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. : : - Figure: Household final energy usage (2016)3
= heat pumps in residential buildings
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Hegt Study. Net Zero by 2050. Key Insights, Evidence and
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3 Sustainable Energy Authority of Ireland (2018). Energy in
the Residential Sector. Carbon intensive fuel mix.
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https://www.seai.ie/data-and-insights/seai-statistics/key-publications/energy-in-residential-sector/#comp00005b3f76b800000007082ac1
https://www.seai.ie/data-and-insights/seai-statistics/key-publications/energy-in-residential-sector/#comp00005b3f76b800000007082ac1

Research Questions

= How can...

= energy demand and supply be decoupled in the operation of heat pumps

= such as through passive thermal storage (mass of buildings)
= and thereby reducing emissions?

= Additionally, what is the impact of geographical variation on the potential for
emission reduction?

= j.e. between Ireland as one of the northern islands of Europe with a mild climate

= and Germany as a country on the European mainland with a continental climate
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Methods — Optimisation Framework Ba(:kb?’nel

Network Model: - \ |

= highly adaptable structure with grids, nodes, lines and units

= various energy carriers and sectors
= flexible spatial and temporal resolution

Optimisation:

= scheduling and investment planning
= cost and emission minimisation

Figure: Backbone model structure

K

&

— this study: development of Backbone models for residential buildings in
Germany (GER) and Ireland (IRL) in Backbone

1 Helisto et al. (2019). Backbone — An Adaptable Energy Systems Modelling Framework, Energies.
Image source Map: https://en.wikipedia.org/wiki/Germany%E2%80%93Ireland_relations#/media/File:Germany_Ireland_Locator.png
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https://www.mdpi.com/1996-1073/12/17/3388

Methods — Setup of Building Models

= based on Backbone building model method

developed by Rasku & Kiviluoma (2019)! and slcticty gid
Huckebrink & Bertsch (2022)?

= reduced order model (3R3C) eatpumn
= building parameters (U-values, areas, heat 7

capacities) implemented
structure interior
temperature

= flexibility originating from the controllable neat gid
\ /

indoor temperature _
teranr;:::ﬂ}re
Figure: Own model structure of the building model in Backbone

= generates heating demand endogenously

— building masses act as a passive
thermal storage

Huckebrink D. & Bertsch V. (2022). Decarbonising the residential heating sector: A techno-economic assessment of selected technologies. Energy. https://doi.org/10.1016/j.energy.2022.124605.

Rasku T. & Kiviluoma J. (2019). A comparison of widespread flexible residential electric heating and energy efficiency in a future nordic power system. Energies;12. https://doi.org/10.3390/en12010005.
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https://doi.org/10.1016/j.energy.2022.124605
https://doi.org/10.3390/en12010005

Methods — Archetype Buildings

= building model used for residential archetype buildings for GER and IRL
= building parameters
= for Ireland by Ali et al. (2019):

» EnergyPlus small-scale models developed for typical
Irish building archetypes

Figure: Detached house
by Ali et al. (2019) used
in IRL model

» Detached houses, accounts for 40% of Irish building
stock

= for Germany by Sperber et al. (2020):

Figure: Single-family
house by TABULA (2014)
used by Sperber et a.
(2020) and in GER model

= TRNSYS model as well as reduced-order small-scale
models for typical single-family houses in Germany

= Single-family houses, accounts for 66% of German
building stock

Sperber E., Frey U., Bertsch V. (2020): Reduced-order models for assessing demand response with heat pumps — Insights from the German energy system. In ENERGY AND BUILDINGS 223, p. 110144. DOI: 10.1016/j.enbuild.2020.110144.
Ali U., Shamsi M. H., Hoare C., Mangina E., O’'Donnell J., A data-driven approach for multi-scale building archetypes development, Energy and Buildings, Volume 202, 2019, 109364, https://doi.org/10.1016/j.enbuild.2019.109364.

TABULA: 1. Ballarini, S.P. Corgnati, V. Corrado, Use of reference buildings to assess the energy saving potentials of the residential building stock: The experience of TABULA project, EnergyPolicy. 68 (2014) 273-284.
https://doi.org/https://doi.org/10.1016/j.enpol.2014.01.027.
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https://doi.org/10.1016/j.enbuild.2019.109364

Methods — Input data

= construction periods

» for GER: 1958-1968, accounts for 14% of single-family houses in GER

= for IRL: 1991-2000, accounts for 5.2% of all buildings in IRL
= upscaled by enlarging building areas by the amount of single-family houses in GER & IRL
= data for 2019 for weather (Berlin & Dublin), fuel and electricity costs and emissions

weather GER vs IRL

ambient temp in °C
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——GER model °C  ——IRL model

— GER buildings better insulated, but heating demand higher because of harsher winters
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Results

= goal: assessing the emission-reduction potential of the thermal flexibility measures

indoor temperature band of 20 °C — 25 °C
reduction of CO, limits
CO, emissions for the GER model

60250000

CO, emissions in teq,

heat

60240000

60230000
60220000 I l
60210000

max (no 25% limit 50% limit 75% limit
limit
imit) CO, limits

100% 99.99% 99.98% 99.97% 99.96%

costs B€ 52.768 52.769 52.772 52.797 52.867

CO, emissions in teq,

304800

304600

304400

304200

304000

CO, emissions for the IRL model

max (no limit)  25% limit 50% limit 75% limit
CO, limits

100% 99.97% 99.94% 99.90% 99.87%
0.2575 0.2575 0.2576 0.2577 0.2583
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Limitations and Outlook

= inclusion of all archetype buildings for GER and IRL
= verification of upscaled system ongoing

= spatial diversion of weather data for each country

= inclusion of variable emission factors for electricity
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