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Introduction. The development of an innovation-based competitive and highly structured model of the Ukrai-
nian economy is impossible without modern advanced industry.

Problem Statement. To launch structural and technological transformations, Ukraine needs to implement a
systematic, consistent innovative industrial policy aiming at neo-industrialization as a basis for developing the
domestic market, increasing exports of goods with a high added value, improving the quality of life, reducing
poverty, and forming the middle class of society.

Purpose. To determine the current trends in the innovative processes in Ukraine’s industry by technology-in-
tensive sectors from the standpoint of opportunities and threats for the neo-industrial development of Ukraine.

Materials and Methods. The research is based on the Neo-Schumpeterian school and institutional theory and
on the theoretical achievements of Ukrainian and foreign researchers on innovation and the implementation of
structural and technological shifts in the economy. The methods of analysis and synthesis, logical generalization,
system approach, and statistical analysis have been used.

Results. The institutional foundations for the modernization and development of Ukrainian industry in ac-
cordance with the modern world trends has been found underdeveloped. The innovative activities of industries in
terms of costs and benefits, which are systematized according to the levels of manufacturability based on the
Eurostat methodology have been analyzed. Unstable dynamics and a significant dif ference between technology-
intensive sectors, a decrease in the knowledge intensity of innovation products, a low efficiency of investment in
innovation in most industries, and a tendency towards simplifying the innovative activities in the industry have
been revealed.

Conclusion. The proposed directions and measures of innovation-based industrial policy are to facilitate neo-
industrialization of Ukraine and to overcome its innovative and technological decline.
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policy, and neo-industrialization.
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Industry, in particular its manufacturing sectors,
is the engine of economic growth in any country.
Focusing attention on the development of indust-
ry and the recognition of its leading role in mee-
ting the global challenges has been the dominant
trend of recent decades, as evidenced, in particu-
lar, by the reshoring processes in advanced eco-
nomies. Thus, in the United States, reshoring is
recognized as a key factor in economic recovery
after the coronavirus pandemic crisis in 2021 [1].
The European Union (EU) aims at making Euro-
pean industry greener, more circular, and more
digital and maintaining its competitiveness on
the world stage, which has been enshrined in the
new EU Industrial Strategy [2, 2]. In the light of
the new conditions driven by the SARS-CoV-2
virus pandemic, the EU updated its Industrial
Strategy in May 2021 focusing on the three key
measures: 1) maintaining the interdependence of
global supply chains and the sustainability of the
EU single market; 2) ensuring openness to trade
and investment to prevent a lack of critical pro-
ducts for European countries; 3) creating condi-
tions to support the already launched processes
of transition to “green” and “digital” industry [3].
Germany’s National Industrial Strategy 2030 [4]
and the Franco-German Manifesto for European
Industrial Policy Fit for the 21 Century [5] recog-
nize the importance of an active European indust-
rial policy to promote Europe’s international com-
petitiveness in the context of Intensive Industry 4.0.

The special importance of industrial policy in
advanced economies is explained by a significant
impact of industry on socio-economic processes.
Firstly, it is industry that forms the demand for
research and development (R&D) and is the key
driving force of innovation in the economy. In the
EU, industry accounts for 64% of R&D expendi-
ture and almost 50% of innovation expenditure
[6, 5]; secondly, industry creates high-tech jobs
with decent working conditions and a demand
for highly skilled workers, thus contributing to
the accumulation of human capital. Through rai-
sing productivity and wages, it creates economic
conditions for increasing the welfare of the po-
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pulation. Thus, the EU had been trying for many
years to overcome the negative trends of decli-
ning employment in industry, so the recorded
growth of this indicator in 2014—2017 was offi-
cially recognized as a long-awaited event [7, 6].
The highest employment rates in industry (from
19 to 28% of all employed (aged 20—64)) were
recorded in the Czech Republic, Slovenia, Slova-
kia, Hungary, Poland, Romania, and Germany,
as of 2017 [7, 7]. In total, the European industry
provides 35 million jobs, mostly highly skilled
with above-average wage [2; 8, 8]; thirdly, indust-
ry fills the domestic market with domestic goods,
develops the country’s export potential (in par-
ticular, the EU industry accounts for 80% of ex-
ports [2]), strengthens the position of domestic
producers in European and world markets. The-
refore, industrial production and, above all, its
high- and medium-high-tech sectors are a widely
recognized driver of accelerated economic deve-
lopment in the world.

