':.0 The Catalyst Group Resources, Inc.

A MULTI-CLIENT STUDY SERIES

The Catalytic Process Industries in China:
Markets, Technologies & Strategic Implications

“Segment” Report — Refining Catalysts

CONTENTS

I, INTRODUCTION ...ttt e st e et e e et e e e s be e e snbe e e snbeeesnbeeeans 1
[l EXECUTIVE SUMMARY ..ottt sttt 3
A. The Energy Environment in ChiNa.........ccccoiiiiiiiiiieieeseee s 3

B. Alternative Fuels and Routes to Chemicals...........cccooviiiiiniiininiiee e 5

C. The International Refining Catalyst Market and PRC’s Role Within It ................... 8

D. Refining Catalyst MarketsS..........ccccveieiieieiieiie e 9

I1l. THE REFINING CATALYST INDUSTRY IN CHINA........ccoiieieecee e 23
AL GENEIAL .ttt 23
1. Introduction to the Oil Refining Industry in China ..........cccooiiiiiiinienicie e 23

2. Introduction to Oil Refining Catalysts in China...........ccccccevviiiiiiiviiicseese e 28

B.  INAUSEIIAL STTUCTUIE ...t et 29
L. PTOGUCETS ...ttt bbb bbb bbbt bttt ettt nas 30

2. RESEAICN INSHITULES......eiitieieiie et 33

C. Analysis of the Market Supply/Demand Balance..........c.ccccocevveviinieene e 34
1. Production of Oil Refining Catalysts in ChiNa............ccoociiiiiiiiiiiie e 34

2. Consumption of Oil Refining Catalysts in China...........c.ccoccviviviiivieiesicse e 38

3. Analysis of the Market Supply/Demand Balance of Oil Refining Catalysts ........... 39

D. Price Changes and AffeCting FaCtOrS ..........cccvviueiieieiiere e 41

1. Price Changes of Refining Catalysts .........ccooiiiiiiiiiiie e 41

2. Factors Affecting Price Changes .........covveieiieieiiesesie sttt 42

The Catalyst Group Resources, Inc., P.O. Box 680 Spring House, PA 19477, Phone: (215) 628-4447,
Fax: (215) 628-2267, E-mail: tcg@catalystgrp.com, Website: www.catalystgrp.com




E. Market Growth and AffeCting FaCtOrS .........ccoceiieiiiiiiieie e 43
1. MAarKet GrOWEN .....ocveiiiiicice bbb 43
2. ATTECHING FACIOIS ...t ettt 44
e [ 4] 10T =T [0 = q oo S TOSSRRR 47
1. Imports of Oil Refining CatalystS..........ccooiiiriiiiiiii s 47
2. Exports of Oil Refining Catalysts ..........ccceiviiiiiieeiiiie e 47
G. Technologies of Oil Refining Catalysts ..........ccooveiiiiiiee e 48
1. Relatively Mature TeChNOIOQIES. .......ccoveiieiieeiesiese e 48
2. Relatively New TeChNOIOGIES.......ccuciiiiiiiieiieieee e 53
IV. ISSUES AND CONCERNS IN THE CHINESE ENERGY AND REFINING
CATALYST INDUSTRY oottt sttt st s are et e e anaa e e snaaeesnaee e e S7
A, The ENergy INQUSTIY ......cooviiieiiee ettt nre e 57
B. Rapidly Evolving Laws and Regulations ...........ccoccoveeinniieiese e 58
C.  The Catalyst INQUSTIY........oiieiecie e re e 59
V. OPPORTUNITIES AND THREATS TO THE CURRENT SITUATION IN THE
CHINESE REFINING CATALYST INDUSTRY ...octiiieiiiieeseseeese st 63
A. Limited Restriction to Foreign PartiCipation............ccooveveieeneiieeneene e 63
B. Changing Energy and Fuel REQUIFEMENTS..........cevveiieiierreie e 65
C.  FULUIE R&D NEEUS.......eeiiiiie ettt sttt 65
D. Alternative Fuels and Related Catalyst Needs ..........cccccevverieiieeiesiiesieese e 65
VI. STRATEGIES AND RECOMMENDATIONS. ...t 69
A. Strategies from an International Perspective..........cccevvvieieeiesieese e 71
B. Recommendations from an International Perspective...........ccccvvvviiieiiiinnennienn 72

The Catalyst Group Resources, Inc., P.O. Box 680 Spring House, PA 19477, Phone: (215) 628-4447,
Fax: (215) 628-2267, E-mail: tcg@catalystgrp.com, Website: www.catalystgrp.com



