Chapter 1
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Chapter 3
Fig.
Chapter 4
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.
Fig.

11
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10

1.11
1.12

3.1

4.1
4.2

4.3
4.4
4.5
4.6
4.7
4.8

4.9

4.10

411
412

LIST OF FIGURES

Stages of Solar PV's Life Cycle

Working of Solar Cell

Types of Solar Cell

Market Share of PV Panels

Three Tier Approach to Estimate Solar PV Panel Waste
Solar PV Installations from 2015-2050

PV Panel Waste Model

PV Waste from 2016-2050 in North America Region
PV Waste from 2016-2050 in Middle East Region

PV Waste from 2016-2050 in Latin America & Carrabian
Region

Methodology of Research Work

Methodology for Policy Framework

Outline of Life Cycle Assessment

Intrinsic % c-Si Component Proportion
Mechanical Method

Thermal Method

Chemical Method

System Boundary in Recycling

Centralized & Decentralized Recycling Scenario

PV Recycling Process for c-Si Module

CdTe Recycling Module Process of First Solar Recycling
Company

CdTe Recycling Process of ANTEC Solar GmbH Recycling

Process

PV Recycling Process for Si Module of Solar World
PV Recycling Process for Si Module of NEDO

Hot Knife Recycling Process for c-Si Module

© 00 0O N OO O O w N DN

13
14

44

53
54

54
55
59
60
63
63



Fig.
Fig.
Fig.
Chapter 5
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.
Fig.
Chapter 6
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.
Fig.

4.13
4.14
4.15

5.1
5.2

5.3

5.6

5.7
5.8

5.9
5.10

6.1
6.2
6.3
6.4
6.5

6.6

6.7

6.8
6.9

Loser Chemie Recycling Process of Different PV Modules 64

Emission & Transport Scheme 71
Effects on Health Due to Solar Photovoltaic Materials 72
BSDU 160 kW Grid Connected Solar Power Plant 81
End Life Cost Analysis of 160 kW Grid Connected Solar 86

Power Plant at BSDU
Mass Fraction of the PV Module in 1 Ton of Crystalline Si PV 86
Module

Mass Fraction in Panels of BSDU 160 kW Solar Rooftop 87
Plant

Recovered Mass from Panels of 160 kW Grid Connected Plant 88
in BSDU

Recovered Amount of Material from Panels of 160 kW Grid 88
Connected Plant in BSDU

End Life Liabilities 91
Schemes to Tackle Cost Breakup for PV End Life 92
Management

Various Approaches to Tackle PV Waste 94

Outline of Proposed Solar PV Recycling for Indian Scenario 95

Attributes for the Management of the Waste Across the World 101

Fundamental Obligation for WEEE Legislatives 102
Principles to Focus on Extended Producer Responsibility 112
Fate of Solar PV Modules at their End of Life 118

Overall Indian Management Approach of Waste Solar PV 119
Modules
Drivers Responsible for EoL Management of PV Modules by 120

Relative Framework

Proposed Solar Recycling Policy for Indian Scenario 123
Committees to Tackle End Life Management 133
VVCR Analysis: Indian Solar PV Waste Management 135

Regulatory Framework.

Xi



LIST OF TABLES

Chapter 2
Table 2.1 Comparison of Photovoltaic Materials 34
Chapter 4
Table 4.1 Intrinsic CIGS & CdTe Component Proportion 53

Table 4.2 Comparative Analysis of the Thermal, Chemical and 55
Mechanical Method

Table 4.3 Silicon Solar Modules Recycling Processes 56

Table 4.4 Thin Film Solar Modules Recycling Processes 57

Table 4.5 Potential Toxicity of Materials Utilized in Solar 67
Photovoltaic Panels

Chapter 5

Table 5.1 Mechanical Properties of 320-Watt Anchor Panasonic 82
Solar Panel

Table 5.2 Input & Output Side Technical Data of the ABB 83
Inverter

Table 5.3 Data for 160 kW BSDU Solar Photovoltaic Plant 83

Table 5.4 PV Watts Monthly PV Performance Data of BSDU 84
Plant

Table 5.5 Actual Monthly Data from 160 kW BSDU Solar 85
Photovoltaic Plant

Table 5.6 Material Composition after Recycling 89

Table 5.7 Composite Material Costing after Recycling 89

Table 5.8 Transportation Expense of Solar Panels at their EoLto 90
the Supplier

Chapter 6

Table 6.1 Waste Codes Relevant to PV Panels from the EU Waste 100
List

Table 6.2 Solar PV EoL Management Strategies across the Globe 108

Xii



