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Abstract 
With the acceleration of global warming, the development of low-carbon energy has 
become an important task of the times. As a clean, low-carbon energy source, hydrogen 
energy has been valued and supported by the Chinese government. In 2021, the Chinese 
government's "Guiding Opinions of the State Council on Accelerating the Establishment 
and Improvement of the Economic System for Green, Low-Carbon and Circular 
Development" pointed out that it is necessary to establish an economic system for green, 
Low-carbon circular development, and strive to achieve the goal of "carbon peaking and 
carbon neutrality". This goal is of great significance for realizing China's high-quality 
sustainable development, alleviating the greenhouse effect, and building a community 
with a shared future for mankind. As a representative of clean energy, hydrogen energy 
will play an important role in the road to climate change and play a great role. However, 
the utilization of hydrogen energy in my country has just started. Due to the weak 
industrial foundation and imperfect industrial chain, fossil fuels are usually used in the 
production of hydrogen, so the consequences are self-evident. Therefore, the author 
describes in detail a variety of new energy hydrogen production technologies, compares 
them, and discusses the development status and application improvement directions of 
new energy hydrogen production technologies. 
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1. Introduction 

Environmental pollution and energy problems are becoming more and more serious, which are 
threatening people's normal production and life. Therefore, people have been constantly exploring 
the field of green energy. With the gradual and rapid transition of the global energy structure to low-
carbon energy, hydrogen energy will be indispensable in the clean transformation of the future energy 
system. Hydrogen energy is currently the most ideal energy source. It has more favorable advantages 
with new energy sources such as solar energy, nuclear energy, geothermal energy, and biomass 
energy. It can be directly burned, and the raw materials are basic and abundant. Moreover, it burns 
high heat and has no pollution, which is incomparable with traditional energy sources such as coal 
and oil. Solving the existing problems in the utilization of hydrogen energy is an urgent need of the 
Chinese government. 
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2. Hydrogen Energy 

2.1 Characteristics of Hydrogen Energy 

(1) Abundant reserves 

As a secondary energy source, hydrogen energy is different from the direct mining of coal, oil and 
natural gas. It is produced by using other energy sources through certain methods. Hydrogen exists 
in many forms on the earth, the most important form is water and hydrocarbons such as petroleum. 
Water is one of the most abundant resources on the earth. The surface of the earth is covered by 70% 
of the water. There are also many hidden groundwaters in the earth. Water is the "hydrogen ore" that 
can be seen everywhere on the earth[1], so the raw materials for hydrogen extraction are abundant. 

(2) High availability 

①High calorific value: Except for nuclear fuel, the calorific value of hydrogen is the highest among 
all fossil fuels, chemical fuels and biofuels. 

②Recyclability: The water produced by the combustion of hydrogen can also continue to produce 
hydrogen and be recycled for many times; it can be used in various forms: it can not only generate 
thermal energy through combustion, generate mechanical work in a heat engine, but also be used as 
an energy material for combustion batteries, or be converted into solid hydrogen as a structural 
material. 

③Green energyCom: pared with other energy sources, hydrogen is the cleanest when burned, and it 
does not produce environmentally harmful pollutants such as carbon monoxide, carbon dioxide, lead 
compounds and dust particles, except to generate water and a small amount of hydrogen nitrogen, 
which can reduce the greenhouse effect. 

(3) Storability 

Hydrogen can be easily stored on a large scale, and in some places with excess power resources, it 
can be stored in the form of hydrogen, reducing energy waste. This feature is also one of the important 
reasons why hydrogen energy has become an important clean energy for the clean transformation of 
the future energy system. 

2.2 The Application Value of Hydrogen Energy 

(1)"Hydrogen" Industry 

So far, China is still dominated by industrial raw materials, but hydrogen energy has been applied in 
some fields. According to statistics, in petrochemical, iron and steel metallurgy and other fields, about 
90% to 95% of the hydrogen consumption is consumed, of which the chemical industry accounts for 
the highest hydrogen consumption of synthetic ammonia, followed by the petroleum refining industry. 
In the future, the application prospect of hydrogen in metallurgy is very optimistic. Hydrogen can be 
used as a clean fuel and also as a reducing gas. On the other hand, hydrogen can protect metals from 
being oxidized when reducing metal oxides to metals. 

(2)"Hydrogen" transportation 

In the transportation industry, using hydrogen fuel as power, vehicles can achieve zero carbon 
emissions. Compared with electricity, hydrogen power has a longer battery life and is more suitable 
for low temperature environments. At the same time, the hydrogen charging speed is much faster than 
the charging speed, saving more time. Therefore, hydrogen power has more advantages in the 
application of freight trucks and long-distance buses. If hydrogen power is widely used in vehicles to 
replace traditional fuel, it will be very beneficial to improve the greenhouse effect. 

