
Contents

Abstract Ill

Zusammenfassung IV

Abstracto IV

Acknowledgements IX

Contents X

Acronyms and abbreviations XV

0. Introduction 1

0.1 Main research questions 1

0.2 Structure of thesis and new approaches 4

1. Status quo, threats and potentials in the triangle of bioenergy -
climate, energy and land use 7

1.1 Climate change - climate protection 7

1.1.1 Status quo 7

1.1.2 Threats 11

1.1.3 Potentials and necessity for climate protection 12

1.2 Energy systems 15

1.2.1 Status quo 15

1.2.1.1 Shares in global primary energy consumption 15

1.2.1.2 Current trends of fossil, nuclear and renewable energy
sources 16

1.2.1.3 Current trends and shares of bioenergy in the context

with other renewables 19

1.2.1.4 Conclusions and vision 23

1.2.2 Threats 24

1.2.2.1 Global warming by energy-related emissions 24

1.2.2.2 Security of supply and operation 24

1.2.3 Potentials for a climate-friendly and energy efficient supply 26

Bibliografische Informationen
http://d-nb.info/1003133096

digitalisiert durch

http://d-nb.info/1003133096


Contents

1.2.3.1 Options for climate protection: clean coal, nuclear power,
natural gas, energy efficiency and renewables 26

1.2.3.2 Conclusion on a low-carbon energy supply 28

1.3 Land use 30

1.3.1 Status quo 30

1.3.1.1 Past and present land-cover and land-use 30

1.3.1.2 Causes and effects of land-cover and land-use changes 31

1.3.2 Threats 33

1.3.2.1 Land conversion — impact on world's carbon stocks 33

1.3.2.2 Land-use competition of bioenergy with food,

materials, water and biodiversity 35

1.3.3 Potentials of land-use for climate protection and bioenergy supply....43

1.3.3.1 Options and estimated costs for climate protection
in land-use 43

1.3.3.2 Potential for bioenergy 45

2. Analysis of 78 biomass pathways 50

2.1 Principle and selected pathways 50

2.1.1 Principle pathways 50

2.1.2 Selected modern bioenergy pathways,

cropping systems and residues 51

2.2 Technical analysis 55

2.2.1 Conversion efficiency 56

2.2.1.1 Comparative assessment of efficiencies

in mobility, heat and CHP applications 56

2.2.1.2 Comparing technologies using the same biomass feedstock .60

2.2.2 Yields per hectare for raw-biomass and target energy 61

2.2.3 Conversion efficiency of traditional biomass and bioenergy

in rural applications 64

2.3 Economic analysis 65

2.3.1 Production cost 65

2.3.2 Production cost of traditional biomass
and improved cooking stoves 68

XI



Contents

2.4 Ecological analysis - greenhouse gas balances and mitigation costs 69

2.4.1 Effect of direct and indirect land-use change caused by bioenergy 69

2.4.2 Fossil reference systems 72

2.4.3 Greenhouse gas reductions 74

2.4.3.1 Comparing area-related greenhouse gas reduction
potentials 75

2.4.3.2 Comparing raw-biomass greenhouse gas reduction
potentials 78

2.4.4 Greenhouse gas mitigation costs 83

2.4.5 Greenhouse gas reductions and mitigation costs
of replacing traditional biomass 86

2.5 Synthesis 88

2.5.1 Techno-economic synthesis 88

2.5.2 Techno-ecologic synthesis 89

2.5.3 Economie-ecologie synthesis 89

3. Integrated assessment -
role of bioenergy in land use, energy systems and climate change 92

3.1 Role of bioenergy in land use- two faces of one coin 92

3.2 Role of bioenergy in energy supply systems 94

3.2.1 Industrialized regions and countries - applying modern bioenergy.... 94

3.2.1.1 Efficient use of bioenergy in transport, heat and power 94

3.2.1.2 Strategic functions of bioenergy in power supply 97

3.2.1.3 Three stages of sustainable biomass application 98

3.2.2 Overcoming traditional biomass in developing

and emerging countries 100

3.3 Role of bioenergy in climate protection 103

3.3.1 Energy crops, residues and traditional biomass 103

3.3.2 Comparing bioenergy with other forms of land-use and renewablesl04

3.3.3 Maximum greenhouse gas reduction potential of bioenergy 106

XH



Contents

4. Renewable Power Methane - solution for renewable power integration
and energy storage 108

4.1 Challenges in renewable energy systems - balancing power,

energy storage and special transport segments 108

4.2 Basic concept of Renewable Power Methane (RPM) 110

4.2.1 Fundamental description 110

4.2.2 Conversion efficiency, technology and costs 112

4.3 Four Renewable Power Methane concept categories 117

4.3.1 Stand-alone concepts - independent production of a carbon-neutral
natural gas substitute by CO2 recovery from the air 117

4.3.2 Concepts with bioenergy plants - biogas upgrading
and SNG gasification 121

4.3.3 Concepts with waste management - sewage plants,
landfill sites and CO2-intensive industries 122

4.3.4 Concepts with fossil fuels - fossil power plants

and natural gas sites 124

4.4 Operation and grid integration 126

4.4.1 Control concept 'power storage and power shifting' 126

4.4.2 Control concept 'balancing power' -
electrolysis control and methane storage 130

5. Development of a sustainable integrated energy system 131

5.1 The supply and emission dilemma 131

5.2 Five steps towards an efficient energy system 132

5.2.1 Energy efficiency by energy savings 132

5.2.2 Increasing energy efficiency by combined heat and power 133

5.2.3 Replacing fossil and nuclear thermal power generation
with direct renewable power generation 134

5.2.4 Increasing energy efficiency by shifting towards renewable
electromobility 134

5.2.5 Providing heating and cooling energy with less energy
by using ambient heat via electric heat pumps 137

xm



Contents

5.3 Transformation towards sustainable energy systems 139

5.3.1 Super smart grids, grid integration tools, virtual power plants

and energy management 139

5.3.2 Blueprints of sustainable integrated energy system structures 142

5.3.3 Transforming the system by applying 100% renewables
and energy efficiency in all energy sectors 146

5.3.4 Possible emission reductions - keeping the 2°C climate target
without nuclear energy and carbon capture and storage
by a transformation until 2050 151

6. Summary and outlook 154

6.1 Summary of new scientific results obtained by this thesis 154

6.2 Outlook on follow-up research topics 157

7. References 160

7.1 Publications resulting from this work 160

7.2 Literature 161

A Annex 179

Al Simulation of 100% renewable power supply 179

A2 Relevant definitions 187

A3 Effect of methodologies in primary energy balances

and global potential of renewable energy sources 192

A4 Basic biomass conversion technologies 195

A4.1 Thermo-chemical conversion processes 195

A4.2 Physical-chemical conversion processes 197

A4.3 Biochemical conversion processes 198

A5 Definition of conversion efficiency and system boundaries 200

A6 Framework for production cost analysis 204

A7 Methodology of greenhouse gas balances and mitigation costs 205

A8 Figures 209

A9 Tables 212

xrv


	IDN:1003133096 ONIX:04 [TOC]
	Inhalt
	Seite 1
	Seite 2
	Seite 3
	Seite 4
	Seite 5

	Bibliografische Informationen
	http://d-nb.info/1003133096