In Ukraine, although the need for radical struc-
tural changes has been emphasized, in fact there
have been reported opposite tendencies. During
the period of independence, Ukraine has practi-
cally lost its industrial assets, on which an inno-
vation-based economy may develop. The share of
the process industry in GDP decreased more than
4 times between 1992 and 2019 (Fig. 1).

Most branches of the domestic industry have
been using outdated equipment and technolo-
gies, which correspond to the third and fourth
technological systems that dominated in the late
19*—20t centuries [9, 7—9; 10, 117—118]. The
innovation activity of the industrial enterprises
remains low; the share of innovative industrial
enterprises in their total number decreased more
than twice in 2000—2019 [11, 71; 12, 195], which
does not allow domestic producers to compete
successfully in world markets. According to the
United Nations Competitive Industrial Perfor-
mance Index that measures the ability of count-
ries to produce high value-added products and
to develop high-tech industries, Ukraine is ran-
ked 69 out of 152 countries, behind Poland (23),
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Fig. 1. Dynamics of the share of the process industry in GDP of some countries
and Ukraine, %

Based on: the World Bank. World Development Indicators. Manufacturing. value
added (% of GDP). 2020. URL: https://data.worldbank.org/indicator/NV.IND.
MANEZS?locations=UA-CN-DE-CZ-JP-SK-PL-KR-IE (Last accessed: 07.05.2021).

Slovakia (24), Hungary (26), Romania (32), Bul-
garia (55), and Belarus (46) [13, 157—160]. The
increase in the share of raw materials and low
processed products in the commodity structure
of Ukraine’s exports indicates a clear agrariani-
zation of the country’s economy [14, 108]. Thus,
for Ukraine, the task of ensuring the develop-
ment of high-tech industries is currently one of
the main priorities, which greatly contributes to
the introduction of “smart specialization” app-
roach in the system of strategic regional develop-
ment planning [15—18].

The importance and problems of industrial de-
velopment have been studied by many foreign
and Ukrainian researchers. Thus, reflecting on the
causes of wealth and poverty, Norwegian econo-
mist E. Reinert have noted that all advanced
economies today used the same strategy, as they
abandoned the resource-based and extractive in-
dustries in favor of the process industry and nec-
essarily came through the period when emulation
(the aspiration and desire to grade up or to sur-
pass) was their main priority [19]. In this con-
text, it is worth mentioning that at the end of the
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18™ century, the first U.S. Secretary of Economy
A. Hamilton in his report to Congress said that
such an economically immature country as the
United States had to care of weak industries and
to protect them from powerful foreign competi-
tors until they became stronger. Germany man-
aged to overcome the deep post-war crisis of the
1940s and 1950s thanks to its production stra-
tegy and the conscious development of the pro-
cess industry. Japan made a rapid economic leap
through patents, intellectual property, and tech-
nology. At present, these countries are among the
top five in the above-mentioned Competitive In-
dustrial Performance Index [13, 157]. Neverthe-
less, today, popular models for the development
of poor economies, which aim at strengthening
market mechanisms and reducing the role of go-
vernment intervention, ignore the importance of
industrial development. This is true the recom-
mendations of the Washington Consensus, which
govern the international credit institutions led
by the International Monetary Fund.

