2
 

5.
81

 
13

9 
15

.0
7 

2.
64

 
3.

17
 

15
8.

64
 

49
6 

23
2 

صر
 م

76
9 

8 
35

9 
90

.3
 

15
.8

0 
18

1 
45

.6
8 

7.
99

 
7.

81
 

39
0.

43
 

35
2 

17
4 

ي 
مال

إج
أوا

  بك
82

79
 

52
 

34
9 

89
8.

45
 

15
7.

23
 

19
0 

58
1.

69
 

10
1.

80
 

55
.4

3 
27

71
.6

4 
31

5 
16

4 
دن

لأر
 ا

90
.4

 
1 

36
2 

10
.8

 
1.

89
 

16
8 

5.
02

 
0.

88
 

1.
01

 
50

.5
8 

27
4 

12
7 

ان
ود

لس
 ا

14
0 

3 
29

2 
13

.6
9 

2.
40

 
12

6 
6.

11
 

1.
07

 
1.

33
 

66
.3

3 
58

6 
24

5 
ان

عم
 

30
3 

2 
32

1 
31

.5
4 

5.
52

 
23

0 
25

.2
 

4.
41

 
1.

11
 

55
.4

8 
28

6 
16

8 
رب

مغ
 ال

15
4 

2 
34

6 
16

.4
8 

2.
88

 
19

5 
11

.2
8 

1.
97

 
0.

91
 

45
.5

0 
25

2 
15

3 
نيا

يتا
ور

 م
25

 
1 

36
4 

3 
0.

53
 

17
5 

1.
44

 
0.

25
 

0.
27

 
13

.6
5 

43
3 

20
8 

من
الي

 
14

0 
2 

28
5 

12
.1

1 
2.

12
 

13
8 

5.
66

 
0.

99
 

1.
13

 
56

.4
4 

43
9 

21
0 

رى
أخ

ية 
رب

 ع
85

2.
4 

11
 

32
8 

87
.6

2 
15

.3
3 

17
2 

54
.7

1 
9.

57
 

5.
76

 
28

7.
96

 
37

8 
18

5 
ول

الد
 

ية
رب

الع
 

91
31

.4
0 

63
 

32
3.

14
 

98
6.

07
 

17
2.

56
 

19
7 

63
6.

40
 

11
1.

37
 

61
.1

9 
30

59
.6

0 
34

7 
17

5 
نية

طا
ري

ة ب
ري

را
 ح

حدة
 و

ب=
ح.

*و.
  

فط
ئ ن

كاف
ل م

رمي
= ب

.ن
ب.م

*
 

151



4-4-1

 

1119  4-4 

2018 

4-4
2018 

  68    400  
  40   80 60   

  41   85  
      
   80   140  

6.22 50.6 127 40 125 678.6 148.85 142.2 1119

   

  

    

 

   

   ADNOC 

    

  

152



317 

  

104

147

627355354

  

314 192 25.42 

23.70

317166  

 4 -6 

 4 -7 

  

  

153



4-6:   

   
4-7:   

  

4 -4 -2  

 

 260  4 -5 

  

  

147
104

354

627

355
317

120 104
161

277

166 166

0

100

200

300

400

500

600

700

%

238

287

381

243

423

314

194

287

173

107

197 192

0

50

100

150

200

250

300

350

400

450

154



4-5:    2018   
 

  

 

  

    

 
 

    

 
  

7.34 1.3  20 36  60 163 18 168.17 260  

     –   

"" 7.34

  

 

)2017(.  

"" 

 

  2009 

ISO-14001.  

         " "  260 

360 6.5 

2020 

54 70 

  

31.94 

372 

155



169

4-8 

- 

  

     

372 256 

 

 

169116  

4-8:

4-4-3

"" 

34 

372

169

256

116

0

50

100

150

200

250

300

350

400

156



4 -6  - 

2018.  

 4-6: -  2018   

 
  

 
  

 

 

 34 5.67 7.67  2.4 

 : -   

3.61 

322 

447     % 

    

  

  

 

  

  

 

322 151 

53.12

447210.%  

157



4 -9 

 -   

 4-9: 
 

  

4 -4 -4  

  

651  

  

  

4 -7  

2018. 

