Contents

1o INtroduction.........ccoooiiiiiiiiiiiiii s 5
1.1. Background to the Guidelines ............cccocoiiiiiiiiiiiiiiiiiccccce 5
1.1.1. LCA-NORDIC ......cciiiiiiiiiiiiiniiiieniciecteeciete et 5
1.1.2. Objectives and Approach ...........cccceceeverveeiiiiieieenieneneerieseeee e 6
2. Introduction to Life-Cycle Assessment ..............c.cccooceiviiiiiiinciiiniieenieneeeieeennenn 9
2.1. The Life-Cycle CONCEPL......c.coeriiiiiiiieiiiiieeerecee ittt 9
2.2. General Introduction to LCA Methodology ...........ccccecviiiinenenicninnnee. 11
2.2.1. General Application Areas of LCA .........cccociiiiiiiiiiiicicnne 13
3. Use of the Guidelines...............ccccoceviiiriniiiniiiiiieeescee e
3.1. InPlanning of LCA........cccociiiiiiniiiinn.
3.2. In Conducting and Reporting LCA
3.3. In Interpreting the Results of LCA or Validation ............ccccccoecevininnnnns 16
3.4. General Comments on the Guidelines.........c.cccceeiiiiviiiiniincniiieene. 16
3.5. General Types of Information Provided by LCAs...........cccccvviiiinnnnnnn. 16

3.5.1. How "Key Issues" Are Understood in This Guideline Document19
3.5.2. How Comparative Studies are Understood in these Guidelines.. 20

4. LCA Structure and Procedure..................cccccceoiiiiiiiiiininiiiicecceeeeee 21

4.1. Structure and Terminology ...........cccoveveeeenns s 21

4.2, PrOCEAUTE ...ttt 21

4.3. Quality Assurance Process............ccccoocviviiiiiiiniinicc 22

4.3.1. Iterative Data Quality ASSESSMENt ........ccueriivuerrinieienieieieeeens 23

5. Goal Definition and SCOPINE .............cccoeviiiriiiiiiinicc e 25

5.1, Planning of LCA oot 26
5.1.1. Improving Credibility through Reference panels, Validation or

External Critical Review ...........ccccc...... e 26

5.2. Case Specific GOals ........cocoiiiiiiiiiiiiiiiiicc 29

5.2.1. Purpose and Intended Applications............ccccccevuieniiciniccnnnuennne 29

5.2.2. Function(s) of the Studied System(s) .......c.cccceevuerieviinvieiieniieiens 30

5.3, Functional Unit........cccociiiiiiiiiiiiiciciccee e 31

5.4. Scoping of the Study.........ccocoeiiiiiiiiiiiii 33

5.4.1. Product Group or Type of Service..........ccoceeveeririiirenciinieenn 33

5.4.2. System Boundaries .............ccocooiiiiiiiiiiiiiiie 34

5.4.3. Temporal Boundaries .............cccoviriiiiiniiiiiiiceciee e 34

5.4.4. Impact Assessment Boundaries.............ccococeeiniininncinncnnne. 35

5.4.5. Data Quality GOalS ......ccoeiiiiiiiiiiiiieiiice e 38



6. Inventory ANalysis .........ccccoocoiiiiiiiiiiiiiiiiieeceee e 40

6.1.

6.2.

6.3.

6.4.

6.5.

6.6.

6.7.

7.3.

Product or Service SYSteM.......ciiuieuiriiciiiiiiiieieicieicecteee e 40
6.1.1. Identifying System Function(s) .........cccceeurevveveenenennscncrieienne 40
6.1.2. Defining System Boundaries..............cccocoouiiiiiniiiniiinicnn, 45
6.1.3. Life-Cycle Flow Diagrams ...........ccccoeueuiiinicucinniinenecciinenes 50
Issues normally not quantified in LCA .......ccccccoiiiinenininieceeeee 51
6.2.1. INfTaStIUCIUIES .....c.oiveuiiiiiiicieiiteciee e 52
6.2.2. Accidental Spills .......cccoiiiiiiiiiiiiiie 52
6.2.3. Environmental Impacts Caused by Personnel ..............c...cc.c....... 52
6.2.4. Human ReSOUICES.........ccoeuemirueieiiinieiiiiiieicieicteieeet e 53
Data SOUICES .....cveiiiiiiiiciiccieeccte s 53
6.3.1. Types of Data SOUICES........ccccrveriiiririiiiicireeteee e 53
6.3.2. Data Source ClassifiCation ...........ccceeueueeuiiniiincnineineceeeene 54
Data Collection and Calculation..........cc.ccueieieieiiiiiiiicciciiiiieccieecee 55
6.4.1. Data Collection - General ASPECtS ........c.ccevureuevevuecunenecienienne 55
6.4.2. Average or SPeCifiC ......cccceeuiuiiiiiiiiiiiiiiiiicce 56
6.4.3. Average or Marginal Data..........c.ccocoooiiiiiiiiiiniiniiiccee 57
6.4.4. Emissions Associated with the Use Phase ..........c.ccocecevicinnnin. 57
6.4.5. PUDIIC SEIVICES ....eoviiiiiiiiiiiieeiiiitrieictct ettt 58
Allocation ProCedures...........coevieiruiriiiiiiicitecieceeeie et 58
6.5.1. Multi Input/Output Processes..........cccuevuervueriueeiiiienieiiiieneeeene 59
6.5.2. Open-1oop RECYCING.....cviuiiiiiiiiiiiiiiiccc e 62
Data Quality Declarations...........cceceeirieieirereeieeeeeteeeeeee e 66
6.6.1. Detailed Data Property Indication ............cccccuecuiiiiiiincncniininnnae 66
Uncertainty and Sensitivity ASSESSMENt..........c.cecvereeierierieiieiiereerieeennas 68
6.7.1. Different Types of Data Uncertainties......c....ccceeureinrecenenennnes 68
6.7.2. Assessment of the Data Uncertainties of the Study..................... 69

Introduction

7.1.1.

