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Overview
The decarbonization of the energy supply for household consumers and the commercial sector plays a decisive role in the German Energiewende. This includes in particular local energy consumption for heating and warm water supply. In comparison to the large-scale development of centralized renewable energy sources, local energy systems integrate on-site renewable energy sources. The supply of local electricity and heat demand is possible to a certain extend. However, energy exchange with public supply systems remains important. While technologies for decentralized energy conversion are becoming competitive for an increasing number of applications, the regulatory framework conditions can be complex and a barrier for the utilization of such decentralized technologies in many local energy systems. Our paper analyzes the technology, economic, and policy framework conditions of a decentralized local heat and electricity system in an urban quarter with new and existing buildings. In addition to the implication the scheme of charges and taxes has on the operation of different technical configurations, we also discuss different scenarios for the development of carbon and corresponding energy prices and for investment costs.
Methods
We develop a mathematical cost optimization model for the operation of the local energy system with and without energy consumption charges on local electricity consumption. As these charges can vary for different consumer types within the local energy system, energy flows must be accounted for their specific producer and consumer linkage for each time step. This model approach allows us to evaluate specific regulation like the German taxation and charging scheme for local energy conversion and consumption based on the Erneuerbare-Energien-Gesetz (EEG) with different taxes and charges depending on the source and consumption combination of each energy flow. An extended model version determines the optimal investment composition of different small-scale technologies (small-scale CHP units, solid-oxy-fuel-cells, heat pumps, electric heating, electrolysis, and storage for heat, electricity, and hydrogen) for different scenario frameworks where we focus on the development of technology cost, market prices, and regulatory framework. 
Results
Our results show that the existence of a taxation and charging scheme for local energy conversion, especially for the local usage of electricity, affects the optimal operation of the local energy system. This effect is increasing with a more flexible operation, e.g., when using different types of energy storage. When comparing configurations with and without an implemented charging and taxation scheme, we observe that those charges can cause up to 10% of the annual costs of operation in Germany. The biggest impact on the operation of the energy system of an urban quarter is given by the specific building structure. In our case study, there are no heat pumps in existing building as they cannot provide the higher temperature for installed heating system compared to lower temperatures with space heating in the new buildings. The old buildings therefore require other heat supply technologies, in our case a central energy center which is connected to the district heating network and also has local solid-oxide fuel cells (SOFC) and/or small CHPs. We also evaluate the possibility for seasonal storage with local production of hydrogen via electrolysis and hydrogen storage. 
The underlying demand profiles in the case study are dominated by heat demand, which results in up to 5% cost reduction in the CHP compared to the SOFC configuration, as we assume a higher thermal efficiency for the CHP of 0.5 compared to 0.18 in the SOFC. In case of a higher electricity demand profile, e.g., when the electricity demand of the existing buildings is included as well in the local electricity balance and not served by public supply, SOFC with an electric efficiency of 0.6 are slightly more profitable, resulting in a total annual operational cost reduction of up to 1.000 Euro in comparison to the CHP configuration with an electric efficiency of 0.4. In the SOFC configuration included in the case study, the imported district heat energy is located in a comparable amount as in the decentral configuration without central SOFC, where the whole heat demand for existing buildings is covered by district heat. Nevertheless, an extension of the CHP energy center with a small scale SOFC up to 10 kW capacity is profitable, as the higher electric efficiency of the SOFC allows for higher flexibility in electricity production. When expanding SOFC and, therefore, electricity production, batteries sized up to 50% of the SOFC capacity are needed to exploit this flexibility options. In the proposed future price scenario development, we see that hydrogen can and will substitute natural gas consumption in urban quarter energy systems as soon as a specific level of CO2-price is reached, and hydrogen becomes cheaper than natural gas. This change requires flexibility in input energy carriers for both SOFC and CHP assets. In contrast, even with our optimistic assumptions of a 50% reduction of the investment costs for Power-to-Hydrogen installation from 100 €/kW to 50 €/kW and at the same time a reduction of hydrogen storage investment costs from 10 €/kWh to 8 /kWh, investment in such assets is not profitable, assuming at the same time a 2030 CO2-price scenario with higher gas price of 0.1 €/kWh. This might change when public natural gas supply becomes very expensive or is no longer available.
Conclusions
Our research emphasizes the importance of regulatory framework for local energy systems for urban quarters and its impact on the optimal operation of such systems. It is highly relevant for investors to attain certainty about the future development of regulatory framework and receive a strong commitment on the future increase of CO2-prices and, therefore, prices for fossil energy carriers. Wrong assumptions of the regulatory framework cause inefficient investments in technology assets; however, a clear and stable political and regulatory framework development based on necessary climate goals for the near future can contribute to investments which can be operated with lower fossil fuel consumption. In the future, hydrogen can play a significant role in urban quarters as a local seasonal storage, especially with a transition to significantly higher natural gas prices. Our results show that investing in Power-to-Hydrogen and hydrogen storage is not profitable in the today’s framework. However, a complete decarbonization of urban quarters might require a carbon neutral chemical fuel as replacement for natural gas, especially in older buildings. Therefore, the economic and regulatory framework should provide incentives to invest in technologies which allow this transition.
