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1 INTRODUCTION
With the accelerated industrialization and urbanization over the past decades and consequent greenhouse gas emissions, climate change has today become a major challenge faced by mankind. To tackle these challenges, a number of countries worldwide have set ambitious targets to reduce carbon emissions substantially in the future (Dong et al.). As the largest source of carbon emissions, the energy sector plays a responsible role in achieving low carbon energy transition (Bamisile et al., 2022).
Given the worldwide background of low carbon energy transition, key carbon capture technologies have been developed rapidly, such as quantitatively evaluating carbon intensity and tracing carbon flow from generation to consumption (Lin and Li, 2022). Moreover, under the increasing penetration of renewable energy sources within power systems, it is urgent to handle the uncertainties caused by intermittent renewable energy output to maintain the reliability and stability of the power grid operations (Hua et al., 2019). Recently, with enabling technologies to achieve decarbonization, machine learning is becoming increasingly important in modelling, planning, operation, and control of the entire energy chain from different energy mixes of electricity, thermal, and natural gas to end-users, e.g., buildings, transportation. Notably, with the digitalization of the energy systems, massive amounts of data from a wide range of sources are available, which makes machine learning applications in the energy industry possible (Hua et al., 2022), including carbon emission estimation, renewable energy output, load forecasting and cybersecurity. With these new developments, it is necessary to integrate these data-driven technologies with model-based methods for achieving the powerful performance to support low carbon energy transition.
This Research Topic aims to attract innovative ideas and interdisciplinary research in energy sectors to support low carbon energy transition. This Research Topic has brought together recent developments in the following four areas: intelligent modelling and optimization for low-carbon energy system operation and control, data analytics of cyber-physical system security for low-carbon energy systems, machine learning based power load forecasting technologies, other machine learning applications.
2 INTELLIGENT MODELING AND OPTIMIZATION FOR LOW-CARBON ENERGY SYSTEM OPERATION AND CONTROL
A high penetration of various renewable energy is important for the improvement of low carbon energy transition. In Li et al., a coordinated control strategy for multi-energy heterogeneous loads (MEHL) is proposed to optimize green residences energy systems. It shows that the proposed strategy can effectively reduce carbon emissions and satisfy the basic resident comfort. Finally, it is pointed that, in the future, similar scenarios consisting of green residences would be extended, and data-driven technologies based on machine learning can be adopted to solve the low-carbon energy dispatching problems from large residential population. The authors in Sun et al. focus on developing a compensation method for the load reduction via renewable energy enterprises. Considering the uncertain renewable generation affecting power balance during peak load periods, the authors use a multi-round sequential auction method to determine the reduced and non-reduced loads. The analysis of the algorithm shows that the proposed scheme can reliably ensure the balance of power supply during the peak period of power system.
3 DATA ANALYTICS OF CYBER-PHYSICAL SYSTEM SECURITY FOR LOW-CARBON ENERGY SYSTEMS
As the continuous informatization and intellectualization development of energy systems, physical systems would be subject to security crisis from the information network system (Qin et al., 2021), which could impact the accuracy and integrity of energy systems data, e.g., carbon emissions. It is therefore vital to consider how to address the concerns of the energy system’s safe and reliable operation. Zhao et al. propose an information attack scenario simulation method based on N-n predicted fault set for the case of the cyber physics system (CPS) on the basis of electricity-gas integrated energy system (EGIES). The proposed approach which is tested in IEEE57-NGS20 electricity-gas integrated system can significantly improve the ability of energy system to resist cyber-attack.
4 MACHINE LEARNING BASED POWER LOAD FORECASTING TECHNOLOGIES
Machine learning has recently gained considerable research interest in power load forecasting (Yao et al.). Mu et al. propose a novel power load forecasting method based on an improved long short-term memory (LSTM) neural network. Compared with the conventional convolutional neural network (CNN) and recurrent neural network (RNN), the sequence-to-sequence (Seq2Seq) structure combining with LSTM model can reflect the sequence dependence between the output labels to improve the forecast accuracy. In this paper, the effectiveness of the LSTM-Seq2Seq method by performing simulations from two different datasets is verified. Besides, Yu et al. propose a fully-connected deep neural network (FDNN) based on the clustering results to predict the residential load. Compared to result without clustering, the proposed method could improve the accuracy of residential load forecast by 5.21%.
5 OTHER MACHINE LEARNING APPLICATIONS
For mitigating the uncertainty of grid operation caused by large-scale integration of renewable energy, Wang et al. propose a probabilistic power flow calculation method called principal component analysis-based compressive sensing (PCA-CS). Specifically, it includes a PCA step to increase the sparsity of expansion coefficient and adopts the idea of CS to reduce the number of expansion basis functions. In theory, a similar idea can be adopted when compressing the data transmitted between the neural network layers to improve the efficiency of model training. Practically, on the other hand, this method can help to improve the efficiency and accuracy of simulation and operation optimization of distribution networks, especially the medium and low voltage distribution networks connected with a large number of distributed generators and loads.
6 CONCLUSION
In summary, there are significant challenges associated with both renewable energy integration and the acceleration of industrialization and urbanization, which technologies such as machine learning can contribute to address. It is hoped that this Research Topic provides useful contents for further research in this area.
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