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Abstract. The International Federation of Robots claims that the number of robots being produced
today is at an all-time high, particularly in sectors like electronics and the automotive industry.
Considering this, as artificial intelligence (Al) becomes more and more popular, it is imperative
to study the robotics market, particularly in the nations that are major players in it. Robots are now
integrated into all industries, especially automotive and electronics. The need for modernization
and increasing competition are pushing countries to automate production and improve business
processes; the United States and China have achieved the greatest success in this. According
to the authors, it is China that will succeed in the industrial robotics market by introducing “smart
manufacturing” and “smart factories.” In addition, there is now a growing trend towards creating
robots that interact with people: the development of technology, the emergence of artificial
intelligence, as well as human acceptance of the robot — all this contributes to the introduction
of robots into our lives. Thus, according to the authors, it is the United States that has achieved
the greatest success in the field of introducing service robots responsible for interaction with
humans. The evolution of the robotics industry in the two major market participants — China and
the United States — is analyzed. The study analyzes the industries in both countries to pinpoint
development areas and reviews government initiatives that support business growth in both China
and the United States.
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AnHotanusa. ITo manaeiM MexayHaponHoi ¢enepanun poOOTOB, Ha CETOAHANIHUII JIeHBb
MBI Ha0JI0/1aeéM PEKOPAHYIO KOHIEHTPAIIMIO POOOTOB HA MPOMU3BOACTBE, B OCOOEHHOCTH B Ta-
KHX OTpacisiX, Kak aBTomoOuiecTpoeHue u siekrponuka. C yuérom Habuparomen momymusp-
HOCTH HCKYCCTBEHHOTO HMHTEJIJIEKTa OYEBHAHA HEOOXOIUMOCTh M3YUCHHsS OTpaciu podoTo-
TEeXHUKHU. POOOTHI HHTETpUPOBAHBI BO BCE OTPACIH IPOMBIIUIEHHOCTH, B 0COOCHHOCTH TaKHeE,
KaK aBTOMOOMJIECTPOCHNE U EeKTpoHNKa. HeoOxoquMocTh MOJEpHU3AIMH W BO3pACTAIONIas
KOHKYPEHIUS OATaIKUBAIOT CTPAaHbl K aBTOMaTU3allMH IPOU3BOCTBA U COBEPIIEHCTBOBAHUIO
Ou3Hec-IpoIeccoB, HanbobMKX ycrexoB B 3ToM pocturan CLIA n Kurait. [To MmHeHHIO aB-
TOpOB, UMEHHO KuTail mpeycneer Ha peIHKE NPOMBIIIICHHBIX POOOTOB, BHEPUB «YMHOE IIPO-
M3BOJICTBO» M «yMHBIE 3aBozbI». [ToMnMo 3TOTO Cceliyac pacTeT TpeHA Ha CO3/aHHe POOOTOB,
B3aUMOJIEHCTBYIOIUX C JIIOAbMU: PA3BUTUE TEXHOJIOTUM, IOSIBIEHUE UCKYCCTBEHHOIO UHTEN-
JEeKTa, a TaKXKe MPUHIATHE YEIOBEKOM poO0Ta — BCE 3TO CIIOCOOCTBYET BHEIPEHNIO pOOOTOB
B Hally >XKU3Hb. Tak, Mo MHeHHUIo aBTOpoB, uMeHHO CIIA mocturiam HamGoOIBIIEro ycrexa
B 00JaCTH BHEAPEHUS CEPBUCHBIX POOOTOB, OTBEYAIOIIUX 33 B3aUMOJEHCTBUE C YEIOBEKOM.
IIpuBeneH aHaIN3 OTPACIH PA3BUTHS OTPACIN POOOTOTEXHUKHU B CTpaHaX — KIIIOUEBBIX UTPO-
kax peiHka: CHIA u Kuras. B paGote cienana neKoMIO3HLIMs OTPACId B 3TUX CTpaHax AJs
OTIpeACICHUs 30H — TOYEK POCTA, BBIIEICHBI TOCYIaPCTBEHHBIC IPOCKTHI, CIIOCOOCTBYIOIINE
pocty B Kutae u 8 CIIA.

