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Abstract： With the continuous growth of global energy demand and increasingly severe environmental 

issues, clean coal technology has garnered significant attention as a crucial means to mitigate the 

negative environmental impacts of coal utilization. However, traditional clean coal conversion 

technologies often suffer from low energy utilization efficiency and insufficient environmental pollution 

control. In recent years, the application of new energy technologies in the clean coal conversion process 

has shown tremendous potential, significantly optimizing energy conversion efficiency, reducing 

emissions, and enhancing economic benefits. This paper systematically explores the application of solar 

energy, wind energy, and biomass energy in clean coal conversion, analyzes the mechanisms and 

methods through which new energy technologies optimize the clean coal conversion process, and 

proposes future research directions and policy recommendations. 
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Introduction 

As globalization accelerates, the conflict between energy consumption and environmental protection 

becomes increasingly prominent. Coal, as one of the world's primary energy sources, will continue to 

play a significant role for a considerable period due to its abundant reserves and low cost. However, the 

massive pollutants generated during coal utilization pose a severe threat to the environment. Clean coal 

technology has thus emerged, aiming to enhance coal utilization efficiency and reduce pollutant 

emissions through advanced technological means, achieving environmentally friendly coal utilization. 

Therefore, in-depth research on the optimization and application of new energy technologies in the clean 

coal conversion process holds significant theoretical significance and practical value. 

1. Overview of Clean Coal Conversion Technology 

1.1 Definition and Classification of Clean Coal Technology 

Clean Coal Technology (CCT) refers to a series of advanced technological measures aimed at 

reducing pollutant emissions throughout the coal lifecycle, from mining to utilization, enhancing coal 

use efficiency, and ultimately achieving environmentally friendly, efficient, and safe coal utilization. The 

core of clean coal technology lies in minimizing the environmental impact during coal combustion, 

conversion, and utilization processes. 

Clean coal technology can be classified based on its functional stages and technical characteristics, 

mainly including the following categories: 

Coal Washing and Processing Technology: This involves the removal of impurities from coal through 

physical or chemical methods to increase its calorific value and combustion efficiency, thus reducing 

pollutant emissions. Examples include heavy media separation, flotation, and magnetic separation 

technologies. 

Coal Gasification Technology: This converts coal into combustible gases (such as syngas) under 

high-temperature and high-pressure conditions, removing harmful substances through chemical reactions 



to achieve efficient and clean energy utilization. Common gasification technologies include fixed-bed 

gasification, fluidized-bed gasification, and entrained-flow gasification. 

Coal Liquefaction Technology: This process converts coal into liquid fuels and includes both direct 

and indirect liquefaction. Direct liquefaction involves catalytic hydrogenation to directly convert coal 

into liquid fuel, while indirect liquefaction involves gasifying coal to produce syngas, which is then 

converted into liquid fuel through processes like the Fischer-Tropsch synthesis.[1] 

Coal Combustion Technology: This involves improving combustion methods and equipment to 

enhance combustion efficiency and reduce pollutant emissions. Examples include supercritical and ultra-

supercritical coal-fired power generation technology, circulating fluidized bed combustion technology, 

and pulverized coal combustion technology. 

Pollution Control Technology: This encompasses various measures to control pollutant emissions 

during coal combustion and conversion, including flue gas desulfurization, denitrification, and dust 

removal technologies. 

1.2 Current Status and Challenges of Clean Coal Conversion 

Clean coal conversion technology has made significant progress globally but still faces numerous 

challenges. The current status highlights the following aspects: 

Technology Application and Promotion: In recent years, with continuous technological 

advancements, clean coal technology has gradually been promoted in industrial applications. For 

example, supercritical and ultra-supercritical coal-fired power generation technologies have been widely 

adopted in power plants, improving power generation efficiency and reducing carbon dioxide emissions. 

Coal gasification and liquefaction technologies have also been applied in the chemical and energy sectors. 

However, the commercial application of some advanced technologies remains limited by high costs and 

complex technical requirements. 

Environmental Benefits: Clean coal technology has demonstrated significant performance in 

emission reduction. Modern flue gas desulfurization and denitrification technologies effectively control 

sulfur dioxide and nitrogen oxide emissions, significantly reducing the formation of acid rain and smog. 

Coal gasification technology achieves low-pollution energy utilization through the clean combustion of 

syngas. Nevertheless, complex environmental management issues still need to be addressed in practical 

applications. 

Policies and Regulations: Governments worldwide have formulated relevant policies and regulations 

to promote the development and application of clean coal technology. For instance, China, the United 

States, and the European Union have introduced policies and subsidies supporting clean coal technology. 