Among the modern foreign researchers who
deal with the theory of industrial development,
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the problems of new industries based on Indust-
ry 4.0 technologies in the development of the fourth
industrial revolution, in particular in emerging
markets, there are K. Aiginger [20], S. Ezell [21],
H. Flegel [22], K. Kelly [23], J. Lin [24], D. Ro-
drik [20; 25], A. Ross [26], and K. Schwab [27].

In particular, D. Rodrik has stated that the fu-
ture of developing countries is associated with
modern disruptive technologies and new global
value chains [25]. Highlighting China’s success-
ful experience of industrial development, J. Lin
has emphasized that unlike in many other coun-
tries, in China, the industrial policy from the very
beginning has been focused on supporting the
strengths of production rather than on correc-
ting the weaknesses, which ultimately adversely
affects their competitive advantage. K. Kelly has
analyzed the technological trends that, in his opi-
nion, are inevitable and today have a profound
effect on all spheres of society, including indust-
rial production and employment [23]. A. Ross has
noted that the fourth industrial revolution will
boost economies that are among the first, relying
on their competitive advantages, unique experien-
ce, and innovation potential, to develop new in-
dustries shaping the highest-yielding markets in
the coming decades, such as medicine and geno-
mics, robotics and cyber defense. He believes, such
opportunities are still open to all economies, in-
cluding developing countries [26].

In Ukraine, the problems of industrial deve-
lopment and its individual industries, the forma-
tion and implementation of industrial policy at
the national and regional levels have been stu-
died by leading research institutions. The resear-
chers of the Institute of Economics and Forecas-
ting of the NAS of Ukraine [28] in their collec-
tive monograph have studied the structural re-
forms in the economy as the basis for inclusive
development of Ukraine, the problems of dein-
dustrial transformations in Ukraine and their con-
sequences for inclusiveness, as well as substantia-
ted the directions of inclusive industrialization
for achieving the ninth goal of the sustainable
development.
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The researchers of the Institute of Industrial
Economics of the NAS of Ukraine have published
a monograph on the problems of smart industry
in the digital economy [29]. In particular, they ha-
ve analyzed the problems and substantiated the
directions of the formation of smart production
in individual domestic industries, and made pro-
posals on fiscal, budget, financial and credit regu-
lation of the formation of smart industry in Uk-
raine in the context of achieving steady econo-
mic growth.

The collective monograph of researchers of
the Dolishnii Institute for Regional Studies of
the NAS of Ukraine deals with the problems and
prospects of the process industry development in
the regions of Ukraine [30]. The authors have con-
ducted a comprehensive study of the status, chal-
lenges, and prospects of the chemical, light, wood-
working, and agro-processing industries of Uk-
raine by regions, in terms of the need to develop
technologically advanced and export-oriented
economy.

The monograph published at the Research Cen-
ter for Industrial Development Problems of the
NAS of Ukraine deals with the development of
R&D and methodological principles and the me-
chanism for government support for the recon-
struction of Ukrainian industry [31]. The resear-
chers consider that the main elements of this
mechanism are development institutions, indust-
rial parks, and stimulating fiscal policy, which
together allow intensifying innovation and in-
vestment activities in the industrial sector of the
economy.

The researchers of the Institute of Market
Problems and Economic and Environmental Re-
search of the NAS of Ukraine in their research
work [32] have assessed the compliance of in-
dustry, innovation, and infrastructure of Ukrai-
ne with the modern requirements of sustainable
development, based on the developed set of indi-
cators. According to the assessment results, the
authors have identified a set of measures to regu-
late the development of environment friendly
production and the implementation of green and
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circular economy, with the use of domestic inno-
vative technologies.

However, the ongoing processes of economy
deindustrialization, the lack of real priorities for
the development of Ukraine’s process industry, and
European integration efforts of Ukraine require
further research on the development of national
industry in the light of European practices.

