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Helium, as an important strategic resource, is widely used in medical and

sophisticated high-tech, but its distribution is seriously imbalanced, mainly

concentrated in the United States, Qatar, Algeria and Russia. In this paper,

based on the systematic study of the global distribution and supply and demand

of helium, the current situation and future trend of helium consumption in china

were analyzed. In view of the shortage of helium resources in China and the

high dependence on foreign countries, suggestions were put forward to

strengthen the comprehensive research on domestic helium resources,

enhance the investigation and utilization of associated helium resources,

deepen the research on helium exploration and development technology,

and promote the process of commercial exploration and development.
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Introduction

At room temperature, helium is a colorless, odorless inert gas with inactive chemical

properties, making it difficult to react with other substances under normal conditions.

When the temperature after liquefaction drops to 2.174 K, it has the characteristics of low

surface tension, strong thermal conductivity and extremely low viscosity (Editorial Board

of Manual of Requirements for the Mineral Resources Industry, 2010). As it is widely used

in aerospace, semiconductor, cutting-edge scientific research and other fields, it is an

indispensable strategic material for national defense, military industry and high-tech

development.

Helium has been produced and developed for over a century. Helium was discovered

in the United States in 1903 in the Dexter oil well in Kansas and a national helium reserve

was established in Texas in 1963 (Arkharov et al., 2013; Advameg Inc, 2021). The deep

cooling method, known as condensation, is the most widely used method of helium

extraction in the world. It takes advantage of the differences in the critical temperatures of

the components of natural gas to separate the helium. Most of the helium extraction

plants in the United States, including the recently commissioned helium processing plants

in Qatar, Australia and Russia, and the upcoming helium extraction plant in Tanzania, are

using the deep cooling method (Arkharov et al., 2013; Chen et al., 2020; Ryzhkov, 2020;

Edison, 2021; European Commission, 2021; Ryzhkov, 2021).
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China has very scarce helium resources, accounting for only 2%

of the world’s reserves, and its external dependence is as high as 95%.

So it mainly imports helium fromQatar, the United States and other

countries. The United States has a global monopoly on helium

resources and technology, because it not only has the world’s largest

helium reserves (accounting for more than 40%), but also has the

most advanced helium extraction technology (Geology in China

Editorial Office, 2018; Gazprom, 2020; European Commission,

2021). Qatar, China’s main helium exporter, also relies on the

United States for its helium extraction technology and

equipment. Under this circumstance, once the United States

imposes a “stranglehold” blockade on helium exported to China,

China will be greatly restricted by the helium supply. Foreign-

funded enterprises dominate the helium import market in China. In

2020, helium imported by wholly foreign-owned and joint ventures

accounted for 84% of China’s total imports. China’s helium import

and domestic sales market are mainly controlled by foreign

companies, such as Linde Group of Germany, Praxair Company

of theUnited States andAir Products Company of theUnited States.

Moreover, the United States requires that helium can only be used

for non-military purposes in its export to China, and this article shall

be stipulated in the helium export contract to China, which seriously

restricts the development of helium industry in China (Han et al.,

2022).

According to the data released by energy departments,

resource departments, large energy companies and import and

export customs, we have statistically analyzed the global helium

market. This paper analyzes the distribution characteristics,

supply and demand of global helium resources, as well as the

current situation and trend of China’s consumption, summarizes

the helium resources and market pattern, and provides a

reference for the government to formulate helium market

policies and enterprises to explore and develop helium.

Distribution characteristics of helium
resources

Global distribution of helium resources

Helium resources are distributed unevenly around the world.

According to the 2020 survey report from the United States

Geological Survey (USGS), the global helium resource in

2020 was about 51.9 billion cubic meters, and the United States,

Qatar, Algeria and Russia owned 88% of the global helium resource

(National Research Council, 2010; National Archives, 2021;

Qatargas, 2021; Thor Resources Inc, 2021). Specifically, the

United States ranks first in terms of the amount of helium

resource in the world, about 20.6 billion cubic meters, while

Qatar (10.1 billion cubic meters) (National Research Council,

2010), Algeria (8.2 billion cubic meters) and Russia (6.8 billion

cubic meters) rank second to fourth. China has 1.1 billion cubic

meters of helium resources, ranking the sixth in the world (Figure 1).