However, the intensity and implementation of these policies vary among countries, affecting the global 

promotion of the technology.[2] 

Despite significant achievements, the promotion and application of clean coal conversion technology 

still face several challenges: 

Technical Challenges: Some clean coal technologies are still in the research and development phase 

and lack the maturity needed for large-scale application. For instance, coal direct liquefaction technology 

faces technical bottlenecks in catalyst selection and reaction condition control, hindering its commercial 

progress. 

Economic Costs: Implementing clean coal technology requires substantial capital investment, 

including equipment procurement, operation and maintenance, and pollution control costs. The high costs 

pose economic pressure on some enterprises, affecting the promotion and application of the technology. 

Environmental and Safety Issues: Although clean coal technology excels in emission reduction, new 

environmental and safety issues must be addressed in actual operations. For example, the by-products 

and wastewater treatment problems in the coal gasification process and the high-temperature and high-



pressure reaction conditions in the coal liquefaction process impose stringent safety requirements on 

equipment. 

2. Application of New Energy Technologies in Clean Coal Conversion 

2.1 Application of Solar Energy Technology in Coal Conversion 

As a clean and renewable energy source, solar energy technology has shown immense potential in 

the clean coal conversion process. It can be integrated with coal conversion processes in various ways to 

enhance energy utilization efficiency and reduce pollutant emissions.[3] 

Firstly, solar-assisted coal gasification technology represents an innovative application of solar 

energy combined with coal conversion. This technology integrates a solar thermal collection system to 

provide high-temperature heat, facilitating the coal gasification reaction. The solar thermal collection 

system uses concentrators to convert solar energy into high-temperature thermal energy, which directly 

heats the coal in the gasifier, increasing gasification efficiency and reducing dependence on fossil fuels. 

For instance, concentrated solar power can raise the gasifier's temperature to over 1000 degrees Celsius, 

effectively promoting coal pyrolysis and gasification to produce clean syngas (H2 and CO). 

Secondly, solar pyrolysis of coal has also seen significant progress in research. Solar pyrolysis 

technology employs solar collectors to provide the high-temperature heat needed to pyrolyze coal in an 

oxygen-free environment, producing high-value chemicals and gaseous fuels. Compared to traditional 

pyrolysis processes, solar pyrolysis can reduce CO2 and other pollutant emissions, offering notable 

environmental benefits. 

Additionally, solar energy can be combined with coal combustion processes to improve combustion 

efficiency. For example, using solar energy to preheat air or fuel can raise combustion temperatures, 

reduce fuel consumption, and decrease pollutant emissions. This solar preheating technology has been 

applied in some coal-fired power plants, effectively improving combustion efficiency and environmental 

performance. 

2.2 Application of Wind Energy Technology in Coal Conversion 

Wind energy technology, another renewable energy source, can also play a crucial role in the clean 

coal conversion process. The application of wind energy not only provides clean electricity but can also 

be integrated with coal conversion processes in various ways to optimize coal utilization. 

Firstly, wind-coal co-generation technology is an effective application method. This technology uses 

wind power generation systems to provide clean electricity, supporting the operation of coal-fired power 

plants. By integrating wind power generation with coal power plants' grid systems, wind and coal power 

can complement each other, reducing coal consumption and pollutant emissions while enhancing overall 

energy utilization efficiency. For example, in regions rich in wind resources, wind power generation can 

provide ample electricity during strong winds, reducing the operational load of coal power plants and 

decreasing coal consumption and emissions.[4] 

Secondly, wind-driven coal conversion equipment is another application worth exploring. Wind 

energy can provide mechanical or electrical energy to drive coal gasification, liquefaction, and other 

conversion equipment. For instance, wind energy can drive the stirring devices or compressed air systems 

of gasifiers, improving gasification efficiency and reducing dependence on fossil fuels. Moreover, wind 

energy can power compressors and pumps in coal liquefaction processes, enhancing the energy 

utilization efficiency of liquefaction. 

Furthermore, wind energy technology can be combined with other renewable energy technologies to 

form integrated energy systems with multiple sources. For example, combining wind and solar energy 

can use wind and photovoltaic systems to provide clean electricity, supporting the power needs of the 

coal conversion process and further improving energy utilization efficiency and environmental 

performance. 



2.3 Biomass and Coal Co-Conversion Technology 

Biomass energy, an important renewable energy source, combined with coal co-conversion 

technology, provides a new development path for clean coal conversion. Biomass and coal co-conversion 

technology can enhance energy utilization efficiency, achieve comprehensive resource utilization, and 

reduce environmental pollution. 