Given the above, the purpose of this research is
to identify the current trends in innovation pro-
cesses in the industry, by technology sectors, in
terms of opportunities and threats to neo-indust-
rial development of Ukraine. The research is
structured as follows: firstly, the institutional
principles for ensuring the modernization and de-
velopment of the national industry in accordance
with modern world trends have been systemati-
zed; the dynamics and the innovation activity of
industries in 2015—2019, by technological sec-
tors, have been analyzed and assessed in accor-
dance with the methodology of Eurostat in terms
of costs and benefits; finally, there are given the
conclusions and proposals on the directions of
neo-industrialization of Ukraine’s economy, which
allows improving the innovative industrial policy
at the national, regional, and sectoral levels.

Institutional Principles of National
Industry Development in Accordance
with Modern World Trends

During the years of Ukraine’s independence, the
industrial development did not receive due atten-
tion from the state, which has led to its current
crisis. Back in 2003, the Concept for the State In-
dustrial Policy was approved by the Decree of
the President of Ukraine, but no relevant long-
term program for its implementation has been de-
veloped. Industry has been gradually pushed out
of the priorities of government economic policy.
The most important component of the economy
did not have a separate governing body capable
of ensuring its progressive development. Estab-
lished in 2012, the Ministry of Industrial Policy
of Ukraine, which had previously been reorgani-
zed several times, was reformed again in 2014
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into a department of the Ministry of Economic
Development and Trade of Ukraine. As late as in
July 2020, the government established the Mi-
nistry for Strategic Industries of Ukraine.

In 2016, the National Committee for Indust-
rial Development was established as an advisory
body to the Cabinet of Ministers of Ukraine in
order to develop recommendations for transfor-
ming Ukraine’s economy from a resource-based
to a high-tech industrial one. The Committee ex-
perts developed important initiatives and deci-
sions [33, 19], but most of them did not receive
any financial support from government and, in
2020, the Committee was abolished and repla-
ced by the Coordination Center for Industry with
the same legal status and a new purpose “to ensu-
re concerted action for developing the priorities
of the government industrial policy and the me-
chanism of sustainable development of the indust-
ry” [34]. This indirectly testifies to the fact that
Ukraine’s government has no intentions to build
a competitive industrialized country, which nei-
ther meets the interests and requirements of eco-
nomic security of Ukraine under the conditions
of globalization and increasing international com-
petition and nor complies with the national Sus-
tainable Development Goals [35, 61—75].

The current situation has been largely caused
by the lack of conceptual and strategic support
for the country’s industrial growth, despite repea-
ted efforts. In 2016, a draft Strategy for the deve-
lopment of high-tech industries until 2025 was
developed, but it was not supported by the Ca-
binet of Ministers of Ukraine. In 2018, a draft
Strategy for the Development of Ukraine’s In-
dustrial Complex up to 2025 was prepared and
discussed, but remained officially unapproved,
despite the fact that it was a part of the Action
Plan for the implementation of the Association
Agreement between Ukraine and the EU [36]
and recommended for achieving the ninth goal of
sustainable development of Ukraine to promote
inclusive sustainable industrialization [35, 75].
In particular, the draft contained a list of measu-
res for the development of Industry 4.0 in Ukraine,
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including the audit of infrastructure, the promo-
tion and advancement of 4.0 technologies, the app-
lication of information and communication tech-
nologies, and the implementation of international
standards in industrial production. However, it
did not provide any instruments for financial sup-
port of the implementation of these measures and
any ways to establish cooperation between all sta-
keholders in this process.

In fact, the only valid strategic document that
identifies the areas and initiatives to promote the
development of Ukraine’s Industry 4.0 capacity
is the Concept for the Development of the Digi-
tal Economy and Society of Ukraine, but it ex-
pired at the end of 2020. The directions and ini-
tiatives enshrined in the Concept are important
for increasing the readiness of Ukrainian indus-
try, economy, and society for the fourth industrial
revolution, but their implementation is limited to
formal steps. The government has neither initia-

ted any large-scale digitalization programs and
projects, in particular, in the sphere of industrial
production, nor introduced any incentives to in-
crease the demand of enterprises for new equip-
ment and digital technologies.

