ReaderTT.config = {"pagecount":120,"title":"","author":"","subject":"","keywords":"","creator":"PDF-XChange Office Addin","producer":"PDF-XChange 4.0.201.0 (Windows Seven Ultimate x64 Service Pack 1 (Build 7601))","creationdate":"D:20131213102013+01'00'","moddate":"D:20131217142621+01'00'","trapped":"","fileName":"document.pdf","bounds":[[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[1286,909],[1286,909],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[1286,909],[1286,909],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[1286,909],[1286,909],[1286,909],[909,1286],[909,1286],[909,1286]],"bookmarks":[{"title":"1 Introduction","page":13,"zoom":"XYZ 184 50060 0","children":[{"title":"1.1 Motivation and aim","page":13,"zoom":"XYZ 194 50060 0"},{"title":"1.2 Research approach and thesis structure","page":14,"zoom":"XYZ 152 50060 0"},{"title":"1.3 Methodology \u201clife-cycle flows of critical materials\u201d","page":16,"zoom":"XYZ 152 50060 0"}]},{"title":"2 Composition of hetero-junction solar cells and criticality of applied materials","page":19,"zoom":"XYZ 184 50060 0","children":[{"title":"2.1 Composition of the absorber of hetero-junction solar cells","page":19,"zoom":"XYZ 194 50060 0"},{"title":"2.2 Criticality of absorber materials","page":20,"zoom":"XYZ 152 50060 0"},{"title":"2.3 Fact sheets","page":23,"zoom":"XYZ 194 50060 0","children":[{"title":"2.3.1 Indium (In)","page":23,"zoom":"XYZ 206 50060 0"},{"title":"2.3.2 Gallium (Ga)","page":25,"zoom":"XYZ 206 50060 0"},{"title":"2.3.3 Tellurium (Te)","page":27,"zoom":"XYZ 206 50060 0"},{"title":"2.3.4 Cadmium (Cd) and environmental and health risks of cadmium telluride in PV modules","page":30,"zoom":"XYZ 163 50060 0"}]},{"title":"2.4 Possible restrictions to the development of the CdTe and CIGS-PV market due to the availability of critical absorber materials","page":31,"zoom":"XYZ 194 50060 0"},{"title":"2.5 Résumé","page":33,"zoom":"XYZ 194 50060 0"}]},{"title":"3 Recycling paths for thin-film chalcogenide photovoltaic waste","page":35,"zoom":"XYZ 184 50060 0","children":[{"title":"3.1 Introduction","page":35,"zoom":"XYZ 194 50060 0"},{"title":"3.2 Composition of chalcogenide photovoltaic modules","page":35,"zoom":"XYZ 194 50060 0"},{"title":"3.3 Recycling paths","page":37,"zoom":"XYZ 194 50060 0","children":[{"title":"3.3.1 Delamination","page":39,"zoom":"XYZ 206 50060 0"},{"title":"3.3.2 Decoating and separation of non-metallic fractions from metal compound","page":41,"zoom":"XYZ 206 50060 0"},{"title":"3.3.3 Metal extraction and refining","page":44,"zoom":"XYZ 163 50060 0"}]},{"title":"3.4 Discussion","page":45,"zoom":"XYZ 194 50060 0","children":[{"title":"3.4.1 Processes","page":45,"zoom":"XYZ 206 50060 0"},{"title":"3.4.2 Economics","page":49,"zoom":"XYZ 206 50060 0"},{"title":"3.4.3 Environmental impact","page":49,"zoom":"XYZ 206 50060 0"}]},{"title":"3.5 Conclusion","page":50,"zoom":"XYZ 152 50060 0"}]},{"title":"4 Future recycling flows of tellurium from cadmium-telluride photovoltaic waste","page":52,"zoom":"XYZ 142 50060 0","children":[{"title":"4.1 Introduction","page":52,"zoom":"XYZ 152 50060 0"},{"title":"4.2 Research process and methods","page":53,"zoom":"XYZ 194 50060 0"},{"title":"4.3 Background data