  
  
  
  

322

447

151

210

0
50

100
150
200
250
300
350
400
450
500

  %

158



4-7 :2018   
  

 

   

    

2.91  14.4 15  58  
1.85  2.7 2.4  22  
4.61  9.5 11.5 5.5 81  
2.25  54 60 5.5 355  

1          122    
4.92  6 2  2  13   

2.41  6  82.6  90.9  11  651    

     

 

 

 

  

 

100   

63.35  

296 

 

2.41  420

            

159



 

  

 

  

296 138

33.64 

53.11

 420194 

4-10 

4-11 

  

4-10: 

301

364

280
311

214

303 296

141

176

130
147

94

143 138

0

50

100

150

200

250

300

350

400

/

160



4-11:   

  

4-4-5  

  

2,859 4-8 

2018.  

 

 

 300 

(Solomon, 2016)    

 

  

  

217

417

504
460

713

206

420

102

201
234 218

314

97

194

0

100

200

300

400

500

600

700

800

%

161



4-8:   
2018   

 

  

 

 

   

     

55.5   60 110 100 150 50 140 550  

8.46     42 85 36 61 124  

3.86 15     50 40  235  

7.45 22  55 95  146.5 27 160 400  

8.24   45  46 275 18.8 100 310  

2.19    25  47  160 400  

10.03 16 96  32 116 270 61.7 170 440   

10.40 20 117  32 124 247 84 170 400   

6.99 73 213 160 293 490 1315.5 362.7 961 2859   

–   

  

296.5 

338 

178

300

162



255  

  

178132

 338 225 

54.77 

18.5 

4-12 

4-13 

  

4-12:

309

646

205

315 330

197

326
373

338

24
2 30

4

15
1

23
7 26

1

14
5

32
6 37

3

25
5

0

100

200

300

400

500

600

700

/

163



4-13:   

  

4-4-6  

107  "

133 4 -9 

2018  

4-9 :  
2018   

  

  

 

 

   

   

 
 

4.63 2.9 18.2    59.6 13.2 12.2  107  

6.60 7.5  26 26 40 45.7 21.46 54.1  133  

5.72  10.4 18.2 26 26  40 105.3 34.66 66.3  240   

185

255

177

141 134

300

108 120

178

145
120 130

106 105

220

108
120 132

0

50

100

150

200

250

300

350

%

 

164



  

 

   

 

  

2000 

7670 

 8168 

 

)Johra, 2010( 

 

31.38 

400 

249

  

400 232 

165



12.66 

40.34

2491384-14 

 4-15 

  

4-14 : 

  
4-15:   

  

435

365
400

196

269
232

0
50

100
150
200
250
300
350
400
450
500

313

184

249

141 136 138

0

50

100

150

200

250

300

350

166



4-4-7  

802 

  

4-10 

2018.   

4-10
2018)

2.26    12 5 12 56  
2.03    9   34  
2.08     9 6 20 80  
3.68  18.2  31 20 20 135  
3.32     20 20   70   
2.46    66 20 18 280  
3.50    20 17  30  
3.04    12 5   27   
2.65    8 2.5 10  30   
3.00 2.5  2.5  10 2.5  30  
4.53   2.5 6 2.4  14  
2.56     6 2   16    
2.80 2.5 18.2 5 209 46.5 80 802

  

 

       

    

167



89.92 364 

 

2.8

426

.         

  

 .   

    

426198

364 170

48.3 /53.7

  

168



 4 -16  

4 -17 

  

4-16 :  

  
4-2:   

  

317 333
297

384 380

295

563

371
340 354

394

334
364

144 156 135
180 184

132

280

171 153 173 182
151 170

0

100

200

300

400

500

600

/

468

547

476

348
382 399

536

406
428

394

290

435 426

212
256

217

163
185 179

267

187 192 192

134

197 198

0

100

200

300

400

500

600

%

 

169



4-4-8

 137 

292 4 -11 

2018 

4-112018 

5.29 9.7 28 
 

60 16 90 137 

7.62 50 64 40 170 40 40 292 

6.87 59.7 92 40 230 56 130 429

            -   

  2017 

   

40.97 312 

173

  

170



  