7.1.2. Recommendations

Classification

7.2.1.

7.2.2. Performing the classification...........cccceiverenerininnicenciceens 79
7.2.3. Performing a "red-flag" classification ............ccccceevviiniinnnnnne 80
7.2.4. Results from the case Studies.........couevveierierierieniineiieiiereeeeena 81
7.2.5. Recommendation and reporting ..........ccccceeceeeeeiesenreseereeesnesnens 82
Methods for CharacteriSation ............cccocevueeieeienierie e 83
7.3.1. General methodological aspects...........cccceevererieeniiieirieeeenenen 83
7.3.2. Resources - energy and materials...................... e, 86
7.3.3. RESOUTCES = WALET ...cueiieiiiiieeiieie ettt 93



74.
7.5.

8. Normalisation and valuation methods

7.3.4. Resource - land (including wetlands) ..........ccccccoeeiiniininiinniennnnn, 94
7.3.5. Human health - toxicological impacts (excluding impacts in work

1S 181 £0) 110015 119 I USSR 96
7.3.6. Human health - Non-toxicological impacts (excluding impacts in
WOTK €NVIFONIMENL) ...vviieiieeceiieecieeeeiee e e et e eeeaae e e eeaeeeeeaeeeeeaeeeas 104

7.3.7. Human health impacts in work environment ...........c..cccceueueee. 105
7.3.8. Global Warming.........cccocoeueiiiininiiiiiieicee s 108
7.3.9. Depletion of stratospheric 0Zone.............ccccevvecviiiiiiciicnnnennne. 109

7.3.10. AcdifiCation.....cc.ocuevieiriiiiiiiceccce e 110
7.3.11. EUtrophiCation ........c.coceeieierieniiniieieieeeeie et 112
7.3.12. Photo-oxidant formation ............ccceceevevviiviniiiiiniiniininieieieeeee 115
7.3.13. Ecotoxicological impacts ............ccceveiruriinenininniiccccce 118
7.3.14. Habitat alterations and impacts on biological diversity ............ 124
7.3.15. Inflows which are not followed to the system boundary

between the technical system and the environment................... 125
7.3.16. Outflows which are not followed to the system boundary

between the technical system and the environment................... 125
7.3.17. Data-gaps in the characterisation.............ccccccoeevereniiiiciincinnnnne 125
Reporting the results from the characterisation .............cccccoeevivcinnnnens 126
An outlook for the future ............occcoeiviiiiiiiiiice 129

8.1, INtrodUCHION. ....ccuiuiiiiiiiciiieee e

8.2. Recommended tables and matrixes for presentation of results from the
characterisation and for initial valuation ...........ccccooeviviiniiiiiniiniiiiiiiene 130
8.3, NOrMAliSALION ....viuiiiiiiiiiiieciee e 133
8.3.1. INtroduCtion ........cccceieueiiiiiririicicicee s 133
8.3.2. Suggested approaches.............ccccoviiiiiiiiiiciiiin 134
8.3.3. DISCUSSION ..cuiiiiiiiiieicecieie s 134
8.3.4. Recommendations .........cc.ccuecuiiiiniiiiiiiiiiiiieicieeceeeeeccenene 135
8.4, ValUQtION ...ceoiiiiiiiiiiieieec e 135
8.4. 1. INtrodUCHION ..c..oveiiiiiciiiiii e 135
8.4.2. Suggested methods .........c.oceeiriiiiiiiiniicccce e 137
8.4.3. An example from the case studies..........ccccocceeviiiiiiiiinn, 142
8.4.4. COMMENLS. ..ottt 143
8.4.5. Recommendations and reporting..........c.ccccceeveveeiviviieniniecinnne. 144
9. Discussing the results and drawing conclusions.................c..co.coiininnnn. 145
9.1, INrOUCHION. ...ttt 145
9.2. Recommendations and reporting iSSUES...........cccecvereiiieiieeeenenniieens 150



10. Reporting and Communication ...................cccooiiiiiiiiiiiiiiiiccccccne 151

10.1. The Structure of the RepOIt ..........ccoeiiiiiieiiiirieieieeeeeeee e 151

10.2. Report Content and Headings...........ccocovveuriiiiiiiiiniicicicccccce 151

11, ReferencCes.........ccooueuiiiiiiiiiiiiiiiiiciicc e 156
Appendices A - D......ccooiiiiiiiiiii e 163
Appendix A Tables of characterisation and valuation weighting factors ........ 164
Appendix B Public Service'-treatment of solid and water-borne wastes.......... 202

L. INtrOQUCHION. ...ceiiuiiiiiiicict ettt 202

2. Treatment of S0lid WaSte........ccouiiiiiiiiiiiiiiccc e 202

2.1.  Introduction....... e 202

2.2, INCINETALION.....ciiiiiiiiiiiieieiecieieee e 203

2.3, Landfilling ......ccoviiieirireeicecctci et 204

3. Sewage treatMent.........ccovuiiiiiieniiieieic e 206

3.1, INtrodUCHION ...cuiiiiciiciieiccteetcee e 206

3.2.  Suggested approach .........cc.cocceevereiirininieiiieeeeereeeea 206

3.3, Recommendations ..........ccceeeueieueriinieiiieiienieeeneeeeeseeee e 209

4. REfEIENCES....c.eiuiiiiiiiiiicciecee s 212
Appendix C List of abbreviations ...........cccccceoeeiiinininiiiiiiicccce 213
Appendix D Methods for allocation at open-loop recycling..........ccccccevvveenene 215