In 2018, a group of experts from the Associa-
tion of Industrial Automation Enterprises of Uk-
raine developed a draft Industry 4.0 national de-
velopment strategy, submitted it to the govern-
ment. Prepared by the experts in high-tech in-
dustry, it deserves special attention because, given
the crisis in the industry, it states that Ukraine
may be at least a regional leader in complex and
knowledge-intensive engineering services.

In March 2021, the National Economic Strate-
gy up to 2030 was approved. However, the need
for industrial development is mentioned neither
in the vision, nor in the goal and guidelines of the
Strategy. The mission is innovation-based econo-
mic growth, but it is unknown how it should be

Table 1. Classification of Ukraine’s Industries by Level of Manufacturability, Based on Eurostat Methodology

Pharmaceuticals

Computers, electronic and optical products

Chemical substances and chemical products

Electrical equipment

Other machinery and equipment

Motor vehicles, trailers and semi-trailers and other vehicles
Coke and refined petroleum products

equipment
Food, beverages, and tobacco products

Wood products, paper-making and printing

Industrial sect KVED Classification of industries by level;
naustriat sector code 2010 of manufacturability
Process industry C

Rubber and plastic products, other non-metallic mineral products
Metallurgical products, finished metal products other than machinery and

Textile manufacture, clothing, leather, leather products and other materials

Furniture, other products, repair and installation of machinery and equipment

21 high-tech

26 high-tech

20 medium-high-tech

27 medium-high-tech

28 medium-high-tech
29 +30 |medium-high-tech*

19 medium-low-tech
22 +23
24 + 25

medium-low-tech
medium-low-tech**

10+ 11 +12
13+ 14+ 15
16 +17 + 18
31+32+33

low-tech
low-tech
low-tech***
low-tech****

* except for shipbuilding (medium-low-tech sector) and manufacture of aircraft and spacecraft (high-tech sector); ** except
for manufacture of weapons and ammunition (medium-high-tech sector); *** except for reproduction of recorded informa-
tion (medium-low-tech sector); **** except for manufacture of medical and dental instruments and materials (medium-

high-tech sector).

Based on Eurostat indicators on High-tech industry and Knowledge-intensive services. Annex 3 High-tech aggregation by
NACE Rev.2. Aggregations of manufacturing based on NACE Rev. 2. Eurostat. 2008. URL: https://ec.europa.eu/eurostat/
cache/metadata/Annexes/htec_esms_an3.pdf (Last accessed: 20.05.2021)
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Fig. 2. Expenditure on innovations and sale of innovation products in Ukraine in
2006-2019 (as compared with the previous year)

achieved without the developing the industrial
sector. In the list of the strategic directions of the
economic policy up to 2030, industry is ranked
tenth, behind the agro-industrial complex. The list
of the strategic goals in the industry |37, 134]
shows that the National Economic Strategy aims
neither at significantly modernizing industry, nor
at reforming the structural and technological
components of the economy, nor at forming the
smart industry in accordance with the European
strategies of progressive industrial development.
Without this, it is hardly possible to enhance na-
tional competitiveness and to ensure the transi-
tion to a new high-tech model of development.

Analyzing the Parameters
of the Innovation Activities
of the National Industries
by Technological Sectors

To develop an effective innovation industrial pol-
icy and assess the direction of technological de-
velopment of industry on the way to Industry 4.0,
it is advisable to analyze the parameters of its in-
novation by technology sectors based on Eurostat
methodology (Table 1), which is a modern stan-
dard for EU member states. members of the EU
and other countries that have harmonized national
classifiers and statistics with European standards.