The remaining proven reserves of helium in the world are

also very limited and are distributed in an extremely uneven

manner. The United States has the largest volume of 3.9 billion

cubic meters, while Algeria and Russia rank the second and third,

with 1.8 billion cubic meters and 1.7 billion cubic meters

respectively. Different natural gas fields have varied Helium

content. For example, the helium content in US gas fields is

the highest, with an average of about 0.8% (mole fraction), and

the helium content in individual gas fields is as high as 7.5%.

Helium resource distribution in China

According to USGS evaluation data, China has helium

resources of 1.1 billion cubic meters, accounting for 2% of the

world. China has more than 15.0 × 1012 m3proved reserves of

natural gas (Thor Resources Inc, 2021). Based on the commercial

helium extraction standard for natural gas (0.3%), it is estimated

that 10% natural gas has helium extraction potential, so the

helium resource volume is estimated to be 45.0 × 108 m3.

According to the rough estimation based on component

method, the geological resources of helium in Sinopec exceed

1.0 × 109 m3, and the proven natural gas reserves of CNPC are

over 12.0 × 1012 m3, among which the proven natural gas reserves in

Tarim, Sichuan, Erdos and Qaidam exceed 9.0 × 1012 m3, and the

potential of helium resources is more than 2.7 × 109 m3. The

exploration of helium resources in China should start with the

main natural gas areas that have been found to contain helium.

Great emphasis should be placed on the stable basins in the western

and central regions. It is predicted that the available helium

resources in China should be above 4.7 × 109 m3 (USGS, 2021).

Helium resources are widely distributed in China. China has

a large number of sedimentary basins, mainly small and

medium-sized ones. According to the statistics of the Ministry

of Land and Resources of China in 2010, China has a total of

424 continental sedimentary basins, 12 marine sedimentary

basins and 69 marine-continental superimposed basins (Chen

et al., 2021a; Chen et al., 2021b; Han et al., 2022). It is found that

many basins in the east, west and middle have abundant helium-

rich oil and gas reservoirs, including Hailaer Basin, Songliao

Basin, Bohai Bay Basin, Subei Basin and Sanshui Basin in the east,

Tarim Basin in the west, Sichuan Basin and Weihe Basin in the

central region (Figure 2) (Zhang et al., 2019; Chen et al., 2021b).

The distribution of helium resources in China is featured by full

gas in small basins and partial gas in large and medium-sized basins

(Chen et al., 2021a; Han et al., 2022). For example, in Hailaer Basin,

Weihe Basin, Sanshui Basin and other small basins, helium is

ubiquitous in the whole basin; In large and medium-sized basins,

helium is locally enriched by structural units or regions, such as the

Wanjinta structure in the north and south of Songliao Basin, the

eastern Liaohe depression in Bohai Bay Basin, Huagou area in Jiyang

depression, Huanghua depression and Dongpu depression,

Huangqiao area in Dongtai depression, Qintong depression,
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Jinhu depression of Northern Jiangsu Basin and Xiqiao area in

Jiangsu, Shaya uplift in the north of Tarim Basin, northwest of

Maigaiti slope, Hetianhe gas field and Weiyuan gas field in Sichuan

Basin (Dai, 2003; Li et al., 2018; Zhang et al., 2019; Peterson, 2020;

Chen et al., 2021b; Zhang et al., 2022a; Dai et al., 2022; Feng et al.,

2022; He et al., 2022; Li et al., 2022; Lu, 2022; Wang et al., 2022).

According to the existing exploration and research results, China has

the distribution of natural gas reservoirs rich in helium and high

helium, and is qualified in geological conditions to form helium-rich

and high-helium natural gas reservoirs (Zhang et al., 2022a; Lu,

2022).

In the future, China should focus on the research of crust-

derived helium, give consideration to the research of mantle-

derived helium. The helium in the central and western regions of

China is mainly crust-derived on, and only a small amount or

even a trace of mantle helium is mixed. The helium region in the

eastern region is a mixture of crust and mantle, and the mantle-

derived helium content is mainly about 20% and 50%, that is, the

content of crust-derived helium is mainly about 80% and 50%.

Crust-derived helium is widespread in the eastern, western and

central China with high content. It is the main genetic type of

helium in China (Dai, 2003; Peterson, 2020).