KaroueBbie ciioBa: podotusanus, CIIA, Kuraii, mnpoMbinuieHHas poOOTOTEXHHKA, CEPBUCHAS PO-
6ororexunka, HUOKP

Hcropus crarbu: nocrynuna B pepakuuto 12 oxrabps 2023 r., nposepena 18 HosiOpst 2023 1,
npuHATa K myonukammu 10 nexadps 2023 .
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Introduction

Today the word “robot” has come into usage, but it first appeared not so long ago,
particularly in 1920 in the book “Rossumovi univerzalni roboti (R.U.R)” by the Czech
writer Karel Capek (Capek, 2023). In the past, a robot was thought of as an artificially
formed human whose labor was utilized in heavy industries. As for now, a robot
is an automated device that carries out different mechanical tasks in compliance with
an embedded software.

The issue of the study is relevant since robots are becoming more and more
prevalent in contemporary industry. The International Federation of Robots states that
there is a record concentration of robots in production today, particularly in sectors
like electronics and automotive.! We therefore need to investigate and study this
sector, particularly countries that account for a large portion of the market. The study’s
objective is to forecast and analyze the robotics markets in China and the United States.
Main aspects of the study include the following issues:

1. Describe the robotics industry: review the market, identify its key players,

consider the strategies of the United States and China in the industry.

2. Identify factors affecting the industry.

The study employed a variety of research techniques, including mathematical
modeling, informational, and analytical techniques.

Results

Top countries in the robotics sector: The USA and China’s relative positions

The number of robot installations has been increasing gradually since 2017
(Figure 1). This indicates that the robotics market is expanding.

From 2016 to 2022, the US robotics industry’s revenue as a percentage of global
revenue ranged from 18 to 20 %. It is also important to note that, starting in 2020, the
US robotics sector’s growth rate outpaced the global robotics industry.

China’s revenue varies from 15 % in 2016 to 18 % in 2022 as a percentage of the
global total; the industry is growing faster than the global average starting in 2018 and
continuing until 2021, when the peak was attained (Figure 2).

Consequently, the two economies account for more than 20 % of global income,
demonstrating that both the US and China are gradually raising their production levels
(Feenstra & Sasahara, 2018). From 2016 to 2022, the robotics industry’s five largest
countries by revenue were South Korea, Japan, China, Germany, and the United States.
China, meantime, has become the world’s greatest competitor to the United States,
which has been leading the world for the past seven years, with a steady growth rate
of 7-15 % between 2017 and 2022 (Reshetnikova & Pugacheva, 2022) (Figure 3).

' One million robots work in car industry worldwide — New record. IFR Press Room — 2023.
Retrieved September 9, 2023, from https://ifr.org/ifr-press-releases/news/one-million-robots-work-in-
car-industry-worldwide-new-record.
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Figure 1. Number of robot installations in the world 2016-2022, million

Source: compiled by the authors based on IFR report: International Federation of Robotics.
Retrieved September 9, 2023, from https://ifr.org/ifr-press-releases/news/robot-sales-rise-again
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Figure 2. Global robotics industry revenue, broken down by US and Chinese, from 2016 to 2022,

expressed in billion USD

Source: compiled by the authors based on IFR report: International Federation of Robotics. Retrieved
September 9, 2023, from https://ifr.org/ifr-press-releases/news/robot-sales-rise-again
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Figure 3. A comparison of the robotics industry’s top 5 revenue earners from 2016 to 2022,
expressed in US dollars

Source: compiled by the authors based on IFR report: International Federation of Robotics. Retrieved
September 9, 2023, from https://ifr.org/ifr-press-releases/news/robot-sales-rise-again

For this reason, the USA and China are actively competing in the robot industry
to be deemed “the most technologically advanced country” (Zhao, 2019). Next, we’ll
take a closer look at each nation’s areas of expertise and how those helped them to get
these results.

Industrial robotics in China and the USA

The field of robotics known as industrial robotics focuses on automating
production processes by building robots for use in manufacturing. Industrial robotics
is subdivided into robots for the automotive, chemical, food, electronics, and
metallurgical industries, among other industries (Héagele et al., 2016).

When we compare the positions of the USA and China in the industrial robotics
industry, we can observe that China leads in terms of revenue, while the USA comes
in fourth, trailing only Japan and Germany. It is reasonable to conclude that this situation
resulted from China’s aggressive industrial modernization (Reshetnikova, 2020) while
the US attempted to shift its polluting output to developing countries (Montgomery &
Yoshihara, 2022).