 

2018   

173134

312 173 

 5.47 

13.37   

4-18 

 4-19   

4-18

374

250

312

253 250 251

0

50

100

150

200

250

300

350

400

171



4-19:   

  

4-4-9  

         736 

4-12 

2018 

4-12 : 2018   

 

  

 

   

    

5.59 1.3  40 37 318 32.4 80 466  

6.79  30  37 188 14 142.5 270  

6.03 1.3 30 40 74 506 46.4 222.5 736    

  

236

109

173
159

109

134

0

50

100

150

200

250

%

172



 8 

10     

2018  

 10 

 

91736  

   

 466 

237

  

  

 

  

237110466 204 

 

173



56.17

  

4 -20 

 4 -21 

  

4-20 : 

  
4-21:   

  
  

417

514
466

182
226 204

0

100

200

300

400

500

600

249
225

237

109 111 110

0

50

100

150

200

250

300

174



4-4-10  

380  

4-13    2018. 

4-13  2018   

     

 

  

2.9 2.6 2.6 10  
2.8 36.5 15.7 120  

1.14 5.6 3.3 220  
1.8  3.2 20  
1.8  1.6 10  

1.77 44.7 26.45 380   
        -   

 

33.2   294 

  

1.7

496

.             

  

 .   

175



294 139 

16.13 

54.61

496232  .4 -22 

  

4 -23   

4-22 : 

  
4-23:   

  

365
327

225

277 277 294

176
150

100
133 133 139

0

50

100

150

200

250

300

350

400

413 386

657

513 513 496

199 177

292
247 247 232

0

100

200

300

400

500

600

700

176



4 -4 -11  

  769 /

 2-14 

 2018  

 4-14  
  2018   

 

  

   

   

4.15   35 22.4 14 22.5 97  
5.98    37.5 12 15 80.5  
1.66 3   10 7  90.5  
1.78 3   26.1 10  160  

1 2      52  
6.08  16.4  32 16 7 58  
10.35    81 21.7 48.2 100  
4.60 10.7 22.8 34 32.7 16.5 14 131  
4.37 18.7 39.2 69 241.8 97.2 106.7 769  

90.3 359  

 

352

  

  

 

 . 

177



352174359 181 

 

  4 -24 

4 -25 

  

4-24 :  

  

4-25:   

218

532 514

713

283

148 143

352

124 99

243 231

314

134 108
143

174

0

100

200

300

400

500

700

800

 

178



4-4-12

90 .4-15 

  2018   

4-152018  

4.41  5.5  4.35 17.3 10.9 21.5 90.4  

             -   

 

130 

     

10.8 362 

274  

 

274

179



127362 168 

 

 

  -26 

-  

4-26  :- 
 

  

4-4-13  

   

   

"" " "  

  -16 

2018   

  

  

  

362

269

127

0

50

100

150

200

250

300

350

180



4-16 : 2018   
   

 
  

 

 
  

2.56 10.5 1.9 25   
1  0 15  

1.96  12  8  100  
1.96  22.5 9.9 140  

            -   

 

20 

150 .  

13.69 292 

 

 

1.96

586% .              

  

181



586245

292 126 

 

 

4-27 

4-28  

  

4-27:   

  
4-28 : 

246

294 292

148

94
126

0

50

100

150

200

250

400

820

500
586

228 245

0

100

200

400

500

600

700

800

900

182



4-4-14  :  

"" 

"" 303  4 -17 

2018.   

4-17 :  
  2018   

  

    

 

  

 
 

 
  

    

2.56 10     22 16  106    

7.69 17 42 75 66.4 28 18 96.8 197  

5.9 15 42 75 66.4 50 34 96.8 303    

  

 "" 2017 

116 197 

.  

31.54 

321 

286% 

  

  

  

183



286168

 321 230 

 

 4-29 

4-30 

   

4-29

4-30

338
303 321

157

303

230

0

50

100

150

200

250

300

350

400

440

131

286

204

131
168

0
50

100
150
200
250
300
350
400
450
500

184



4-4-15 :  

"" 

27 "" 128  

 4 -18 

2018  

 4-18 :  2018    

      

 
  

  

 
  

3.62  5   5.6 2.8 7.4 26  
6.75    36 55 21.8 37.4 128.7  

6.22  5  36 60.6 24.6 155 155    

      -   

  

 

 16.48 

346 

 

252.  

