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1 INTRODUCTION
As an unconventional energy source, natural gas hydrate is a polyhedral cage crystal formed by hydrogen bonding between methane and a small amount of non-hydrocarbon gases and water molecules under high pressure and low temperature (Sloan et al., 2007). Natural gas hydrates are widely distributed in permafrost and deep-water areas. The main methods of mining natural gas hydrate are depressurization method, heating method, inhibitor method, CO2 replacement method and solid exploitation method. The depressurization method and heating method are commonly used in the production of natural gas hydrate. The basic principle is to change the temperature and pressure of the environment where the hydrate is located, destroy the hydrate equilibrium state, and promote the decomposition of the hydrate into natural gas and water. Natural gas hydrate has attracted extensive attention of the state and industry due to its huge resource potential. It is known as one of the most promising strategic alternative energy sources for commercial development in the 21st century (Makogon et al., 2007). More than 30 countries around the world have successively formulated national key development strategies for natural gas hydrate and actively carried out hydrate exploration and development research (Yushan, 2012). Five countries including Japan, the United States, Canada, South Korea and China have carried out gas hydrate production (Le and He, 2021). On 17 February2020, the second round of pilot production was carried out in the water depth of 1,225 m. After 1 month of pilot production, the total gas production was 861400 m3 and the average daily gas production was 28700 m3, which was 2.8 times of the total gas production in the first round of 60 days (Li et al., 2018). China has become the world’s first country to use horizontal well drilling technology to test natural gas hydrate in the sea area (Ye and Qin, 2020). However, due to immature development technology, high cost, and environmental concerns, commercial exploitation of natural gas hydrate has not yet been realized.
2 PATENT ANALYSIS OF NATURAL GAS HYDRATE DEVELOPMENT TECHNOLOGY
Patent analysis has more reference significance for judging the Frontier, practicability and economic attributes of technology. Therefore, based on the INNOGRAPHY, this paper retrieves all patents published in 105 countries around the world by 5 January 2020. After manual screening and simple congregation processing, 3,993 patents related to natural gas hydrate development technology was obtained. The hydrate development technology analyzed in this paper refers to the development technology after drilling and completion, including laboratory experiments, numerical simulation, injection and production, flow simulation, new production methods and development technology.
As shown in Figure 1, in the last decade, the number of patents about natural gas hydrate applications has increased rapidly, and the development technology of natural gas hydrate is in a period of accelerated development. There is total 3,993 patents and 1,568 Chinese patents, accounting for 39.3% of the total patents. The United States, Japan and China have become hot spots for patent applications in turn. Due to the success of two trial production, China’s current patent application growth is the most prominent under the support of national policy.
[image: Figure 1]FIGURE 1 | Patent application trend of gas hydrate in major countries in the world.
Laboratory experimental research started early and developed rapidly. At present, it still accounts for a high proportion, indicating that the technical research in this field is still concentrated on basic theoretical research and laboratory production simulation. This is consistent with the fact that the exploitation of natural gas hydrates worldwide is still in the stage of basic research and short-term production, and the commercial exploitation is not really realized. It is worth noting that the number of patent applications for increasing production and lifting, development technology and equipment, which are closely related to the field exploitation of natural gas hydrate, has increased rapidly in recent years and has gradually become a technical hotspot.
3 DEVELOPMENT OF NATURAL GAS HYDRATE DEVELOPMENT TECHNOLOGY
The field test of natural gas hydrate is difficult, so the physical simulation experiment in laboratory has become the main measures to study the accumulation, production simulation and physical parameters of natural gas hydrate. The United States, South Korea, Germany, Japan and other countries have carried out research and development of natural gas hydrate physical simulation devices and experimental research (Phelps et al., 2001). In order to reduce the scale effect of the model, the physical simulation experiment devices are gradually large-scale. Guangzhou Institute of Energy Confusion, Chinese Academy of Sciences has developed a large-scale three-dimensional comprehensive experimental device for production wells with an internal volume of 2585 L. This device is the largest hydrate device that can be simulated internationally (Li and Chen, 2020). At the same time, the function of large-scale physical simulation experiment system is more comprehensive, which meets the needs of basic theoretical research in geology-development-engineering (Li and Wang, 2020). The application of acoustics, electrical method, time domain reflection technology (Ren et al., 2010), X-CT (Wang et al., 2018) and nuclear magnetic resonance spectroscopy (Meng and Liu, 2012) makes the experimental device of natural gas hydrate develop towards visualization and refinement, which provides basic knowledge and data for fine characterization and development technology of natural gas hydrate reservoirs.
