
Modelling of the German domestic heat sector in TIMES
Russell McKenna+*, Daniel Fehrenbach#, Erik Merkel*, Javier Parrilla*, Wolf Fichtner*

* Chair of Energy Economics, Institute for Industrial Production (IIP), 

Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany

# European Institute for Energy Research (EIFER), Karlsruhe, Germany

+Lead author, mckenna@kit.edu, Tel +49 721 6084 4582
Introduction
The German heat sector accounts for around 55% or 4,651PJ of the national end energy demand (BMWi, 2010). Of this, around 60% is for space heating and warm water, largely in domestic buildings, which were responsible for around 150MtCO2 in greenhouse gas emissions in 2008 (EWI/PROGNOS/GWS, 2010). Against this background there are various energy-political frameworks and targets which aim to address heat use in the domestic sector. Firstly, the Renewable Energy Heat Law (Erneuerbare Energien Wärmegesetz) is motivated by the Germany-wide goal to provide 14% of heat from renewable sources by 2020 (in 2010 this figure was 8%), and stipulates that all new-build houses must provide at least 10% of their heat from renewable sources. In Baden-Württemberg, a federal state in the south west of Germany, a federal-state-law known as the Renewable Heat Law (Erneuerbare Wärmegesetz), stipulates that within this region the target for 2020 is 16%, and also existing buildings have to reach this 10% when replacing the heating the system. The Energy Saving Act also prescribes maximum specific energy demands for new buildings, as well as certain requirements relating to the renovation of existing buildings, such as quantitative increases in the buildings U values, as well as the requirement for existing electric heating to be removed by 2020, with some exceptions. In addition to this, there is a strict target in place for the doubling of generation from CHP from around 13% to 25% by 2020, yet the demand for space heating in the domestic sector is expected to strongly decrease in coming decades. 
Overview

The work presented in the current contribution models the German domestic heat sector and relevant heat generation technologies in the linear optimization model TIMES. The focus hereby is on the characterization of micro and mini combined heat and power (mCHP) technologies and their economic potential within the domestic sector in the coming decades (cf. Pehnt et al., 2006). Hence mCHP technologies, including internal combustion engines, Stirling engines, micro-gas-turbines and fuels cells, are technically and economically characterized and compared in the model with conventional modes of heat supply, such as gas and oil boilers and solid fuel burners. A key research question relates to the interplay between centralized (i.e. district heat) and decentralized means of heat supply, and the suitability of these two modes for different types (and sizes) of building and settlement types, for example. Several extensive studies have analyzed the economics of centralized district-heat based solutions (Bartels, 2009; Horn et al., 2007; Eikmeier et al., 2006), but few have considered this interplay between central and decentralized supply. The research therefore strongly depends upon a detailed building stock model for Germany, which on the one hand provides the relationship between existing buildings, their insulation standards and the installed heating technology, and on the other prognoses the potential development of these individual categories on the basis of assumptions about new build and renovations in the future (Kleemann et al., 2000).    

Methods

Contrary to many existing energy system models, the model applied here focuses on the interface between heat and electricity systems, which presents several key challenges for the methodology employed. Firstly, an appropriate spatial resolution  is required in order to distinguish between populated areas, urban and rural districts, settlement types and/or buildings suited for central compared to decentralized heat supply. Secondly, a high temporal resolution is required in order that the heat generation plants are correctly sized. In the case of endogenous dimensioning, heat stores are invariably required in order that the switching nature of these technologies (which generally are not capable of output modulation) can provide a constant heat supply, and dimensioning for the peak load is correspondingly reduced. The third important point is the challenge associated with modeling investment-related costs which to a significant extent are dependent upon the existing and new infrastructure and heat supply system. Hereby a distinction can be made between internal infrastructure, which relates to the degree of centralization of the technology (from central heating through to single room heaters), and external infrastructure which relates to the type of fuel: district heat is the exception here because it represents its own category in both respects. Thus a matrix of possible switches and their associated costs has to be integrated into the model. This categorization of the demand side into discrete classes, which can only be supplied by specific technologies, represents the main novelty in the developed methodology. The heat demand for each of these demand classes has been determined with a bottom-up approach, which is based on the building type, area, specific heat demand (i.e. insulation level, settlement type) and exisiting infrastructure (AGFW, 2004). The developed approaches to overcome these and other challenges will thus be presented.
Results and conclusions
Initial results indicate that the significant over-capacity in heating systems experienced in the past – due to the fact that especially solid fuel heating systems operate for only a small fraction, say 10% of the year – might be reduced in the future. This is partly due to the methodology employed, which lumps several buildings of the same type together, but also raises an interesting question relating to the current over-capacity and whether users will continue to oversize heating units. 


Although there seems to be the largest technical potential for mCHP in one and two family houses, initial model results indicate that building retrofit measures such as insulation compete strongly for this type of building. On the other hand, larger buildings, especially those with high specific heat demands, present economical opportunities for mCHP. At the time of writing, the interface with the centralized electricity generation system is still under development, which is expected to have a significant impact on the model results. This means that the above findings should be treated with caution.

Finally, the modeling results will give a rough indication of the economic potential for micro CHP units in the German domestic sector in the coming decades and provide insights into the main areas and types of buildings where such technologies are likely to be most competitive. The novel methodological approach enables the interlinkages between decentralized generation, renewable energies and the large power plant park to be investigated. Alongside alternative heat technologies such as heat pumps, solar thermal, and conventional boilers, and by considering insulation as a technology option, this study will provide insights into the likely evolution of domestic heating in Germany and the most cost-optimal future arrangement of the system.
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