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Überblick iii

Acknowledgement v

1 Introduction 1
1.1 Motivation and objective . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2 Related work 5
2.1 Strategies for greenhouse gas emission reduction . . . . . . . . . . 5
2.2 Grid impact of residential buildings and self-consumption . . . . . . 10
2.3 Optimal design of energy supply systems . . . . . . . . . . . . . . . 12
2.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
2.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

3 Optimal residential energy supply 21
3.1 Residential electricity load . . . . . . . . . . . . . . . . . . . . . . . . 21

3.1.1 Existing electricity load models . . . . . . . . . . . . . . . . . 22
3.1.2 Extension of the CREST model . . . . . . . . . . . . . . . . . 25
3.1.3 Validation and parametrization . . . . . . . . . . . . . . . . . 26

3.2 Thermal building load . . . . . . . . . . . . . . . . . . . . . . . . . . 30
3.2.1 Existing thermal building models . . . . . . . . . . . . . . . . 31
3.2.2 Extension of the 5R1C model . . . . . . . . . . . . . . . . . . 33
3.2.3 Validation and parametrization . . . . . . . . . . . . . . . . . 37

3.3 Supply system optimization . . . . . . . . . . . . . . . . . . . . . . . 40
3.3.1 Objective functions . . . . . . . . . . . . . . . . . . . . . . . . 41



viii Contents

3.3.2 Technology classes . . . . . . . . . . . . . . . . . . . . . . . 42
3.3.3 Heat supply model . . . . . . . . . . . . . . . . . . . . . . . . 44
3.3.4 Photovoltaic performance model . . . . . . . . . . . . . . . . 49
3.3.5 Solar thermal performance . . . . . . . . . . . . . . . . . . . 51
3.3.6 Superstructure of the building model . . . . . . . . . . . . . . 52

3.4 Time series aggregation and disaggregation . . . . . . . . . . . . . . 53
3.4.1 Related work to time series aggregation . . . . . . . . . . . . 53
3.4.2 Model reformulation . . . . . . . . . . . . . . . . . . . . . . . 54
3.4.3 Time series disaggregation . . . . . . . . . . . . . . . . . . . 56

3.5 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
3.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

4 Aggregation of an archetype building stock 61
4.1 Existing definitions of building archetypes . . . . . . . . . . . . . . . 61
4.2 Relevant building attributes . . . . . . . . . . . . . . . . . . . . . . . 64

4.2.1 General attribute categories . . . . . . . . . . . . . . . . . . . 64
4.2.2 Considered attributes for the aggregation . . . . . . . . . . . 65

4.3 Aggregation algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . 70
4.3.1 Mathematical problem formulation . . . . . . . . . . . . . . . 70
4.3.2 Solving algorithm . . . . . . . . . . . . . . . . . . . . . . . . . 72

4.4 Validation aggregation algorithm . . . . . . . . . . . . . . . . . . . . 75
4.5 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

4.5.1 Further building attributes . . . . . . . . . . . . . . . . . . . . 82
4.5.2 Strengths and limitations of the aggregation . . . . . . . . . . 83

4.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

5 Energy supply scenarios for the German residential building stock 87
5.1 Techno-economic assumptions . . . . . . . . . . . . . . . . . . . . . 87

5.1.1 Assumptions for 2015 . . . . . . . . . . . . . . . . . . . . . . 88
5.1.2 Assumptions for 2050 . . . . . . . . . . . . . . . . . . . . . . 91

5.2 Reference scenario . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
5.2.1 Impact of the number of archetype buildings . . . . . . . . . . 96
5.2.2 Impact of different weather years . . . . . . . . . . . . . . . . 99
5.2.3 Spatial distribution of energy demand, cost and GHG footprints102

5.3 Min Cost scenario in 2050 . . . . . . . . . . . . . . . . . . . . . . . . 105
5.3.1 Nationwide analysis . . . . . . . . . . . . . . . . . . . . . . . 105



Contents ix

5.3.2 Diversity of the energy supply . . . . . . . . . . . . . . . . . . 112
5.3.3 Value of analysis . . . . . . . . . . . . . . . . . . . . . . . . . 119
5.3.4 Sensitivity of the gas price . . . . . . . . . . . . . . . . . . . . 124
5.3.5 Zero GHG emissions . . . . . . . . . . . . . . . . . . . . . . . 126

5.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
5.4.1 Evaluation of the scenario results . . . . . . . . . . . . . . . . 135
5.4.2 Comparison of the scenario results to the literature . . . . . . 137
5.4.3 Discussion of the model approach . . . . . . . . . . . . . . . 141

5.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143

6 Summary 145
6.1 Scope and objective . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
6.2 Methodology and contributions . . . . . . . . . . . . . . . . . . . . . 146
6.3 Scenario results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
6.4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149

Appendix A Optimal residential energy supply 151
A.1 Electricity load model . . . . . . . . . . . . . . . . . . . . . . . . . . 151