TABLES

Table I1-1 Oil Supply and Demand in China in 2000 and 2001...........ccccceveveiiieniieiiie e, 4
Table 11-2 Changes in Refining Capacity 2003 VS. 2001 ........cccocvieiveiieiiieir e 9
Table 11-3 Regional Look at Worldwide Refining Operations 2003...........cccccooveiiniieiienieninnn 9
Table 11-4 Global Refinery Catalyst Market............ccooovveiiiieiiiesese e 11
Table 11-5 Production of Oil Refining Catalysts in China..........c.ccoooeiiiiiiniineceeec e 14
Table 11-6 Production of Major Oil Refining Catalyst Producers in China ...........ccccccceevvennee. 15
Table 111-1 Number of Refineries in China and Their Capacity Distribution ...............cc......... 22
Table 111-2 Capacity of Major Crude Oil Processing Enterprises in China............cccccccevevunenee. 23
Table 111-3 Composition of the Major Process Units in Oil Refining Enterprises in China.... 26
Table 111-4 Capacity of the Oil Refining Catalyst Sector in China.........c.cccceeeveeevieeiviiiesnenne. 28
Table 111-5 Major Oil Refining Catalyst Varieties in China...........cccoeveiiiinniieneeiese e, 29
Table 111-6 Major Oil Refining Catalyst Producers in China...........cccocveveviieieeicsiiene e 31
Table I11-7 Major Oil Refining Catalyst Producers in China and Their Contact Methods ...... 33
Table 111-8 Research Institutes Engaged in Oil Refining Catalyst Research in China............. 34
Table 111-9 Production of Oil Refining Catalysts in China ..........ccccoiviiiiiniinieeeee s 35
Table 111-10 Production of Major Oil Refining Catalyst Producers in China............cccccceue.... 37
Table 111-11 Analysis of the Market Supply/Demand Balance of Oil Refining Catalysts in China
.......................................................................................................................................... 40
Table 111-12 Catalyst Efficiency in Refining Industry in China..........ccccccovvviiiinenicneneee, 41
Table 111-13 Price Changes of Oil Refining Catalysts in China............cccccoeveviviieiieeie e, 42
Table 111-14 Demand Projection for Oil Refining Catalysts in China............cccooceveveiininennn. 43
Table 111-15 Comparison of Gasoline Specifications between China and Europe................... 46
Table 111-16 Comparison of Diesel Specifications between China and Europe...........c........... 46
Table 111-17 Imports and Exports of Oil Refining Catalysts in China in 2003.............c.c.c....... 48
Table 111-18 Physical and Chemical Properties of RN-10 Catalyst.........ccccccoooviviinieninnnenn. 50
Table 111-19 Physical and Chemical Properties of Continuous Reforming Catalysts.............. 52
Table IV-1 Oil Supply and Demand in China in 2000 and 2001..........cccccovevievieiieevee s, 61
Table V-1 Capacity Expansion of Oil Refining Catalysts in China ...........cccccceevveveiveresnenee. 64
Table VI-1 Chinese ECONOMIC SUMMAIY ........uiiiiiiiieiiiie et sneas 70

The Catalyst Group Resources, Inc., P.O. Box 680 Spring House, PA 19477, Phone: (215) 628-4447,
Fax: (215) 628-2267, E-mail: tcg@catalystgrp.com, Website: www.catalystgrp.com



FIGURES

Figure 11-1 PRC’S €0l RESOUICES.......ccveiiieiieiesieesieeiesieesiesee st e e e saaeae e esaeaneesraesnesneesseeneeans 7
Figure 11-2 DME Provides @ Unique SOIULION .......ccvoueiieiieicseee s 7
Figure 11-3 Global Refinery Catalyst Market...........cccooviveieieeiniie e 10
Figure 11-4 Refinery Catalyst Market - % Total Global.............cc.cccoooiviiieiic e 11
Figure 11-5 Composition of the Capacity of Oil Refining Catalysts in 2003...........c.cccccvervee. 14
Figure 11-6 Composition of the Output of Oil Refining Catalysts in 2003.............cccccevvenenee. 15
Figure 11-7 Market Shares Held by Major Oil Refining Catalyst Producers in China.............. 16
Figure 11-8 Consumption Composition of Oil Refining Catalysts in China in 2003................ 16
Figure 111-1 Administrative Affiliation of Oil Refining Catalyst Producers and Research
INSTITULES 1N CRINA ....eiiiicce bbb 30
Figure 111-2 Composition of the Capacity of Oil Refining Catalysts in 2003.............c...coceveene. 36
Figure 111-3 Composition of the Output of Oil Refining Catalysts in 2003............c.cccceevenenee. 36
Figure 111-4 Market Shares Held by Major Oil Refining Catalyst Producers in China............. 37
Figure 111-5 Consumption Composition of Oil Refining Catalysts in China in 2003............... 39
Figure 111-6 Demand Changes for Crude Oil in China .........ccccovvviiiiiiesin e 44
Figure VI-1 PRC Principal Onshore Oilfields.........ccccovoeiiiiiiieciec e 69

The Catalyst Group Resources, Inc., P.O. Box 680 Spring House, PA 19477, Phone: (215) 628-4447,
Fax: (215) 628-2267, E-mail: tcg@catalystgrp.com, Website: www.catalystgrp.com




