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Abstract: Under the background of accelerating the construction of a clean, low-carbon, safe and efficient energy system, the coal
industry, the oil and gas industry and the renewable energy generation industry are facing a variety of development difficulties. In
order to promote the organic integration and high-quality development of these industries, this paper sufficiently investigates the basic
conditions for the integrated development of these energy industries and proposes the connotation of constructing low-carbon energy
ecosystem based on in-situ coal clean conversion technology (ISCCC) of medium-deep coal. Then, the strategy and technical route of
low-carbon energy ecosystem are formulated by analyzing the development basis and technological advantages of medium-deep ISCCC.
And the following research results are obtained. First, ISCCC is the material basis of low-carbon energy ecosystem. CH,, tar, CO, low
carbon hydrocarbons and other products can be used to supply oil and gas or chemical raw materials; H, can be used for peak shaving
of clean electricity through fuel cell generation; the by-products CO, and N, can be used for gas flooding to enhance the recovery
factor of low permeability oilfields; waste heat generation can be used to reduce production energy consumption; and the abandoned
gasification cavity can be used for CO, storage or transformed into underground gas storage. Second, ISCCC can organically integrate the
five energy fields of oil, gas, heat, electricity and hydrogen with the chemical industry, effectively solving the development dilemma of
energy industries while achieving the economic benefits of coordinated development. It is an important support for the comprehensive
integrated development of traditional fossil energy and renewable energy. Third, by taking "oil and gas production increase, collaborative
development", "natural gas replacement, blue hydrogen production"”, "clean transformation dominated by hydrogen and electricity" as the
stage goals, the commercial development of ISCCC will be gradually realized through "medium, deep and ultra-deep coal". By 2050, the
clean transformation of nearly half of the coal production capacity will have been realized by virtue of the medium-deep ISCCC project,
and a low-carbon energy ecosystem will have been built up. In conclusion, the low-carbon energy ecosystem which is constructed on the
basis of ISCCC can build up a bridge for the comprehensive integrated development of traditional fossil energy and renewable energ,
which will profoundly change the pattern of China's energy industry. This is which is a development path for clean transformation of
traditional energy that conforms to China's national conditions and characteristics.

Keywords: In-situ coal clean conversion; Low carbon; Natural gas; Hydrogen; Coal cavern gas storage; Clean transformation; Ecosystem;
Integrated development
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