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Motivation - Change of the Residential Grid Load Until 2050,
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2. Methodology
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Methodology — Overview
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distributed archetype buildings from minimal choice of efficiency measures, as well as
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[1] Kotzur, L., et al., Impact of different time series aggregation methods on optimal energy system design.

Renewable Energy, 2018. 117: p. 474-487. [2] Kotzur, L., et al., Time series aggregation for energy system design: ‘ ' J U L I c H

Modeling seasonal storage. Applied Energy, 2018. 213: p. 123-135.
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Methodology — Aggregation Algorithm
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Methodology - Plausibility of the Aggregated Archetypes

Resulting locations for a varying Regional representation of two
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3. Validation
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Validation — Variation of the Number of Archetype Buildings
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4. Min Cost
Scenario in 2050
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2050 Min Cost — Overview Assumptions
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2050 Min Cost — Aggregated Energy Flows and Regional Annual Cost
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2050 Min Cost — Annual Cost per Household for the Different Archetypes
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2050 Min Cost — Operation and Scale of the Main Residential Supply

Technologies
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2050 Min Cost - Spatial Distribution of Key Technology Installations
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2050 Min Cost — Resulting Change of the Residential Grid Load
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2050 Min Cost Value Of analysis - Total Annual Cost and GHG-footprint
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2050 Min Cost Value Of Analysis - Sorted Grid Load
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6. Conclusion
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Conclusions

= Heat pumps and photovoltaics are the central technologies for a GHG neutral building
stock and will increase the seasonal variation of the residential load

= 90 TWh/a of photovoltaic electricity can be self-consumed

= Refurbishment measures are expensive and only chosen in case the building is in the
cosmetic refurbishment cycle wherefore space heat demand just decreases by 30 %

= Most chosen efficiency option is the occupancy controller

= Fuel cells can compensate the seasonal variation in a transient phase with their
flexible and efficient co-generation

= A GHG neutral fuel would further allow the operation as renewable backup generator

= Enforcing economic effects between fuel cells and heat pumps are observable

= Rural areas are more critical regarding a changing electricity load than the urban
areas since the balancing co-generation units are not cost efficient in small scales

JULICH
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Super-structure and model approach
of the single building energy system
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Single building parameterization and optimization
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Integrated heat demand model;;; which respects the
occupancy activity,; and thermal mass of the building
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[1] Schitz, T., et al., Optimal design of energy conversion units and envelopes for residential building retrofits using a

comprehensive MILP model. Applied Energy, 2017. 185: p. 1-15.1.

[2] Richardson, I., M. Thomson, and D. Infield, A high-resolution domestic building occupancy model for energy

demand simulations. Energy and Buildings, 2008. 40(8): p. 1560-1566.
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The Markov-Chain based electricity demand model* is able to cover the

load fluctuation on different aggregation levels
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[1] Richardson, I., M. Thomson, D. Infield and C. Clifford (2010). "Domestic electricity use: A high-resolution energy Demand

demand model." Energy and Buildings 42(10): 1878-1887.
[2] BDEW, Standardlastprofile (SLP). 2011, Bundesverband der Energie- und Wasserwirtschatft.
[3] Tjaden, T., J. Bergner, J. Weniger and V. Quaschning (2015). "Repraesentative elektrische Lastprofile fuer

Wohngebaeude in Deutschland auf 1-sekuendiger Datenbasis." ‘ ' J U L I c H
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= Discrete choice ifa
technology or efficiency
measure is chosen, and
continuous scaling of the
technology
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Cost modeling with binary decision and continuous scaling
variable allows the integration of simplified economy of scale
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Categorization of building characteristics, , relevant for the energy
performance on municipality level
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[1] Torcellini, P., et al. DOE commercial building benchmark models. in ACEEE summer study on energy efficiency in
buildings. 2008.

[2] Corgnati, S.P., et al., Reference buildings for cost optimal analysis: Method of definition and application. Applied
Energy, 2013. 102: p. 983-993.

[3] Mainzer, K., et al., A high-resolution determination of the technical potential for residential-roof-mounted photovoltaic
systems in Germany. Solar Energy, 2014. 105: p. 715-731.
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Impact of the number of archetype buildings on the spatial resolution
and the representation of the categorical attributes
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