and scenario development","page":56,"zoom":"XYZ 152 50060 0","children":[{"title":"4.3.1 Produced area","page":57,"zoom":"XYZ 206 50060 0"},{"title":"4.3.2 Areal density","page":58,"zoom":"XYZ 163 50060 0"},{"title":"4.3.3 Material utilization","page":58,"zoom":"XYZ 163 50060 0"},{"title":"4.3.4 Overall equipment efficiency","page":60,"zoom":"XYZ 163 50060 0"},{"title":"4.3.5 Lifetime probability","page":60,"zoom":"XYZ 163 50060 0"},{"title":"4.3.6 Recycling and refining","page":62,"zoom":"XYZ 163 50060 0"},{"title":"4.3.7 Collection","page":62,"zoom":"XYZ 163 50060 0"},{"title":"4.3.8 Storylines","page":64,"zoom":"XYZ 163 50060 0"}]},{"title":"4.4 Results","page":64,"zoom":"XYZ 152 50060 0"},{"title":"4.5 Discussion","page":71,"zoom":"XYZ 194 50060 0"},{"title":"4.6 Conclusion","page":73,"zoom":"XYZ 194 50060 0"}]},{"title":"5 Estimation of life-cycle material costs of CdTe- and CIGS-PV","page":75,"zoom":"XYZ 184 50060 0","children":[{"title":"5.1 Introduction","page":75,"zoom":"XYZ 194 50060 0"},{"title":"5.2 Method","page":75,"zoom":"XYZ 194 50060 0"},{"title":"5.3 Background data and scenario development","page":77,"zoom":"XYZ 194 50060 0","children":[{"title":"5.3.1 Solar cell composition","page":77,"zoom":"XYZ 206 50060 0"},{"title":"5.3.2 Conversion efficiency","page":78,"zoom":"XYZ 163 50060 0"},{"title":"5.3.3 Layer thickness","page":78,"zoom":"XYZ 163 50060 0"},{"title":"5.3.4 Material deposition efficiency","page":78,"zoom":"XYZ 163 50060 0"},{"title":"5.3.5 Production scrap","page":80,"zoom":"XYZ 163 50060 0"},{"title":"5.3.6 Collection","page":80,"zoom":"XYZ 163 50060 0"},{"title":"5.3.7 Recycling of modules","page":81,"zoom":"XYZ 206 50060 0"},{"title":"5.3.8 Refining","page":81,"zoom":"XYZ 206 50060 0"},{"title":"5.3.9 Life-cycle costs for the materials","page":81,"zoom":"XYZ 206 50060 0"},{"title":"5.3.10 Scenarios for the material flow model","page":82,"zoom":"XYZ 163 50060 0"}]},{"title":"5.4 Results","page":84,"zoom":"XYZ 152 50060 0"},{"title":"5.5 Discussion","page":87,"zoom":"XYZ 194 50060 0"},{"title":"5.6 Conclusion","page":88,"zoom":"XYZ 152 50060 0"}]},{"title":"6 Summary, discussion, conclusion and future prospects","page":89,"zoom":"XYZ 184 50060 0","children":[{"title":"6.1 Summary","page":89,"zoom":"XYZ 194 50060 0"},{"title":"6.2 Discussion and conclusion","page":92,"zoom":"XYZ 152 50060 0","children":[{"title":"6.2.1 Production and use","page":92,"zoom":"XYZ 163 50060 0"},{"title":"6.2.2 End-of-life flows and collection","page":94,"zoom":"XYZ 163 50060 0"},{"title":"6.2.3 Recycling","page":95,"zoom":"XYZ 206 50060 0"}]},{"title":"6.3 Future prospects","page":98,"zoom":"XYZ 152 50060 0"}]},{"title":"References","page":100,"zoom":"XYZ 108 50060 0"},{"title":"A Appendix","page":111,"zoom":"XYZ 184 50060 0","children":[{"title":"A.1 Interview partner","page":111,"zoom":"XYZ 194 50060 0"},{"title":"A.2 Questionnaire","page":113,"zoom":"XYZ 194 50060 0"},{"title":"A.3 Maximum photovoltaic capacity","page":114,"zoom":"XYZ 153 50060 0"},{"title":"A.4 Life Cycle Material Flows (CIGS- and CdTe-PV)","page":115,"zoom":"XYZ 173 50060 0"},{"title":"A.5 Lifetime probabilities","page":118,"zoom":"XYZ 152 50060 0"}]}],"thumbnailType":"jpg","pageType":"html","pageLabels":[]};