Based on Eurostat indicators on High-tech in-
dustry and Knowledge-intensive services. Annex
3 High-tech aggregation by NACE Rev.2. Aggre-
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gations of manufacturing based on NACE Rev. 2.
Eurostat. 2008. URL: https://ec.europa.eu/eu-
rostat/cache/metadata/Annexes/htec_esms
an3.pdf (access date: 20.05.2021).

All industries of Ukraine have different level of
manufacturability. The analysis of the dynamics
of innovative development of industrial activities
by technological sectors has allowed identifying
the dominant trends and assessing them from the
standpoint of opportunities and threats to neo-
industrial development of Ukraine. Neo-indust-
rialization involves the transition to a new, smart
industrialization [38, 7] or transition to a new,
sixth, technological structure (Industry 4.0), ma-
nufacture of high value-added products that are
individualized, nanosized, biotechnology-inten-
sive, cognition-intensive, involving the develop-
ment of additive and key technologies 4.0 through
reindustrialization and reshoring, i.e. increasing
the jobs in national economy based on these tech-
nologies [39, 27]. This concept has gained popula-
rity quite recently, although the first studies star-
ted even earlier than the post-industrialization
research. In 1967, John Kenneth Galbraith put
forward the idea of a new industrial society, the
main feature of which was change in the structu-
re of the working class by increasing the share of
those employed in high-skilled labor [40]. Unlike
the concept of post-industrialization, which is
also based on shifting the structure of employ-
ment in the economy towards the service sector,
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Table 2. Dynamics and Structure of the Innovation Expenditure by Technology—Intensive Industries in 2015—2019

Total expenditure, UAH million
Industrial sector 2018 2019
2015 2018 2019
% with respect to 2015

Ukraine’s industry 13813.7 12180.0 14220.9 88.2 102.9
Process industry 13171.5 11051.3 11002.5 83.9 83.5
High-tech sector

pharmaceuticals 1589.4 595.0 1449.2 37.4 91.2

computers, electronic and optical products 183.8 470.9 221.6 256.2 120.6
Total 1773.2 1065.9 1670.8 60.1 94.2
Medium high-tech sector

chemical substances and chemical products 130.9 110.9 906.0 84.7 692.1

electrical equipment 185.7 538.0 483.0 290.0 260.1

other machinery and equipment 747.7 1049.7 1019.5 140.4 136.4

motor vehicles, trailers and semi-trailers, etc. 471.6 9229 362.8 195.7 76.9
Total 1535.9 2620.8 2771.3 168.7 180.4
Medium low-tech sector

coke and refined petroleum products 26.9 1.0 c! 3.6 —

rubber and plastic products, other non-metallic products 127.7 862.9 560.8 675.7 439.2

metallurgy, finished metal products other than machinery

and equipment 7901.3 4437.4 2025.2 56.2 25.6
Total 8055.9 5301.3 2586.0 65.8 321
Low-tech sector

food, beverages, and tobacco products 1540.3 1336.9 3227.7 86.8 209.6

textile manufacture, clothing, leather, leather products and

other materials 40.5 79.5 81.4 196.4 200.9

wood products, paper-making and printing 143.6 461.8 415.9 321.6 289.6

furniture, other products, repair and installation of machi-

nery and equipment 82.0 184.6 17741 225.0 215.9
Total 1806.4 2062.8 3902.1 114.2 216.0

! confidential information
Estimated and prepared based on [11, 79; 41, 70; 42, 150].

the main task of neo-industrialization is to main-
tain high rates of production in the high-tech and
medium-high tech sectors.

The analysis has been carried out from the
standpoint of costs and benefits, as evidenced
by innovation products sold (sales of innovation
products). The data in Fig. 2 indicate a close rela-
tionship between these parameters at least until
2018. After this, the relationship manifests itself
with a lag of at least one year. The comparison of
costs and benefits allows assessing the effective-
ness of innovation in industries.