Firstly, biomass and coal co-combustion technology is a common application method. By mixing 

biomass materials (such as wood chips, straw, etc.) with coal and co-converting them during combustion, 

combustion efficiency can be significantly improved, and the emissions of sulfur dioxide, nitrogen oxides, 

and other pollutants can be reduced. For example, adding a certain proportion of biomass materials to 

coal-fired power plants can utilize the high volatile matter characteristics of biomass to promote coal 

combustion, enhancing overall combustion efficiency and environmental performance. 

Secondly, biomass and coal co-gasification technology also has broad application prospects. Biomass 

and coal are co-converted in a high-temperature gasifier to produce clean fuels like syngas (H2 and CO). 

Co-gasification technology can utilize the complementary characteristics of biomass and coal, improving 

gasification efficiency and reducing tar and ash production. For example, in a fluidized bed gasifier, the 

co-gasification of biomass and coal can significantly increase the yield of syngas and reduce pollutant 

emissions, achieving efficient utilization of clean energy.[5] 

Additionally, biomass and coal co-conversion technology can be used to produce high-value 

chemicals and fuels. Through the synergistic pyrolysis or liquefaction of biomass and coal, liquid fuels, 

chemical intermediates, and other products can be generated, offering high economic and environmental 

benefits. For instance, using biomass and coal co-liquefaction technology can produce synthetic oil, 

syngas, and other high-value products while reducing dependence on petroleum resources, presenting 

broad application prospects. 

3. Mechanisms and Methods for Optimizing the Clean Coal Conversion Process with New Energy 

Technologies 

3.1 Energy Conversion and Utilization Efficiency Optimization 

New energy technologies can significantly optimize energy conversion and utilization efficiency in 

the clean coal conversion process, thereby enhancing the overall economic and sustainability of the 

process. The following are several methods for optimizing energy conversion and utilization efficiency: 

Solar-Assisted Systems: Solar energy technology plays an important role in coal gasification and coal 

liquefaction processes. By providing high-temperature heat sources through solar collectors, the reliance 

on traditional fossil fuels is reduced, and reaction efficiency is improved. For example, solar pyrolysis 

technology can achieve efficient pyrolysis of coal with lower energy consumption, generating high-

value-added gases and liquid fuels. 

Wind-Driven Equipment: Wind energy, as a clean energy source, can be used to drive key equipment 

in the coal conversion process, such as compressors, pumps, and stirrers. The electricity generated by 

wind power systems can directly supply the energy needed for processes like coal gasification and coal 

liquefaction, improving overall energy utilization efficiency. For instance, wind-driven coal gasification 

devices can enhance the efficiency of gasification reactions without increasing additional fossil energy 

consumption. 

Biomass and Coal Co-Conversion: The co-conversion technology of biomass and coal utilizes the 

high volatile matter characteristics of biomass to promote the combustion and gasification process of 

coal, effectively improving energy utilization efficiency. In co-combustion or co-gasification processes, 

the synergistic effect of biomass and coal results in more thorough combustion and gasification reactions, 

reducing the production of unburned carbon and waste residues, and enhancing comprehensive energy 

utilization. 



3.2 Optimization of Reaction Conditions and Process Parameters 

Optimizing the reaction conditions and process parameters in the clean coal conversion process is 

key to improving process efficiency and product quality. The following are several optimization methods: 

Temperature Control: In solar-assisted coal gasification and liquefaction processes, temperature is a 

crucial parameter that affects reaction rates and product distribution. By precisely controlling the 

temperature of the solar collectors, reaction conditions can be optimized to improve gasification or 

liquefaction efficiency. For example, maintaining a constant high temperature in solar pyrolysis of coal 

helps produce more combustible gases and reduces the generation of tar and other by-products. 

Pressure Adjustment: Wind and biomass energy technologies can enhance reaction efficiency in the 

coal conversion process by adjusting system pressure. Wind-driven compressors can provide high-

pressure conditions to promote gasification reactions, while in biomass and coal co-gasification 

technology, adjusting the pressure in the gasifier can control the composition and yield of syngas, 

optimizing reaction product distribution. 

Reaction Time and Catalyst Selection: In the clean coal conversion process, reaction time and catalyst 

selection significantly impact reaction efficiency and product quality. By optimizing reaction time to 

ensure full reaction, product yield and purity can be increased. Additionally, selecting suitable catalysts, 

such as high-activity, long-life metal oxide catalysts, can significantly enhance the efficiency and 

selectivity of coal gasification and liquefaction reactions. 