(3)Other directions 

In addition to industry and transportation, hydrogen also has great potential in other industries. In the 
building industry, fuel cell combined heat and power systems powered by hydrogen are used to supply 
heat and power to buildings. In the medical field, hydrogen is used to remove oxidative radicals and 
treat oxidative damage. 
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3. Hydrogen Classification 

In the hydrogen production process, hydrogen is divided into gray hydrogen, blue hydrogen and green 
hydrogen according to the intensity of carbon emission. Hydrogen produced by processes such as 
coal-to-hydrogen and natural gas-to-hydrogen has the highest carbon emission intensity and is called 
gray hydrogen. It has mature technology and is suitable for large-scale hydrogen production and has 
obvious cost advantages. 96% of the hydrogen supply in the market is produced from fossil fuels . 
Blue hydrogen is divided into two manufacturing methods, one is hydrogen production from fossil 
fuels with carbon capture and storage (CCS) technology, and the other is industrial by-product 
hydrogen, which has a lower carbon emission intensity than grey hydrogen. Hydrogen obtained from 
renewable energy and nuclear energy is green hydrogen, which produces almost no carbon emissions 
during the production process.  

From an environmental point of view, electrolysis of water is the best way to produce hydrogen. 
Combustion of hydrogen energy can also generate water, which is circulated back and forth. However, 
electrolysis of water to produce hydrogen is costly and requires abundant electrical energy, and 
primary energy is used in the process of power generation, which fundamentally still fails to achieve 
the purpose of protecting the environment.  

 

 
Fig. 1 Hydrogen classification 

4. New Energy Hydrogen Production 

New energy hydrogen production: The methods include wind power/photoelectric electrolysis of 
water for hydrogen production, biomass hydrogen production, biomass gasification for hydrogen 
production, solar thermal water splitting for hydrogen production, solar photocatalytic water splitting 
for hydrogen production and so on. As shown in Figure 2.  

In the terminology of energy resources, new energy (NE), also known as unconventional energy, 
refers to various forms of energy other than traditional energy, and also refers to energy that has just 
begun to be developed and utilized or is being researched and yet to be promoted, such as solar energy, 
Geothermal energy, wind energy, ocean energy, biomass energy and nuclear fusion energy, etc. 
Compared with traditional energy sources, new energy sources basically produce green hydrogen 
when producing hydrogen. The so-called green hydrogen refers to hydrogen obtained by 
decomposing water using renewable energy. When it is burned, only water is produced, and zero 
carbon dioxide emissions are realized from the source. It is a pure green new energy and plays an 
important role in the global energy transformation. 
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Fig. 2 Types of new energy hydrogen production 

4.1 Hydrogen Production from Wind Energy 

 
Fig. 3 Structure diagram of wind power grid-connected hydrogen production system 
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The use of wind energy hydrogen is to use excess wind power to decompose water into hydrogen and 
oxygen by electrolytic grooves.Among the hydrogen energy greening technology, the most common 
is electrolytic hydrogen -making technology.Electrochemical reactions of electrolytic water include 
the oxidation reactions that occur on the cathode with negative charges and the anode on the anode 
with positive charge.Regarding the differences in electrolytic hydrogen, according to the electrolyte, 
the currently considered large -scale electrolytic hydrogen technology is mainly divided into 3 
types:Alkaline water electrolysis, AWE;Proton exchange membrane, PEM;Solid oxide electrolysis, 
SOEC. We take alkaline electrolytic and wind power electrolyte hydrogen as an example.Alkaline 
electrolytic is the most commercialized method of electrolytic hydrogen. The cost is lower than other 
methods, and the operation is not complicated.What’s more, raw materials such as NaOH or KOH 
water solution are easy to obtain, but it also has the disadvantages of strong corrosiveness and large 
volume quality. [2] If you want to combine renewable energy such as wind energy and alkaline 
electrolytic, you can use excess wind power to make green hydrogen. The system mode is shown in 
picture 3.  

4.1.1 Wind Energy -making Advantages and Disadvantages 

Advantages: The electrochemical reaction process of electrolytic water is almost completely clean 
hydrogen -making process. In the process. On the one hand, wind energy itself is renewable energy 
and green energy. On the other hand, the hydrogen made of electrolyte hydrogen is all green hydrogen, 
so the two are the advantages of new energy hydrogen when combining the two. 

Disadvantages: Due to the insufficient power made by renewable energy, it is not stable and 
intermittent volatility, and it looks efficient enough and high cost when combining with fast 
fluctuations. [2]. 