At present, depressurization development is the most likely method for commercial development of natural gas hydrate. The latest research points out that the minimum critical production required for commercialization of natural gas hydrate is 160,000–250,000 m3 per day for a well (Chen et al., 2022). Compared with other unconventional oil and gas, commercial development of natural gas hydrate still depends on further technological breakthroughs, especially in terms of increasing production. Therefore, the development of natural gas hydrate development technology at this stage is in the direction of increasing production and reducing cost. In order to increase hydrate production, it is necessary to study the mechanism of efficient decomposition, flow simulation and heat transfer of natural gas hydrate in the target area (Zhao et al., 2014). From the perspective of expanding the decomposition area and improving the heat transfer capacity (Nair et al., 2018; Chandrasekharan Nair et al., 2019; Jian and Er-meng, 2021), various development methods such as comprehensive utilization of depressurization and heat injection, complex well types (Gao and Chen, 2021), well pattern development (Yu et al., 2020; Zhao and Feng, 2020) and reservoir stimulation to increase permeability (Too et al., 2018; Zhou and Xie 2021) were proposed. More and more researchers combine the above methods to achieve synergy and increase production (Feng et al., 2019; Lei and Lei, 2021).
The efficient development of natural gas hydrate needs to break through the development approach of the conventional oil and gas, and innovatively solve the problems of low permeability, weak cementation and complex hydrate occurrence types of gas hydrate sediments in deep-sea. For example, solid-state fluidization (Zhou and Li, 2014), using heat pipe and solar thermal chemical energy storage to realize heat injection (Lang and Cheng, 2021), using geothermal energy (Hou and Liu, 2019), flue gas heat (Song and Zheng, 2021) as heat source to inject into natural gas hydrate reservoir for development. Taking renewable energy as energy source, it is expected to achieve low-carbon development of natural gas hydrate in the future. In the future, the development of natural gas hydrate will take green, efficient and safe development as the ultimate goal, and will move towards the direction of new methods, new technologies, new processes and new equipment, such as physical simulation technology, numerical simulation technology, lifting technology, high-efficiency string and comprehensive monitoring system equipment for natural gas hydrate development based on fine characterization of natural gas hydrate reservoirs. By means of experimental simulation, numerical simulation and field application, innovative production methods, technical adaptability evaluation and technical optimization are carried out to support long-term production of natural gas hydrate and commercial development in the near future.
4 CONCLUSION

(1) This paper collects and analyzes global patent related to natural gas hydrate exploitation technology. Natural gas hydrate development technology is in a period of accelerated development. The United States, Japan and China have become the hot spots of patent applications.
(2) Due to the success of two trials, China’s current patent application growth under the support of national policy is the most prominent, and is most likely to become the first country to achieve commercial development in the future.
(3) As the basic measures of hydrate research, laboratory experimental research started early and developed rapidly, and still accounts for a high proportion at this stage. The physical simulation experiment device for natural gas hydrate development is developing towards the direction of large-scale, integration, diversification and visualization of test methods.
(4) At present, the development of natural gas hydrate development technology focuses on improving production and reducing costs. Therefore, efficient, green and safe production-increasing methods and technologies are the focus of attention in this field.
(5) In order to improve the production of natural gas hydrate, we should start from efficient decomposition, enhanced seepage and heat transfer, and innovate development ideas. If renewable energy is used as energy source, it is expected to achieve low-carbon development of natural gas hydrate in the future.
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