10

In the structure of innovation costs, the expen-
diture on internal (in-house) and external R&D
works that ensures the development of new pro-
ducts and technologies is very important. In Uk-
raine, in recent years, the total expenditure on in-
novation and the expenditure on in-house R&D!
have been varying significantly from year to year
and generally shown a downward trend (Table 2),
but in some sectors their dynamics differ. In 2019,

! The expenditure on external R&D is not taken into conside-
ration, since in the recent years, not all corporations have
been reporting on it.
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Including, in-house R&D, UAH million Structure of expenditure by industries, %
2018 2019 Total expenditure In-house R&D expenditure
2015 2018 2019
% with respect to 2015 | 2015 2018 2019 2015 2018 2019
1834.1 2706.1 2449.9 147.5 133.6 100 100 100 100 100 100
1819.3 2303.0 1981.2 126.6 108.9 95.3 90.7 77.4 99.2 85.1 80.9
861.6 362.8 569.1 421 66.1 11.5 49 10.2 47.0 13.4 23.2
96.6 273.7 115.7 283.5 119.8 1.3 39 1.6 5.3 10.1 4.7
928.2 636.5 684.8 68.6 73.8 12.8 8.8 11.8 52.3 23.5 279
55.1 34.8 329.3 63.2 597.6 0.9 0.9 6.4 3.0 1.3 13.4
124.4 261.9 297.9 210.5 239.5 1.3 4.4 3.4 6.8 9.7 12.2
411.9 526.3 426.3 127.8 103.5 5.4 8.6 7.2 22.5 19.5 17.4
151.3 559.5 179.7 370.0 118.8 3.4 7.5 2.6 8.2 20.7 7.3
742.7 1382.5 1233.2 186.1 166.0 11.0 214 19.6 40.5 51.2 50.3
— — — — — 0.2 0.0 — — — —
0.7 41.0 c 58.6 times — 0.9 7.1 39 0.0 1.5 —
15.0 112.9 c 7.5 times — 57.2 36.4 14.2 0.8 4.2 —
15.7 152.9 — 9.7 times — 58.3 43.5 18.1 0.8 5.7 —
82.8 44.2 c 53.4 — 11.2 11.0 22.7 4.5 1.6 —
9.6 9.4 c 97.9 — 0.3 0.7 0.6 0.5 0.3 —
3.1 20.3 c 6.5 times — 1.1 3.8 29 0.2 0.7 —
7.3 56.1 c 7.7 times — 0.6 1.5 1.2 0.4 21 —
102.8 130.0 — 126.5 — 13.2 17.0 27.4 5.6 4.7 —

the total cost of innovation in the high-tech sec-
tor decreased by 5.8% because of the pharma-
ceutical industry. As a result, the share of the sec-
tor in the total investment in innovation decrea-
sed by 1%.

The same trend is observed in the dynamics of
expenditure on in-house R&D, as in 2016—2019,
their amount decreased by 1.5 times. In 2015, the
high-tech sector provided more than half (52.3%)
of the expenditure on in-house R&D; while in
2019, its share made up only 27.9%. At the same
time, the manufacturers of pharmaceuticals and
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drugs in 2019 significantly increased their expen-
diture as compared with 2018 (2.4 times). On the
contrary, the manufacturers of computers, elec-
tronic and optical products significantly (more
than twice) reduced it, which indicates the un-
stable innovation processes in this sector.

The medium-high-tech sector shows the oppo-
site, generally positive, dynamics. During the pe-
riod from 2015 to 2019, in all industries (except
for the manufacture of motor vehicles), there was
reported a tendency to increase the overall invest-
ment in innovation, as well as the expenditure on
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Table 3. Dynamics and Structure of Innovation Products Sold by Technology-Intensive Industries

Sales of innovation products, UAH million
Industrial sector 2018 2019
2015 2018 2019
% with respect to 2015