4.1.2 The Current Status of the Development of Hydrogen Production Technology 

For the development status of wind power and optical electricity hydrogen, the earliest introduction 
of renewable energy hydrogen -making and transformed into power to gas(P 2 G) concept is Germany. 
The actual application of the technology earlier was Germany and the United States. At present, there 
are 45 P 2 G projects that have been operated and under construction alone. In addition, a region in 
Hebei, China combines wind electrolyte hydrogen and alkaline electrolytic to make hydrogen 
production .[3]. 

4.2 Biological Hydrogen Production 

That is, hydrogen production from biomass through gasification and microbial catalytic 
dehydrogenation. A general term for the production of molecular hydrogen in the process of 
physiological metabolism. About Biological Hydrogen Production, there are two technologies: 
microbial hydrogen production and biomass gasification hydrogen production. Microbial hydrogen 
production can be divided into three types: photolysis of water, hydrogen production by anaerobic 
bacteria, and hydrogen production by photosynthetic bacteria. Hydrogen production by photolysis of 
water is a hydrogen production method in which some algae and eukaryotes such as cyanobacteria 
decompose organic matter through photosynthesis under anaerobic conditions. Hydrogen production 
by anaerobic bacteria is a hydrogen production method in which anaerobic hydrogen-producing 
bacteria decompose organic matter into hydrogen under dark anaerobic conditions. Hydrogen 
production by photosynthetic bacteria is a way of generating hydrogen by photosynthetic bacteria 
decomposing organic matter under anaerobic conditions[4]. Biomass gasification for hydrogen 
production refers to heating the treated biomass resources in a gasification medium such as air, 
oxygen, and water vapor to 700 degrees Celsius or above, and decomposing the biomass into a rich 
gas in a high-temperature gasification medium. 

4.2.1 Advantages and Disadvantages of Biological Hydrogen Production 

Advantages: my country has a large population base, and the development of animal husbandry and 
agriculture is relatively large, and human and animal manure, straw, sawdust, straw, wheat straw, etc. 
can be used to produce hydrogen from biomass. Photolysis of water for hydrogen production uses 
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water as the raw material, and the solar energy conversion rate is high. The raw material for hydrogen 
production by anaerobic bacteria can use many industrial and agricultural wastes, and it is not 
restricted by oxygen, so the cost is low. Compared with the first two kinds of hydrogen production 
by photosynthetic bacteria, its reaction process is not restricted by oxygen. 

Disadvantages: The process of photo-splitting water for hydrogen production is greatly affected by 
light intensity, and the hydrogen production is unstable. The reaction is also restricted by oxygen, so 
the development of photo-splitting water for hydrogen production is also deeply restricted. The 
utilization rate of raw materials for hydrogen production by anaerobic bacteria is low, and the reaction 
will affect the pH value and restrict the reaction, so there is still a lot of room for development in the 
utilization rate of raw materials and reaction efficiency. The reaction process of hydrogen production 
by photosynthetic bacteria is not restricted by oxygen, but its high dependence on light greatly 
restricts its large-scale application in my country [4]. The hydrogen content obtained by the biomass 
gasification hydrogen production method is relatively low, and it cannot be developed and 
popularized on a large scale. 

4.2.2 Development Status of Biological Hydrogen Production 

my country's research in the field of biomass gasification technology has achieved certain results. For 
example, the Guangzhou Institute of Energy, Chinese Academy of Sciences has conducted research 
on biomass gasification for many years. Hydrogen accounts for about 10% of the gasification 
products. It has gradually been used as a living fuel in rural areas, but the hydrogen content is 
relatively low, so it cannot be developed and popularized on a large scale. In regions with high 
conversion technology such as Europe, biomass gasification has been able to produce water gas on a 
large scale, and its hydrogen content has been greatly increased. China has made great progress in the 
field of biomass energy utilization. During the "Eleventh Five-Year Plan" period, China's rural biogas 
has invested a lot of money, and rural biogas has developed rapidly, and farmers have used and 
benefited a lot. The central government has invested 21.2 billion yuan in rural biogas construction. 
Since 2010, driven by the investment of the central government, the construction of rural biogas has 
been continuously expanded, optimized and improved, the function of biogas has been further 
expanded, and the biogas industry has developed rapidly, entering a new stage of equal emphasis on 
construction and management and diversified development [5]. 