It is important to mention that the United States’ share of the global revenue
generated by the sale of industrial robots ranges from 14 % (2016) to 8 % (2023), with
the growth rate of this revenue nearly matching the global rate. China’s share of global
revenue will drop from 28 % in 2016 to 18 % in 2022 (Figure 4).
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Figure 4. Industrial robotics industry’s global revenue from 2016 to 2022 compared to figures
from the US and China, US dollars, billion

Source: compiled by the authors based on IFR report: International Federation of Robotics.
Retrieved September 9, 2023, from https://ifr.org/ifr-press-releases/news/robot-sales-rise-again

Analysis of industrial robot segments in China

The number of installations of new robots in China is not characterized by stable
growth, but despite this, it continues to remain at a high level (Figure 5).
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Figure 5. China’s industrial robot installations from 2016 to 2022 in thousand

Source: compiled by the authors based on IFR report: International Federation of Robotics.
Retrieved September 9, 2023, from https://ifr.org/ifr-press-releases/news/robot-sales-rise-again
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Considering the most profitable segments of industrial robotics in China, we can
highlight the electronics industry, as it is the most profitable, followed by metallurgical,
automotive, and chemical industries (Figure 6).
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Figure 6. Industrial robotics revenue in China by segment for 2016-2022, USD million

Source: compiled by the authors based on IFR report: International Federation of Robotics.
Retrieved September 9, 2023, from https://ifr.org/ifr-press-releases/news/robot-sales-rise-again

Considering the dynamics of revenue, it can be noted that all industries repeat the
general trend: a decrease from 2017 to 2019, an increase from 2019 to 2021, and a sharp
decrease in 2022. But the automobile sector stands out. It soared at an astounding
84 % growth rate in 2021, but it is already seeing a significant decrease in 2022
(Cheng et al., 2019).

Thus, China actively receives the greatest income from industrial robotics
in the electronics industry sub-industry; the development of the automotive and
metallurgical industries also has a significant impact on the development of the
industry. Revenue dynamics are unstable, presumably market fluctuations are
associated with the COVID-19, which has had an impact on heavy industry; market
growth during these periods is associated with the increased need for production
automation.

Analysis of industrial robot segments in the USA

Let’s take a closer look at the US industrial robotics market. From 2016 to 2022,
the industrial robotics market in the United States has seen a slight increase in the
number of robot installations; the absolute increase in robots in 2022 compared to 2016
was 1,36 thousand robots (Figure 7).
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Figure 7. Number of new installations of industrial robots in the US 2016-2022, thousand

Source: compiled by the authors based on IFR report: International Federation of Robotics.
Retrieved September 9, 2023, from https://ifr.org/ifr-press-releases/news/robot-sales-rise-again

The analysis of US industrial robotics market showed that the highest income
in 20162022 comes from segments such as the electronic and automotive robotics
industries, while the food and metallurgical industries turned out to be the least
profitable (Figure 8).
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Figure 8. US Industrial Robotics Revenue by Segment, 2016-2022, million US dollars

Source: compiled by the authors based on IFR report: International Federation of Robotics.
Retrieved September 9, 2023, from https://ifr.org/ifr-press-releases/news/robot-sales-rise-again
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Nonetheless, a thorough analysis of revenue dynamics in different segments
reveals a notable reduction in revenue growth rates since 2018, affecting all business
sectors. Industries including the food, chemical, and metallurgical sectors all had
negative growth rates in 2019; by 2020, all sectors had negative growth rates, with the
food sector having the highest growth rate at 13.2 %; by 2022, the food, chemical, and
metallurgical sectors had growth rates; growth rates in the electronics and automotive
sectors remained negative (Figure 9).
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Figure 9. Change in US industrial robotics revenue by segment, percentage, 2017-2022

Source: compiled by the authors based on IFR report: International Federation of Robotics.
Retrieved September 9, 2023, from https://ifr.org/ifr-press-releases/news/robot-sales-rise-again

As a result, the US industrial sector is still making significant investments
in robotics and automation. The primary driver of this process is the growing trend
towards production automation; the use of robots in the manufacturing process can
boost US industry’s competitiveness internationally, retain domestic production, and
even bring back country-outsourced production (Christensen et al., 2021).

Service robotics in the USA and China

From 2016 to 2023, the United States leads the service robotics market, outpacing
China, Germany, Japan, and the United Kingdom (Figure 10).

