DRAGON CAPITAL

SEPARATOR MATERIAL

Industry Research Report

Author: Brendan Jephcott
Date: November 2024



Table of Contents

DRAGON CAPITAL

Executive Summary 2
1.0 Introduction 10
1.1 Lithium-lon Battery Technology 10
1.2 Design Principles for Separators 14
13 Separator Industry Chain 16
2.0 Separator Properties 17
21 Thickness 19
22 Pore Size 19
23 Porosity 19
2.4 Permeability 20
25 Wettability. 20
2.6 lonic Conductivity 20
2.7 Tensile Strength and Puncture Strength 21
2.8 Dimensional Stability 21
2.9 Chemical Stability 21
210 Electrochemical Stability 21
21 Thermal Stability 22
212 Shutdown Temperature 22
3.0 Principal Production Process 23
31 Dry Processing Method 23
32 Wet Processing Method 25
33 Comparison between Dry and Wet Processing Methods 27
331 Processing Method Comparison 28
332 Product Performance Comparison 29

3.4 Separator Coating 31
3.4 Separator Coating Properties 31
3.4.2 Separator Coating Materials 31
3.43 Separator Coating Processing Method 35

35 Slitting 37
3.6 Cash Cost Analysis (1USD ~ 7 CNY) 37
4.0 Commercialisation 43
4. Competitive Landscape 43
4.2 Separator Material Sales in China 46
4.3 Global Planned Production Capacity Expansions 48
4.4 Barriers to Entry 51
45  Prices (1USD ~ 7CNY) 55
4.6 Market Size Potential 58
5.0 SEMCORP 59

Address: 4" Floor, 9 Queen’s
Road Central, Central,
Hong Kong, China

Phone: +852 4647 0122
Email: brendan@goldendragoncapital.com
Website: www.goldendragoncapital.com



DRAGON CAPITAL

5.1 Corporate Overview 59
52 Separator Business 60
5.21 Production Bases in China 61
522 Overseas Investments 68
523 Separator Products 72
53 Research & Development 77
5.4 Customers 77
55 Financials (1 USD ~ 7 CNY) 80
6.0 Asahi Kasei Corporation 83
6.1 Corporate Overview 83
6.2 Separator Business 84
6.2.1 Production Bases 84
6.2.2 Overseas Investments 84
6.2.3 Separator Products 85
7.0 SK IE Technology 20
7.1 Corporate Overview 90
7.2 Separator Business 91
7.21 Production Bases 91
7.23 Separator Products 92
References 926
Disclaimer 29
Address: 4™ Floor, 9 Queen'’s Phone: +852 4647 0122
Road Central, Central, Email: brendan@goldendragoncapital.com

Hong Kong, China Website: www.goldendragoncapital.com



DRAGON CAPITAL

Figures

Figure 1. Parts of a lithium-ion battery 10
Figure 2: Charging and discharging of a lithium-ion battery n
Figure 3: Working principle of a lithium-ion battery showing a separator in the middle 13
Figure 4: Schematics of inner structures of commercial lithium-ion batteries. 13
Figure 5: Design principles for rechargeable battery separators 15
Figure 6: Lithium-ion battery separator industry chain 16
Figure 7: Separator insulating film material used in lithium-ion batteries 16
Figure 8: Lithium-ion battery cash cost distribution 17
Figure 9: Lithium-ion battery mass distribution 17
Figure 10: Important performance properties of separators 18
Figure 11: Separator dry processing method 25
Figure 12: Pore structures of a dry separator (uniaxial stretching, left) (biaxial stretching, right) .....ccccecceveuenuuee. 25
Figure 13: Separator wet processing method 27
Figure 14: Pore structure of a wet separator 27
Figure 15: (a) Surface and (b) cross-sectional scanning electron micrographs of a Celgard 2325 PP-PE-PP
separator 30
Figure 16: Celgard membrane coated with 2 to 5pum thickness ceramic layers 32
Figure 17: Coated separator principal processing flowsheet 35
Figure 18: Schematic diagram of gravure roller coating process 36
Figure 19: Schematic diagram of narrow-slit extrusion coating process 36
Figure 20: Separator slitting 37
Figure 21: Separator cash cost distribution (2023) 38
Figure 22: Separator raw material cost distribution (2023) 38
Figure 23: Price of polypropylene powder from 2020 to Oct 2022 (CNY per tonne) 39
Figure 24: Price of polyethylene powder from 2020 to Oct 2022 (CNY per tonne) 39
Figure 25: Distribution cash cost of a coated separator 40
Figure 26: Changes in separator production costs for Semcorp (CNY/sqm) 41
Figure 27: Global separator competitive landscape (2023) 44
Figure 28: China separator competitive landscape (2022) 45
Figure 29: China wet separator competitive landscape (2022) 45
Figure 30: China dry separator competitive landscape (2022) 46
Figure 31: China lithium-ion battery separator production (2017 to 2023) 46
Figure 32: China wet and dry separator shipments market share (2014 to 2022) 47
Figure 33: China wet and dry battery separator market share (2022) 47
Figure 34: China Battery Separator Planned Production Capacity (2021E to 2024E) 49
Figure 35: Lithium-ion battery component material fixed asset share 53
Figure 36: Separator material market prices from 2021 to 2024 (unit: CNY/sgm) 56
Figure 37: Prices of mainstream separator products (July 2022 to December 2022) 57
Figure 38: Prices of major coated separators (July 2022 to December 2022) 57
Figure 39: Global separator demand forecast (2020 to 2026E) 58
Figure 40: Shanghai Energy New Materials Technology Co., Ltd production base 61
Figure 41: Zhuhai Energy New Material Technology Co., Ltd production base 61
Figure 42: Zhuhai Energy New Material Technology Co., Ltd aerial view of production base..........enn. 62
Figure 43: Wuxi Energy New Material Technology Co., Ltd aerial view of production base... .62
Figure 44: Jiangxi Tongrui New Energy Technology Development Co. Ltd production base..........n. 63
Figure 45: Suzhou Jieli New Energy Material Co., Ltd aerial view of production base 64
Figure 46: Chongqing Energy New Materials Technology Co., Ltd aerial view of production base................. 65