4.3 Solar Hydrogen Production 

The combination of solar energy and hydrogen production technology is very common. Solar 
hydrogen production includes methods such as solar water electrolysis to produce hydrogen, solar 
thermal water splitting to produce hydrogen, and solar photocatalytic water splitting to produce 
hydrogen. Hydrogen production from solar water electrolysis is similar to solar photocatalytic water 
splitting for hydrogen production,They both split water to obtain hydrogen by sunlight. Solar direct 
thermal water splitting technology for hydrogen production refers to a technology that uses the heat 
energy generated by the conversion of solar collectors to transfer to water to decompose water into 
oxygen and hydrogen. In addition, artificial photosynthesis is also a method of using solar energy to 
produce hydrogen, that is, to simulate the photosynthesis of plants, hydrogen ions and charged 
electrons decomposed by metal complexes in water are combined to generate hydrogen under sunlight, 
it is similar to water electrolysis, but uses solar energy instead of electricity. 

4.3.1 Advantages and Disadvantages of Solar Hydrogen Production 

Advantage: The whole process of solar hydrogen production is very fast and requires only the input 
of heat and water. There are only a small amount of impurities and carbon emissions in the process 
of hydrogen production, which is environmentally friendly. 

Shortcoming: Hydrogen production by direct thermal splitting of water by solar energy is constrained 
by two major problems. One is the choice of materials, because the reaction is carried out at an ultra-
high temperature above 2500K, so it is difficult to select suitable materials, and the other is the 
problem of product separation, which is difficult to separate hydrogen and oxygen. At the same time, 
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the occurrence of photocatalytic reverse reaction is the key to inhibit the development of 
photocatalytic water splitting for hydrogen production. The use of solar photoelectrochemical water 
splitting to produce hydrogen is also restricted by technological development and the cost of hydrogen 
production. At present, the two problems of photochemical corrosion and energy loss cannot be 
solved in a coordinated manner. 

4.3.2 Development Status of Solar Hydrogen Production 

Hydrogen production by solar photohydrolysis is known as "one of the ideal technologies for human 
beings". In recent years, the research on solar hydrogen production technology has attracted much 
attention[6]. However, limited by the development of technology, the photo-water splitting efficiency 
obtained by the current research work in my country is still low, about 10% to 13%. Moreover, 
artificial photosynthesis is currently only in the laboratory stage and can produce a small amount of 
hydrogen in the laboratory, and the utilization rate of light energy is only 15% to 16%. 

5. Prospect Analysis 

5.1 The Development Trend and Development Potential 

The development of new energy hydrogen production in China is deeply supported by the Chinese 
government's policies. With sufficient support, there will be more enterprises to carry out new energy 
hydrogen production. "Green hydrogen" is the best energy source in the long run. For the future 
energy situation, hydrogen production from new energy and fossil energy must coexist, complement 
each other and develop in multiple ways. 

At the same time, with the rapid development of new energy vehicles in China, electric vehicles have 
become the choice of more and more people. The development of new energy hydrogen production 
will also promote the rapid growth of hydrogen fuel vehicles. As shown in the table, the prediction 
chart. At the same time, the efficiency of new energy hydrogen production has been greatly improved, 
and its consumption application in the chemical and steel fields will also help the further development 
of new energy hydrogen production technology.  

 

Table 1. Development Forecast of China's Hydrogen Energy Industry 

Years 

Project 
2025 2035 2045 

Total hydrogen demand(tons) 3000 4000 6000 

Industrial output value(trillion yuan) 1 5 12 

Hydrogen terminal sales price(Yuan/kg) 40 30 20 

Number of hydrogen refueling stations 200 2000 12000 

Hydrogen fuel cell vehicle ownership(ten thousand) 10 100 3000 

5.2 Improvement Direction 

Combining with China's national conditions, it is a very beneficial measure to vigorously develop 
wind/photovoltaic water electrolysis for hydrogen production in Xinjiang, Tibet, Inner Mongolia and 
other regions, which can fully utilize the solar and wind energy resources in these regions. At the 
same time, the research on the hybrid wind-solar coupled power generation technology for hydrogen 
production is also conducive to the achievement of the goals of "carbon peaking and carbon 
neutrality". As shown in Figure 4. 
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Fig. 4 Green hydrogen technology route 

 

In addition, biological hydrogen production can be carried out in old urban areas or rural areas, which 
can fully and effectively utilize industrial and agricultural wastes. my country has a large population 
base, and the development of animal husbandry and agriculture is relatively large, and human and 
animal manure, straw, sawdust, straw, wheat straw, etc. can be used to produce hydrogen from 
biomass, and more rural biogas digesters can be built in rural areas to make full use of Biomass energy, 
the water gas and hydrogen produced can meet the daily energy needs of rural areas, and can reduce 
carbon emissions. Under the relevant requirements of the "14th Five-Year Plan", biomass hydrogen 
production is obviously more in line with the concept of green economic development than traditional 
hydrogen production methods. Therefore, biomass hydrogen production will also be fully developed. 
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