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Motivation
Currently, under the topic of energy transition, power sector is still the focus of attention. However, heat is the largest energy end-use, accounting for more than 50 % of final energy consumption [1]. Therefore, energy transition without heat sector cannot be successful. 
In Germany, fossil fuels such as natural gas and coal continue to dominate the energy supplies of district heating system (DHS) with a proportion of 70%, however, unlike electricity, renewable fuels such as various biomass meet only about 20 % [1]. This study proposes an intelligent power-to-heat (P2H) approach to realize an efficient and climate-friendly district heating supply.

Methodology
Gas heating is the most popular heating technology in Germany [2], because of its high efficiency, simple equipment, and low cost. To increase the share of renewable energy in transport and heating (buildings) sectors, Germany raises the price for CO2 emission to 25 euros per ton from 2021 [3]. 
This study analyzes the historical data of a district heating network and discusses the difficulty during the implementation of P2H concept from the economic, ecological and technological perspective. Ultimately, this study proposes a heat load forecasting model and a data-energy network for replacing gas heating with P2H.
Accurate load forecasting is crucial for network management tasks, not only for electricity consumption in power grids but also for heat demand in DHS [4]. Based on the forecast horizon, the method can be classified into short-term (hours till day), mid-term (days till weeks) and long-term (weeks till months) forecasting. Various Machine Learning (ML) models such as Support Vector Machines, Random Forests or Neural Networks, yield promising results for electricity demand [5] but can also be applied to heat load prediction [6]. In this study, day-ahead forecasting of heat load is used to reduce peak load by optimizing storage dimension and their operating strategies.

Results
Replacing gas heating with P2H faces challenges in many aspects: first, electricity as a heating source is cost-effective and energy efficient only in a few cases, such as negative electricity prices or excessive renewable electricity generation. Second, different electro-thermal conversion technologies and different placing plans (centralized and decentralized) in P2H concept led to complex discussions about investment cost, installation difficulty and end-user acceptance. Third, the concept to improve the economy and energy efficiency of DHS by combining P2H and heat load forecasting remains to be verified. Based on the analysis results of the above questions, this study proposes a data-energy network to implement P2H concept in DHS, as shown in Figure 1. Considering the cost-effectiveness of the implementation, this study focuses on the interconnection of P2H with DHS in the supply of summer base load and winter peak load.Figure 1: P2H concept including data and energy flows

In addition, this study presents a ML approach for heat load forecasting. Therefore, different models are trained and their prediction accuracy are compared. Based on this prediction, DHS operators are able to leverage storage systems and guarantee network stability and reliability. 
In this context, the combination of P2H and ML approach takes the first step towards an efficient, climate-friendly district heating supply.
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