Global helium supply and demand

Major producers and exporters

Global helium producers are mainly concentrated in North

America and the Middle East. In 2020, the global production of

helium gas was approximately 140million cubic meters, representing

a year-on-year decrease of 12.5%. Among them, the United States

produced 74 million cubic meters, accounting for more than half of

the world’s output. The United States, Qatar and Algeria accounted

for 93% of the total global production. The United States is the first

major producer of helium. Helium in the United States is mainly

distributed in Cliffside, Hugo, Panhandle, Greenwood, Keyse and

Riley Ridge gas fields. Qatar is the second largest producer of helium,

which is mainly produced from the flash gas of liquefied natural gas

(LNG) in the northern gas field. Algeria is the third largest producer

of helium and the local helium is produced from liquefied natural gas,

mainly from Hassi R’Mel gas field (Figure 3) (Zhang et al., 2022b).

Helium exporters in the world are mainly concentrated in the

Middle East and CIS. Qatar and Algeria in the Middle East have

relatively small demand, and the main output is exported to other

countries. In Russia, helium-rich gas fields with high potential

but low development level include Orenburg gas field, Chayanda

gas field in Yakut region and Kovykta gas field in Eastern Siberia

(Chen et al., 2020; Gazprom, 2020). In addition to meeting the

demand of one million cubic meters per year, the rest can be

exported to other countries after liquefaction. The helium in

Poland is mainly produced in Odolannowg gas field. The annual

production of helium in Poland can reach 1–3 million cubic

meters, which is mainly exported to the European market

(Qatargas, 2021).

Global helium supply and demand
forecasts

Helium will continue to be in short supply in the world. Since

2007, with the development of high-tech industry and scientific

FIGURE 1
Forecast of helium resources in the world (data from USGS, 2021) (Thor Resources Inc, 2021).
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research, the global demand for helium has increased year by

year, especially from the high-end manufacturing, low-

temperature superconductivity and the cooling gas of the

fourth-generation nuclear reactor (Ryzhkov, 2020; Ryzhkov,

2021; Thor Resources Inc, 2021). Currently, the global annual

demand for helium is about 200 million cubic meters, but the

annual output is only about 160 million cubic meters. According

to the predictions from relevant Russian agencies, the global

demand for helium will reach 220–300 million cubic meters in

2030. If the exploration and exploitation of new blocks are not

carried out, the world’s production of helium will drop to

134 million cubic meters in 2030, with a shortfall of more

than 166 million cubic meters (Gazprom, 2020; Qin and Li,

2021; Thor Resources Inc, 2021).

As the demand for helium keeps increasing, the supply of

helium may fluctuate greatly due to special events. For example,

in 2017, when the helium supply in Qatar was cut off, due to

political factors, many Arab countries closed their borders with

Qatar, interrupting helium production and transportation for

several weeks and affecting 30% of the global helium supply

(National Research Council, 2010; Han et al., 2022). The Russian

Far East helium extraction plant will be completed in 2025 and

the helium supply will increase from 2% now to more than 25%

in 2025. Helium supply may increase due to the increase of

demand and price, and maintain a dynamic balance for a long

time (Chen et al., 2020; Edison, 2021; European Commission,

2021).

The Asia-Pacific region will be the main driver of the helium

market. According to the demand, it is predicted that the helium

consumption will increase to 112 million cubic meters by 2040.

Under appropriate selection, the basic consumption can reach

135 million cubic meters and the maximum consumption can

FIGURE 2
Distribution of helium-rich basins in China (Zhang et al., 2018).

Frontiers in Environmental Science frontiersin.org04

Cao et al. 10.3389/fenvs.2022.1028471

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1028471


reach 158 million cubic meters. The growth of demand is related

to the dynamics of economic growth, but the growth rates of

countries in the Asia-Pacific region are not uniform (Edison,

2021; National Archives, 2021). In China, for example, economic

growth is forecast to slow down gradually from 7% to 8% per year

in 2020 to 3%–4% in 2040, and the growth rate of demand for

helium will correspondingly decrease. In South Korea, the

demand growth will not exceed 1% per year. The stagnation

of helium demand in Japan will be caused by the developed

economic structure and saturated market. In other developing

countries, demand growth will range from 5% in 2020 to 2% in

2040 (National Archives, 2021).

Russia is expected to become the new major helium

exporter, because about 25% of the world’s helium reserves

are concentrated in Russian mineral deposits. In 2021, the

helium production in Orenburg, Russia decreased to

4.5 million cubic meters per year, and the helium production

capacity of Amur processing plant in the Far East of Russia will

be 60 million cubic meters per year (5.8 MMcf/d-Million cubic

feet per day.) after completion. In 2022, INK (Irkutsk Oil) plans

to build a helium treatment plant of 7.5 million cubic meters to

treat natural gas from Yarakta Gas Field and to treat natural gas

fromMarkovskoye Gas Field in 2025, with a helium production

capacity of 4.5 million cubic meters. In the future, Russia’s

helium production will be close to 80 million cubic meters per

year, and if the production capacity of each processing plant can

meet the standard, Russia’s helium production will be far

greater than its helium consumption (4.8 million cubic

meters per year) (Gazprom, 2020). In the future, Russia will

have more helium resources reserves or exports, which is a great

boon for China. If cooperation is reached in the future, the risk

of China’s helium field being blocked by the United States will

be lifted.