Figure 47: Jiangsu Energy New Materials Technology Co., Ltd aerial view of production base...........
Figure 48: Hubei Energy New Materials Technology Co., Ltd aerial view of production base.......
Figure 49: Jiangsu Sanhe Battery Material Technology Co., Ltd aerial view of production base
Figure 50: Semcorp Hungary Kft Phase 1 production base

Figure 51: Semcorp Hungary Kft first coating production line, the coated diaphragm is off the line............... 69
Figure 52: Semcorp separator production workshop 71
Address: 4™ Floor, 9 Queen'’s Phone: +852 4647 0122
Road Central, Central, Email: brendan@goldendragoncapital.com

Hong Kong, China Website: www.goldendragoncapital.com



DRAGON CAPITAL

Figure 53: Semcorp blow molding film forming process production line 74
Figure 54: Semcorp schematic diagram of high-porosity structure 75
Figure 55: Semcorp PMMA separator SEM image 76
Figure 56: Semcorp PMMA mixed coating diaphragm product 76
Figure 57: Semcorp High-safety aramid coated film 77
Figure 58: Semcorp Changes in the total sales amount of the top five customers 79
Figure 59: Semcorp Overseas revenue (billion CNY, %) 79
Figure 60: Semcorp Overseas gross profit (billion CNY, %) 79
Figure 61: Semcorp — Operating income (2018 to 2024-Q]l) 80
Figure 62: Semcorp — Net profit attributable to shareholders from (2018 to Q1-2024) 81
Figure 63: Semcorp — Profit margins (2018 to 2024Q]) 82
Figure 64: Gross profit margins of comparable companies 82
Figure 65: Asahi Kasei Corporation headquarters Tokyo, Japan 83
Figure 66: Asahi Kasei Honda Battery Separator Corporation investment in North AmMerica .....ocecesecnnenne 85
Figure 67: Asahi Kasei Hipore shipment volume 86
Figure 68: Celgard separator development history 86
Figure 69: Celgard dry process microporous membranes 87
Figure 70: Celgard separators: Thickness vs. Gurley 88
Figure 71: Celgard Separator Technology Solutions for Electric Drive Vehicles 89
Figure 72: Celgard H-Series and S-Series Trilayer Products 89
Figure 73: Celgard ceramic coated separators 920
Figure 74: SKIET lithium-ion battery separator Jeungpyeong plant in Korea 91
Figure 75: SKIET lithium-ion battery separator plant in Changzhou, China 92
Figure 76: SKIET lithium-ion battery separator plant in Poland 92
Figure 77: SKIET separator value chain 93
Figure 78: An employee of SKIET inspects separator film being produced at the Korea factory .......eeeeee 93
Figure 79: SKIET lithium-ion battery separator products 93
Figure 80: An employee of SKIET inspects separator film produced at the Poland factory ... 94
Figure 81: SKIET Base film separator technical features 94
Figure 82: SKIET Coating layer technology 95
Figure 83: SKIET Ceramic Coated Separator technical features 95
Address: 4" Floor, 9 Queen's Phone: +852 4647 0122
Road Central, Central, Email: brendan@goldendragoncapital.com

Hong Kong, China Website: www.goldendragoncapital.com



DRAGON CAPITAL

Tables

Table 1: Requirements for lithium-ion battery separators 18
Table 2: Summary of lithium-ion battery separator performance requirements 23
Table 3: Dry uniaxial stretching process flowsheet 24
Table 4: Wet biaxial asynchronous stretching process flowsheet 26
Table 5: Comparison between dry and wet processing methods 28
Table 6: Performance comparison of dry and wet separators 30
Table 7: Key performance indicators for separator coating materials 31
Table 8: Coating patents of related separator companies 32
Table 9: Mainstream separator coating material characteristics 33
Table 10: Comparison of different separator coating materials 33
Table 11: Comparison of Shanghai Putailai New Energy Technology Co., Ltd coated separator products....34
Table 12: Coating modification processing method comparison 37
Table 13: Production cash cost, expenses and profit in 2021 (CNY per sgm) 40
Table 14: Changes in raw material purchase prices 41
Table 15: Wet separator costs under different production line widths and machine speeds (CNY/sgm)........ 42
Table 16: Costs for orders under different production line capacity utilisation rates (CNY/sgm) ......ccec.cemmeeeven. 42
Table 17: Global separator planned production capacity 2021E to 2024E (billion sqm) 48
Table 18: China separator companies — Planned production capacity expansions (as of February 2024)...49
Table 19: Global separator equipment supplies and relationships with Chinese manufacturers..........o.... 52
Table 20: Chinese separator equipment companies 52
Table 21: Shenzhen Senior Technology Material Production Equipment Investment 53
Table 22: Global separator companies and their related customers (2022) 55
Table 23: Semcorp — Planned production capacity expansions (2019 to 2025E) 70
Table 24: Semcorp — Separator product portfolio 72
Table 25: Comparison of yield rates of separator companies 73
Table 26: Semcorp Large-scale orders since 2021 78
Table 27: Investment and production status of SKIET battery separator plants 91
Address: 4" Floor, 9 Queen's Phone: +852 4647 0122
Road Central, Central, Email: brendan@goldendragoncapital.com

Hong Kong, China Website: www.goldendragoncapital.com