A.1.1 Resident data . . . . . . . . . . . . . . . . . . . . . . . . . . . 151
A.1.2 Seasonal fitting of the electricity load model . . . . . . . . . . 154
A.1.3 Deviation between the electricity load model and the two val-

idation profiles . . . . . . . . . . . . . . . . . . . . . . . . . . 155
A.2 Building parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
A.3 Techno-economic parameters . . . . . . . . . . . . . . . . . . . . . . 159

A.3.1 Photovoltaic . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160
A.3.2 Battery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163
A.3.3 Fuel cell . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
A.3.4 Heat pump . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168
A.3.5 Oil and gas boiler . . . . . . . . . . . . . . . . . . . . . . . . . 170
A.3.6 Internal combustion engine . . . . . . . . . . . . . . . . . . . 171
A.3.7 Heat storage . . . . . . . . . . . . . . . . . . . . . . . . . . . 172
A.3.8 Solar thermal . . . . . . . . . . . . . . . . . . . . . . . . . . . 173
A.3.9 Pellet boiler . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173

Appendix B Aggregation of an archetype building stock 175
B.1 Socio-structural changes . . . . . . . . . . . . . . . . . . . . . . . . 175
B.2 Aggregated attribute fitting . . . . . . . . . . . . . . . . . . . . . . . . 176



x Contents

B.3 Number of archetypes representing a municipality . . . . . . . . . . 179

Appendix C Scenario results for the German residential building stock 181
C.1 Reference scenario . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
C.2 Load change predicted with different numbers of archetype buildings 183
C.3 Value of analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185
C.4 Sensitivity to the gas price . . . . . . . . . . . . . . . . . . . . . . . . 188
C.5 Zero GHG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191

Bibliography 193



Energie & Umwelt / Energy & Environment
Band / Volume 442
ISBN 978-3-95806-370-9

Energie & Umwelt / Energy & Environment
Band / Volume 442
ISBN 978-3-95806-370-9

Future Grid Load of the Residential Building Sector
Leander Kotzur

442

En
er

gi
e 

& 
Um

w
el

t
En

er
gy

 &
 E

nv
ir

on
m

en
t

Fu
tu

re
 G

rid
 L

oa
d 

of
 th

e 
Re

si
de

nt
ia

l B
ui

ld
in

g 
Se

ct
or

Le
an

de
r K

ot
zu

r


	Abstract
	Überblick
	Acknowledgement
	Introduction 
	Motivation and objective
	Structure

	Related work
	Strategies for greenhouse gas emission reduction
	Grid impact of residential buildings and self-consumption
	Optimal design of energy supply systems
	Discussion
	Summary

	Optimal residential energy supply
	Residential electricity load
	Existing electricity load models
	Extension of the CREST model
	Validation and parametrization

	Thermal building load
	Existing thermal building models
	Extension of the 5R1C model
	Validation and parametrization

	Supply system optimization
	Objective functions
	Technology classes
	Heat supply model
	Photovoltaic performance model
	Solar thermal performance
	Superstructure of the building model

	Time series aggregation and disaggregation
	Related work to time series aggregation
	Model reformulation
	Time series disaggregation

	Discussion
	Summary

	Aggregation of an archetype building stock
	Existing definitions of building archetypes
	Relevant building attributes
	General attribute categories
	Considered attributes for the aggregation

	Aggregation algorithm
	Mathematical problem formulation
	Solving algorithm

	Validation aggregation algorithm
	Discussion
	Further building attributes
	Strengths and limitations of the aggregation

	Summary

	Energy supply scenarios for the German residential building stock
	Techno-economic assumptions
	Assumptions for 2015
	Assumptions for 2050

	Reference scenario
	Impact of the number of archetype buildings
	Impact of different weather years
	Spatial distribution of energy demand, cost and GHG footprints

	Min Cost scenario in 2050
	Nationwide analysis
	Diversity of the energy supply
	Value of analysis
	Sensitivity of the gas price
	Zero GHG emissions

	Discussion
	Evaluation of the scenario results
	Comparison of the scenario results to the literature
	Discussion of the model approach

	Summary

	Summary
	Scope and objective
	Methodology and contributions
	Scenario results
	Conclusions

	Appendix Optimal residential energy supply
	Electricity load model
	Resident data
	Seasonal fitting of the electricity load model
	Deviation between the electricity load model and the two validation profiles

	Building parameters
	Techno-economic parameters
	Photovoltaic
	Battery
	Fuel cell
	Heat pump
	Oil and gas boiler
	Internal combustion engine
	Heat storage
	Solar thermal
	Pellet boiler


	Appendix Aggregation of an archetype building stock
	Socio-structural changes
	Aggregated attribute fitting
	Number of archetypes representing a municipality

	Appendix Scenario results for the German residential building stock
	Reference scenario
	Load change predicted with different numbers of archetype buildings
	Value of analysis
	Sensitivity to the gas price
	Zero GHG

	Bibliography
	442 Titelei.pdf
	Leere Seite

	Leere Seite