When it comes to the service robotics market, it is important to remember that
the US accounts for 25 % of the global market volume, the growth rate of revenue
from service robotics sales also aligns with the global market, and China’s growth rate
surpasses that of the USA, but its revenue volume only accounts for 18 % of the global
market (Figure 11).
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Figure 10. Comparison of the top 5 leaders in terms of revenue
in the service robotics sector 2016-2022, million US dollars

Source: compiled by the authors based on IFR report: International Federation of Robotics.
Retrieved September 9, 2023, from https://ifr.org/ifr-press-releases/news/robot-sales-rise-again
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Figure 11. Comparison of global revenue with US and Chinese revenue
in the service robotics industry 2016-2022, billion US dollars

Source: compiled by the authors based on IFR report: International Federation of Robotics.
Retrieved September 9, 2023, from https://ifr.org/ifr-press-releases/news/robot-sales-rise-again
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Thus, the absolute leader in the service robotics market is the United States, but
China is also among the top 5 leading countries, remaining the main competitor of the
United States (Gonzalez-Aguirre et al., 2021).

The US service robotics business is expanding (Merdin-Uygur & Ozturkcan, 2023).
The absolute increase from 2016 to 2022 was 0,2 million robots. According to the
income generated by the service robotics sectors, the consumer service segment made
the most money in 2016, but from 2017 onward, the commercial service robotics
segment’s revenue took the lead, continuing to do so until 2022.

Considering the dynamics of the segments, it can be noted that the negative
growth rate in the consumer service robotics industry in 2021, presumably associated
with the COVID-19 epidemic, and on the contrary, the growth rate in the commercial
service robotics segment, in 2021 the growth rate was 26,8 %, which is almost twice
as much as in the previous year (Figure 12).
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Figure 12. Volume and dynamics of the service robotics industry segment
in the USA 2016-2022, billion US dollars

Source: compiled by the authors based on IFR report: International Federation of Robotics.
Retrieved September 9, 2023, from https://ifr.org/ifr-press-releases/news/robot-sales-rise-again

Analysis of the service robotics market in China

Looking at the number of installations of service robots in China, a steady growth
of 13% can be seen, indicating an increasing demand for service robots in China
(Figure 13). This situation will certainly lead to an increase in the volume of the market
itself, opening up new opportunities for China in this segment (Chi et al., 2023).
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Figure 13. Number of new installations of service robots in China 2016-2022, min

Source: compiled by the authors based on IFR report: International Federation of Robotics.
Retrieved September 9, 2023, from https://ifr.org/ifr-press-releases/news/robot-sales-rise-again

Analyzing the volume and dynamics of revenue from the service robotics segments,
we see that the consumer service segment generates the most income, while commercial
service robotics is less profitable. However, it should be noted that the growth rate
of consumer service robotics is gradually decreasing, in contrast to commercial service,
the growth rate of which has been positive since 2020. Thus, the service robotics
market is a promising development direction for China. One of the market growth areas
is the development of smart cities in China, as well as projects in the healthcare sector
(Yu et al., 2023; Reshetnikova et al., 2021). Thanks to the support of the Government,
as well as the systematic demand for service robots in the implementation of these
projects, service robotics in China will be able to reach a new level.

Factors influencing the development of robotics

The amount of money invested in the robotics technology sector is one of the
primary factors driving the robotics market’s growth. The US is making significant
investments in science, particularly robotics advancement. As a result, almost 40 %
of global R&D investment comes from the US; interestingly, the US investment growth
rate follows the global trend.

Examining the government’s projects in greater detail allows us to identify
a number of initiatives, such as:

1. The goal of the DARPA Robotics Challenge program is to create rescue
robots that can function in harsh environments, like earthquakes and other
calamities (Chung et al., 2023).

2. The NASA Aeronautics Research Mission Directorate program, which
carries out studies on unmanned aerial vehicles.

3. The National Robotics Initiative seeks to promote robotics research and

development across a range of domains, including industry and medical
(Yip et al., 2023).

MHHOBAIIU B COBPEMEHHOI SKOHOMMUKE 165



Reshetnikova M.S., Tretyakova S.S. 2024. RUDN Journal of Economics, 32(1), 154-169

4. The Advanced Manufacturing Partnership initiative, which focuses
on creating new manufacturing technologies, such as robotic systems for
process automation (Sunley et al., 2023).

