of Air PoIIutlon

Control

Analyses
0 of Emission Control Options
3 for Ozone Abatement
Strategies

| @ Springer



Contents

1 Introduction
1.1 SCOPE crrcrrecrissssussssmsssssissssnssssnsssssnssssssessssnasssassnssssossnes w1
1.2 AUIIIS «rrverererrressestbressssssstesss shesensnsssessassssanssesissnssssitessssssossssssssntessasssatassassostssne 2
1.3 S HCIUR . s ccincrisinsicisiisnissisntasssisnnesnsassssssassesnsesnssasasosassansassonssassnsonssessnsons sans 3

2 Air Pollution in Europe
2.1 INtroduetion i e .. 5
2.1.1  Scope - Tropospheric Ozone put in Perspective ........cocooevvecrvcccrrincena. 3
2.1.2  Emission Inventories and Monitoring in Europe............ e ©
2.1.3 Development of Air Pollutant Emissions over Time...... .10
2.2 Focus: Tropospheric OZone . errssemsisiones vorses 10
2.2.1 Ozone Formation in the Troposphere — The Tropospheric Cycle............... 10
222 The Ozone Situation in 1999 ..o 13
223 Specific Aspects of Ozone FOrmation ... 13
2.3 Air Pollution Imipacts ....... .18
2.3.1  Major Air Pollution Problems ....oeomcnicneiciccinecncnecnccmecrmnernnenns 18
2.32  The Concept of Critical Levels......oviviinns s e enee i 20
2.3.3  Health Effects of OZONE ....cceovevveenriviviecreissessscesmsensscsnsennes ' 20
234 Ilmpacts on Natural Vegetation and Agricultural Crops.... 22
2.3.5  Other Aspects of Tropospheric Ozone ......coevveeiiiininns ST PRURPRON 24
2.4 Activities on Air Pollution Control ..... rseesensssssssasases 25
24.1 Introduction .. OO PU PSP OR O POSORSTROY. 3
2.4.2  The European Umon S v 29
2.4.3  United Nations Economic Comm;ss;on for Europe (UNECE) ................... 30
2.44 Integrated Pollution Prevention and Control (IPPC}....ccooiviicniniccinicinne 30
2.4.5 World Health Organisation (WHO) ..., 32

3 Emissions, Sources and Abatement Costs
31 INEFOOUETION ciiesrsrissssironssirirsssnssssmnsssisinsnssssisansssssantassssansnsseasssansssanssnassnssants 35
32 Emission Analysis .36
3.2.1 Anthropogenic and Biogenic Emission SOUICES ....cooeeeiecreriecsrernecrecrens 36
33 COuntry AnALYSis ccmiininirmenuionassrossassensasnsanesnssiassreassnns 43
3.3.1  Emissions per COUMLIY . ..ot stee s 43



x Contents

332 Per Capita EMISSIONS . ccooiciiieieiiee s st 43
333 Time Series ANalysis ..o 46
34 Scenario Development.......oirsnsissasssssanes easts s s st st s en e b 47
341 Methodology for Emission Projection: Approach........cccooovveiineininnenns 47
3.4.2 Emission Projection for a Business-as-usual Trend .
Scenario for 2010 ..o

3.4.3 Sectoral Air Pollution Control Policies
3.4.4 Detailed Sectoral Projection.........ccerveeecceiemnenne
3.4.5 Trend Scenaric Emissions ...
3.5 - Assessing Abatement CostS....eeriinvinns
3.5.1 General Approach and Methodology
3.5.2  Guidelines for Cost Data Collection
3.5.3 Generating Abatement Cost Curves
3.6 Emission Abatement Options...........
3.6.1  Abatement Options Analysed.........ooiviiirie e
3.6.2 Calculating Costs of Abaternent Measures ...
3.6.3 Detailed Calculation of Costs per Sector ...oooeveerecinnnne