Current situation and trend of helium
consumption in China

Sources of helium import in China

China is highly dependent on imports. In 2021, a total of

3,685 tons of helium were imported, a decrease of 0.6% over

2020. The average import price was about 76.5 USD/kg, 0.9% less

than that in 2020. The major import locations include Qatar, the

United States and Australia. In 2021, 3,005.9 tons of helium was

imported from Qatar, accounting for 82%, 346.1 tons from the

United States, accounting for 9%, 304.6 tons from Australia,

accounting for 8%, and 24 tons from Russia, accounting for 1%

(Han et al., 2022).

In the past 5 years, China’s helium imports have increased

first and then decreased. Since 2018, China’s helium imports have

decreased year by year, with a year-on-year decrease of 6.7% to

3,707.6t in 2020, but the proportion of imports to demand is as

high as 97.7%. In 2021, 3,685 tons of helium were imported,

representing a year-on-year decrease of 0.5%. In 2021,

3,005.9 tons of helium were imported from Qatar, accounting

for 82%, 346.1 tons from the United States, accounting for 9%,

304.6 tons from Australia, accounting for 8%, and 24 tons from

Russia, accounting for 1% (Li et al., 2022). Compared with 2020,

the production, shipping and tariff in the United States have

significantly restricted China’s helium import, and the import

volume from the United States has further declined. The increase

in the import volume from Qatar has compensated for the

decrease in the import volume from the United States, so its

proportion continues to increase, and the import volume from

Australia is relatively stable (Figure 4).

At present, there are more than a dozen helium gas importing

enterprises in China, mainly foreign-funded enterprises,

FIGURE 3
Proportion of global helium production from 2019 to 2020 (data from USGS, 2021) (Thor Resources Inc, 2021).
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accounting for 82% of the total. Linde, Air Liquide and Air

Products and Chemicals have higher imports, accounting for

21%, 19%, and 18% respectively, while Iwatani Corporation

(Iwatani), G-Gas and Taiyo Nippon Sanso Group (Taiyo)

account for 13%, 10%, and 8%, respectively. The only Chinese

import enterprises are Guangzhou Guanggang Gas Energy Co.,

Ltd. (G-Gas) and Shanghai Jiyang Technology and Development

Co., Ltd. (Shanghai Jiyang) (Figure 5) (Li et al., 2022).

Main consumption fields of helium in
China

In recent 5 years, China’s helium consumption increased first

and then decreased. From 2014 to 2018, the annual average

growth rate of helium consumption reached 11%. It reached a

peak of 23.46 million cubic meters in 2018, with a growth rate of

13.01%. From 2014 to 2018, the annual average growth rate of

helium consumption was 11%. In 2020, due to the impact of the

epidemic, the consumption of helium dropped to 21.3 million

cubic meters, with a decrease rate of 6.89%. From January to

August 2021, helium consumption increased by 4.4% year-on-

year, with an obvious warming trend (Li et al., 2022).

Controlled atmosphere and cryogenic application are the

main application directions of helium, accounting for 56% and

23% respectively. Controlled atmosphere includes optical fibers,

semiconductors, photovoltaics, etc., while the cryogenic

application includes nuclear magnetic resonance, low-

temperature superconductivity, national defense and military

affairs, and big scientific research, etc. Helium consumption,

as an indispensable strategic material for the development of

national defense, military industry and high-tech industry, has

become an important indicator to measure the level of national

science and technology development (Zhang et al., 2022b; Han

et al., 2022; Lu, 2022). With the rapid development of China’s

semiconductor, optical fiber, photovoltaic and other industries,

the demand of China’s helium will still maintain a stable growth

(Figure 6) (Li et al., 2022).