Furthermore, to revive the nation’s production of chips and electronic systems,
the federal government is investing in businesses, offering tax breaks, assisting with
the building of factories, and other measures that will catapult the robotics sector in the
United States to unprecedented heights (Isik et al., 2023).

These and other robotics initiatives foster education, commercialization, and
innovation in the US robotics industry. It is important to note that several prestigious
US colleges, including Stanford, MIT, and Carnegie Mellon, also fund their robotics
research projects with government money.

One of the main things affecting the growth of the robotics sector is high-quality
education. The US government has boosted annual investments on public schooling
over the past 20 years, making the country’s educational system among the most
advanced in the world. Numerous academic institutions provide robotics curricula that
provide students with the necessary knowledge and abilities to pursue careers in the
industry (Darmawansah et al., 2023).

The development of the robotics industry is also influenced by factors such
as cloud computing and 5G networks; ESG, as well as active robotization of production
(Asif et al., 2023); development of the electric automotive industry. Why does the
industry need each of these factors?

5G is a generation of mobile Internet with much higher bandwidth. Latency
is one of the main concerns of robotics developers as it greatly limits robots.
However, it is a reliable mobile network that can make it possible to introduce
artificial intelligence into robots, so the robot will navigate much better in space
and carry out any activity without special programming (Ness et al., 2023).
In general, the development of robotics as an industry is influenced by the
telecommunications sector, since the availability of the Internet, the number
of cellular subscribers, etc. provide the infrastructure necessary for the
functioning of the industry. Thus, over the past 20 years, the average Internet
connection speed in the United States has been growing, just as international
Internet bandwidth has been increasing.

As aresult, the US government is actively encouraging the growth of the robotics
sector. It builds the infrastructure required for the industry to operate, enacts legislation
that facilitates business dealings in the region by lowering taxes, for example, actively
invests in education and research and development, and establishes unique government
initiatives to support the industry’s growth.

Factors influencing robotics industry in China

China is actively investing in R&D, which amounts to about 30 % of the global
volume; it should also be noted that the volume of investments is growing annually.

Also, one of the fundamental factors influencing the development of knowledge-
intensive industries, including robotics, is the number of patents in the industry
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(Santarelli et al., 2023). Chinese companies such as Huawei, Tencent, Alibaba and
others regularly occupy leading positions in the number of patents in technology fields.

In China, government programs have an even greater impact on the development
of the industry. Thus, among the most famous programs developing robotics in the
country are:

* “Made in China 2025” is an initiative pursuing the goal of developing high-tech
industries, including robotics, so by the end of 2025 China aims to cover 70 %
of the domestic market with domestic developments, including intellectual
property rights, and also that domestic companies creating robots enter the
top 5 best in the world (Karabegovi¢ et al., 2023);

e “New Generation Artificial Intelligence Development Plan” — a project
to create an artificial intelligence industry by 2030 so that China begins to lead
in this area (Reshetnikova & Mikhaylov, 2023);

* The “One Belt — One Road” initiative, a project aimed at creating a global
infrastructure to strengthen economic ties between countries, partially
affects robotics specifically in the field of infrastructure solutions (Westphal
& Wang, 2023);

* Creation of demonstration zones — cities, which also include robotic systems,
among such cities are: Chengdu, Shenzhen and Hangzhou (Lin et al., 2023);

As a result, government initiatives and investments are among the main drivers

of the Chinese robot industry’s growth. In addition, the industry’s overall growth will
have an impact on the sector’s development, so the expansion of the Chinese economy
naturally contributes to the sector’s proliferation.

Conclusion

Based on the research, we can say that the robotics industry is dynamically
developing, promising and profitable, and the USA and China are the main players
in this market, shaping it, leading it, creating trends and tendencies. As a result, we can
say that at the moment the USA and China have occupied their niches. China leads
the market for industrial robots, while the United States leads the market for service
robots. Both countries invest in the development of the industry, develop government
programs that support it, and create infrastructure that facilitates its development.

In conclusion, we would like to note that the situation in the robotics market is not
stable, because this is a high-precision industry, much in its development will depend
on the further policies of states, TNCs, the spread of the Internet and research in this
industry, therefore our main task in further research is monitoring market dynamics
in these countries.
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