  

252153

185



346  195 

5.20 31.53

 4-31 

4-32 

  

4-31 :  

  
4-32:   

  

  

380

311
346

157

234
195

0

50

100

150

200

250

300

350

400

/

350

154

252

204

101

153

0

50

100

150

200

250

300

350

400

186



4-4-16  

""25 

 4 - 19  

2018  

4-19 2018   

  

 
  

  

 
  

 6 6 2 25  

            -   

3 

364 

433

    

  

 

433208

364 175   

  4-33 

-   

187



4-33 :  

  

4-4-16  

130 

10  4-20 

2018.  

4-20 :2018   

 
 

    

  

 
 

1.60   12 10.5 130    

2.25   2.5  10  

1.65   14.5 10.5 140  

                   -   

12.11 285 

439

 .     

364

433

175
208

0

100

200

300

400

500

188



439210

285 138 

6.45 

53.29

 4 -34 

4 -35 

  

4-34:

4-35

258

312
285

120
156 138

0

50

100

150

200

250

300

350

/

516

361

439

239
180

210

0

100

200

300

400

500

600

189



 

 

 

  

 

 

 

 

 

 
 

 

 

190



 

 

 

 

 

   

 
 .  

 

 

191



 

192



ABSTRACT 
 

IMPROVING ENERGY EFICIENCY IN THE  
PETROLEUM REFINERIES IN ARAB COUNTRIES 

Interest in improving energy efficiency in the industrial sector is increasing 
around the world, especially in petroleum refining, which is known as one of 
the most energy intensive industry, because large quantities of petroleum 
refined products, natural gas, refinery gases and electric power are used as 
energy input in various equipment and processes.  
The objective of this study is to examine the energy efficiency potential in 
petroleum refining industry. This is done through trying to understand what 
drives energy efficiency and to recognize barriers which challenge 
improvement. To meet this objective, the study answers the following 
questions: 

Where is energy used in the petroleum refinery? 
What are the main opportunities for improving energy efficiency in the 
petroleum refineries? 
What is the current status of energy efficiency in Arab petroleum 
refineries? 
What are the barriers and drivers to energy efficiency improvement? 
What is the potential for energy efficiency improvement in Arab 
refineries and where do Arab refineries stand in comparison to refineries 
worldwide? 

The study highlights the importance and the opportunities of energy 
conservation in the refining industry which include heat integrations, process 
optimizations, furnace upgrading and maximization of the efficiency of power 
generation and cogeneration, optimization of fuel systems, reduction of flaring, 
minimizing steam and fuel leaks, improvement in insulation material and 
thickness. Energy efficiency can also be improved through the application of 
new technology that yields a lower input/output ratio, using the same fuel, 
improving maintenance programs, and using advanced process control. 
An energy management standard creates a foundation for improvement and 
provides guidance for managing energy throughout an organization. A 
successful program in energy management begins with a strong organizational 
commitment to continuous improvement of energy efficiency. This typically 
involves establishing an energy policy, and creating a cross-functional energy 
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team. Steps and procedures are then put in place to assess performance through 
regular reviews of energy data, technical assessments, and benchmarking.  
This study includes case studies from Arab refineries and around the world 
with specific energy and cost savings data. The actual payback period and 
energy savings for individual refineries will vary, depending on plant 
configuration, size, location, and operating characteristics. Hence, the values 
presented in this study are offered as guidelines.  
The study concludes that the introduction of modern technologies to improve 
energy efficiency in the Arab petroleum refineries could contribute to reducing 
energy consumption from 986 trillion BTU per year to 636 BTU per year. The 
savings amount to about 350 trillion BTU per year, equivalent to 61.19 million 
barrels of oil equivalent per year at a total value of US $ 3.059 billion per year 
based on the price of US $ 50 per barrel. 
The study also offers some recommendations for improving energy efficiency 
in Arab petroleum refineries, such as, establishing an improved energy 
information database for communication between refineries and energy 
specialists, is an important goal to improving energy efficiency in refineries. 
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