3.3 Optimization of Environmental Impact and Emission Control 

3.3.1 Pollutant Capture and Treatment 

In solar and wind-assisted coal conversion processes, efficient pollutant capture and treatment 

technologies, such as flue gas desulfurization and denitrification, and particulate matter capture, can be 

employed to reduce harmful substance emissions. Solar collector systems can decompose organic 

pollutants at high temperatures, reducing sulfur dioxide (SO₂) and nitrogen oxides (NOx) emissions. For 

example, solar pyrolysis technology can decompose organic impurities in coal at high temperatures, 

reducing the generation of harmful gases. Wind-driven dust and desulfurization equipment can efficiently 

capture and treat particulates and sulfides in flue gas through physical and chemical methods. 

Specifically, solar thermochemical reactors can be used to decompose and convert pollutants. For 

instance, high-temperature decomposition reactors can treat tar and other organic pollutants produced 

during the coal conversion process, effectively reducing pollutant concentrations. Wind-driven 

electrostatic bag composite dust collectors can utilize electricity to capture and treat fine particulates in 

flue gas, achieving higher dust removal efficiency. Additionally, combining selective catalytic reduction 

(SCR) technology with wind-driven catalytic reactors can efficiently remove nitrogen oxides from flue 

gas, reducing acid rain and photochemical smog formation. 

3.3.2 Carbon Capture and Storage 

Biomass and coal co-conversion technology can be combined with carbon capture and storage (CCS) 

technology to significantly reduce carbon dioxide (CO₂) emissions. Co-gasification of biomass and coal 

can produce high concentrations of syngas (mainly hydrogen H₂ and carbon monoxide CO), facilitating 

subsequent CO₂ capture and treatment. CCS technology can store the captured CO₂ underground or 

convert it into valuable chemicals, achieving carbon recycling and emission control. 

For example, in the co-gasification process, efficient gas separation technology can separate high-

purity CO₂ from syngas, which can then be transported to underground storage sites for geological 

sequestration through compression and transportation technology. Another direction is to convert the 

captured CO₂ into chemicals, such as using electrochemical reduction technology to convert CO₂ into 

methanol, ethylene, and other chemical products, not only achieving carbon utilization but also creating 

economic value. 



3.3.3 Ecological Benefit Assessment and Optimization 

In the clean coal conversion process, the introduction of new energy technologies can achieve higher 

ecological benefits. Comprehensive ecological benefit assessment includes indicators such as energy 

utilization efficiency, pollutant emission reduction, and ecological environmental impact to optimize 

process flow and parameters, ensuring the environmental friendliness of the clean coal conversion 

process. 

First, a comprehensive ecological benefit assessment model can be established to evaluate the energy 

utilization efficiency and environmental impact of different process routes. Comparative analysis can 

help select process routes with minimal pollutant emissions and highest energy utilization efficiency. For 

example, in solar-assisted coal gasification, dynamic simulation and optimization technology can 

evaluate and optimize solar utilization rates to ensure stable operation under different seasonal and 

weather conditions. 

Secondly, life cycle assessment (LCA) is an effective tool for ecological benefit assessment, 

systematically evaluating the environmental impact of the entire clean coal conversion process from raw 

material extraction, production, use to disposal. LCA analysis can identify and quantify environmental 

impacts at each stage, propose improvement measures, optimize process flows, and reduce overall 

environmental load.[6] 

Additionally, building an environmental monitoring and feedback system is crucial. Through real-

time monitoring and data feedback, process parameters can be dynamically adjusted and optimized to 

ensure pollutant emissions meet environmental standards, minimizing environmental impact. For 

example, using IoT technology and big data analysis, an intelligent monitoring system for the clean coal 

conversion process can be established to monitor emission data in real-time, promptly identify and 

address anomalies, and ensure the environmental performance of the process. 

Conclusion 

Solar energy technology has significant advantages in clean coal conversion, effectively improving 

energy conversion efficiency and reducing CO₂ emissions through solar-assisted coal gasification and 

pyrolysis processes. Wind energy technology applications, such as wind and coal combined power 

generation, not only provide stable power support but also achieve more efficient coal utilization through 

wind-driven coal conversion equipment. Biomass and coal co-conversion technology shows broad 

application prospects, especially in mixed combustion and co-gasification technology, achieving 

comprehensive resource utilization and significant reduction of pollutant emissions. In the future, further 

enhancing the application effect of new energy technologies in clean coal conversion can deepen 

technological research and innovation: continue to develop and improve new processes and equipment 

for solar, wind, and biomass energy in clean coal conversion, improving energy utilization efficiency and 

economic benefits. 
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