4 Optimising Ozone Abatement Strategies
4.1 Introduction ......eevimeenmrns vttt bR e e sa s beRRa R shsaR e SR RS BR 1 |
4,1.1  Aim: Optimisation of Air Pollution Control Strategies..........ccecouieriicrnaans 81
4,12 Aspects of Cost-Effectiveness and Cost-Benefit Assessment........ccocovenn., 82
4.1.3 State of the Art: Selected Assessment Models.......ovvoceieien
4.1.4 TFocus: Problem Formulation for Tropospheric OZong.......coo v
4.2 Model Design and Implementation .....cvrerermessmmesameni .. 88
42.1 OMEGA-O; - Basic Features and Model Description.......covmvcrnenn. 88
42,2 Data-Model: Input and OUEPUE ...
4.2.3  Detailed Model Formulation .. “ .
4.2.4 Model Interfaces for Cost- Beneﬁt Assessment
4.3 Model Evaluation .... rebetsp s s e enes 106
4.3.1 Uncertainties in Input Data.......ccocooiic s 106
432 Specific Uncertaintics when Modelling Tropospheric Ozone ..o, 113
4.3.3  Uncertainty Treatment in Other Studies.......iioce 117

5 Modelling Results for Tropospheric Ozone

5.1
5.1.1

512
513
314

5.2
521

Cost-effectiveness ANALYSIS ... e 119
Closing the Gaps towards Ozone Thresholds for

Health and Vegetation . ......voveoeeriiccince s 119
Focus: Human Health ... 19
Discussing costs and benefits for EU Member States................. o 123
Analysing the Distribution of Burdens and Benefifs.. ..o 129
Additional Emission Reductions ....... erensssesnnaisnsranans 133

Which Ozone Levels can be Achieved. ..o 133



xi

522  Assessing the Regional Variability of Reduction Options.........c.c.covvevere. 138
5.2.3  Deriving Emission Targets for EUTOPE ..o e 139
5.3 Ozone Thresholds and Limit Values.......cccevvvineenne R L X
5.3.1 The EC Ozone Daughter Directive. ..o 143
53.2 Assessing the Potential of the National

Emission Ceilings DITECIVE ....vuviirrririinerrireinesrenrisnesrorsessssnsssecosssssssisses 144
533 From Ozone Thresholds to Population Exposure ... 146
5.3.4 Contributions from the Accession Process......cc.ccovevveeivcrcenvicnssninin. 148
Evaluation of Results
6.1 INtroduction .eesiemsemseons rosees 151
6.2  Future Abatement Options ...ocoeee..
6.2.1  Emission Situation in the 2010 Trend Scenatio .
6.2.2  Sectoral ANALYSIS ..co.ooveeice e
6.3 Recommendations for Policy Makers.. 159
6.3.1  Achieving Compliance with Thresholds and Limit Values........ccoovinnen 159
6.3.2 Targets for further Emission Reductions — The

National Emission Ceilings Directive Evaluated. ... 160
6.3.3  Air potlution Control Strategies and the Accession Process

Conclusions and Outlook

7.1 Conclusions....... bevrnesnerranesareranane e sae pLesseeabtan et st e bena e bR e e 163
7.1.1  General Recommendations for European Air Pollution
CONIOR SIEAIEZIES 11.v e cveriee et em st sbs s s 163
7.1.2 Conclusions from Cost-Effectiveness and Cost-Benefit
ANALYEES ot oei e BT PO 166
7.2 QOutlook .......... rerteestsnsessesssensestnanssassen I 168
72,1 Towards a Multi-pollutant-multi-effect Assessment........ccvvimeiviriienrinens 168
7.2.2  Further Research Needs
723 SUMIMAIY ..ottt e cerssss s e b s bbb as ettt e s bbb s en s
Bibliography
Annex
A CORINAIR SNAP90 .........cn. s A RN a4 LS a4 SRS SR e RebE e ERS RS SSS e NSRS 183
B Scenario data for emission projection. ..., 194
C List of modelled abatement Measures......ccevvresneerereens bbb s bbb aanes 197