Helium consumption is closely related to regional economic

and industrial structure. The regional distribution of helium

consumption in China shows that Jiangsu, Guangdong and

Zhejiang provinces and Shanghai account for 34%, 26%, 16%,

and 13% respectively, accounting for 89% of the total national

consumption. They generally have a very advanced secondary

industry, and their industrial cores are high-end manufacturing

such as semiconductors, optical fibers and photovoltaics

(Figure 7) (Chen et al., 2021b; Zhang et al., 2022a; Zhang

et al., 2022b; Qin and Li, 2021; Zhang et al., 2018).

Main consumption trends of helium in
China

China has a high helium consumption, accounting for 11% of

the global helium consumption, with a rapid growth rate. Along

with the control of public health incidents and the steady

development of downstream semiconductor, optical fiber,

nuclear magnetic resonance and other fields, the overall

demand for helium market in China will show an increasing

trend. At present, the world is in the shortage of helium

FIGURE 4
China’s helium import volume from 2015 to 2021 (Source: General Administration of Customs) (Li et al., 2022).
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FIGURE 5
Market share of import volume of helium enterprises in China in 2020 (Unit: %) (Source: General Administration of Customs) (Li et al., 2022).

FIGURE 6
Helium consumption structure in China in 2020 (Source: General Administration of Customs) (Li et al., 2022).
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resources. During the “14th Five-Year Plan” period, China’s

helium consumption will continue to grow rapidly and is

expected to reach 2,500 × 104 m3 in 2025 (Li et al., 2022).

With the continuous production of China’s helium extraction

project, the amount of self-produced helium will continue to

increase, but far below the demand, and the dependence on

foreign countries will remain at a high level.

Conclusion and recommendations

Against the backdrop of profound and significant changes in

the world landscape and geopolitics, the world’s helium supply

chain may face significant changes and challenges, which will

inevitably have a profound impact and influence on the world

helium market in the future. At present, China’s helium

dependence on external resources is very high. Under the

influence of many factors, especially the trade friction between

China and the US, the global economic hyperinflation caused by

the global new crown epidemic and the rapid and significant

increase in energy prices caused by the Russian-Ukrainian war,

the global helium supply is relatively tight and the security of

China’s helium supply is challenged to a certain extent (Li et al.,

2022). Although China’s own helium production is increasing

with the commissioning of helium extraction projects, China’s

helium consumption will continue to grow rapidly during the

14th Five-Year Plan period, and is expected to reach 25 million

cubic metres in 2025, which is much higher than its own

production. It is very important for China to strengthen the

exploration and development of helium resources, and the

following suggestions are put forward.

Strengthening the comprehensive study
on helium resources in China

On the premise of clearly recognizing that the origin type of

helium in China is crust-derived helium, the main reservoir-

forming factors of helium with different genetic factors should be

mastered and the comprehensive research on different types of

helium in the eastern, western and central regions of China

should be carried out (Zhang et al., 2019; Chen et al., 2021a; Chen

et al., 2021b; Han et al., 2022). Exploratory exploration can be

carried out for new areas where no industrial helium has been

discovered.

Strengthening the investigation and
utilization of associated helium resources

Special investigation of helium resources, such as geothermal

wells and natural gas wells (Li et al., 2022). It is necessary to

actively promote and cooperate with the government authorities

in the preparation of medium-and long-term development plans

for the exploration and development of helium resources, study

and issue operational and effective helium industry development

policies, provide incentives and support such as tax relief,

financial subsidies and land use for comprehensive utilization

FIGURE 7
Pie chart of helium consumption in China in 2020 (Source: General Administration of Customs) (Li et al., 2022).

Frontiers in Environmental Science frontiersin.org08

Cao et al. 10.3389/fenvs.2022.1028471

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1028471


projects of helium resources, and guide participating enterprises

and units for scientific and rational development.

Deepening research on helium
exploration and development technology

The key geological problems, such as helium reservoir-forming

theory and prospecting mode, and exploration techniques, such as

geophysical and material exploration methods, logging series and

interpretation models should be focused on, and specialized

research on helium exploration and development theory and

technology should be carried out to serve the investigation and

evaluation of helium resources in China (Zhang et al., 2022a).

Research and development of low-cost extraction/concentration/

purification processes and equipment for associated helium should

be carried out, and the technical system for helium exploration and

development be improved, thus ensuring the large-scale and

industrial development of helium resources in China.

Promoting the commercial exploration
and development of helium

The Chinese government should be urged to formulate

favorable policies for the allocation of helium mining rights (Han

et al., 2022), guide relevant enterprises and units to actively follow up

and participate, promote the commercial process of exploration and

development of helium gas resources in China, and build a helium

strategic security backbone as soon as possible.
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