Ukraine’s industry 23050.1 24861.1 34264.9 107.9 148.7
Process industry 22897.9 244291 33495.7 106.7 146.3
High-tech sector

pharmaceuticals 624.5 879.8 667.7 140.9 106.9

computers, electronic and optical products 466.1 1044.9 881.4 224.2 189.1
Total 1090.6 1924.7 1549.1 176.5 142.0
Medium high-tech sector

chemical substances and chemical products 1918.9 963.7 4411 50.2 23.0

electrical equipment 1389.0 1382.7 1481.2 99.5 106.6

other machinery and equipment 3246.9 1854.7 4976.5 571 153.3

motor vehicles, trailers and semi-trailers, etc. 2187.2 3746.7 2390.8 171.3 109.3
Total 8742.0 7947.8 9289.6 90.9 106.3
Medium low-tech sector

coke and refined petroleum products 270.6 ¢ c! — —

rubber and plastic products, other non—metallic products 565.5 2092.2 1446.0 370.0 255.7

metallurgy, finished metal products other than machinery

and equipment 6174.6 3718.7 13387.5 60.2 216.8
Total 7010.7 5810.9 14833.5 82.9 211.6
Low-tech sector

food, beverages, and tobacco products 4874.5 6292.4 5779.9 129.1 118.6

textile manufacture, clothing, leather, leather products and

other materials 112.8 437.6 52.3 387.9 46.4

wood products, paper-making and printing 675.2 1295.9 661.1 191.9 97.9

furniture, other products, repair and installation of ma-

chinery and equipment 391.8 713.7 334.4 182.2 85.3
Total 6054.3 8740.2 6827.7 144.4 112.8

! confidential information
Estimated and prepared based on [11, 94; 41, 82; 42, 172].

in-house R&D. Therefore, the share of this sector
in the total expenditure has almost doubled, and
it has become dominant (50.3%) in terms of the
expenditure on in-house R&D. However, the to-
tal expenditure on innovation in 2019 decreased
as compared with the previous year in all indust-
ries (except for chemical production). This indi-
cates a decrease in the ability or interest of corpo-
rations to invest in innovation.

The medium-low-tech sector is the most proble-
matic, as it includes the coke and refining indust-
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ry that has lost a significant share of its resources
because of external factors and has almost stopped
innovating. There was reported a significant re-
duction in the total expenditure on innovation
in the metallurgical industry, the share of which
in 2015 accounted for 57%. Only in the manufac-
ture of rubber and plastic goods there was a sig-
nificant positive trend, especially, in the expen-
diture on in-house R&D (in 2018, it increased
58.6 times ?). In the low-tech sector, as of 2019,
the total expenditure on innovation grew in all
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Sales of innovation products that are new for the market, UAH million

Structure of innovation products sold, by industries,%

2018 2019 Total sales of innovation Total sales of innovation products
2015 2018 2019 products that are new for the market
% with respect to 2015 2015 2018 2019 2015 2018 2019
7284.2 7863.8 6826.2 108.0 93.7 100 100 100 100 100 100
72821 7840.7 6817.2 107.7 93.6 99.3 98.3 97.8 99.9 99.7 99.9
62.3 97.5 39.3 156.5 63.1 2.7 3.5 1.9 0.8 1.2 0.6
3329 220.6 581.9 66.3 174.8 2.0 4.2 2.6 4.6 2.8 8.5
395.2 318.1 621.2 80.5 157.2 4.7 7.7 4.5 5.4 4.0 9.1
944.4 369.8 35.4 39.2 3.7 8.3 39 1.3 13.0 4.7 0.5
1120.2 495.5 413.9 44.2 36.9 6.0 5.6 4.3 15.3 6.3 6.1
2606.1 961.1 2451.2 37.0 94.1 14.1 7.5 14.5 35.7 12.2 35.9
733.4 1493.7 1475.0 203.7 201.1 9.5 15.1 7.0 10.1 19.0 21.6
5404.1 33201 4375.5 61.4 81.0 37.9 32.1 271 741 42.2 64.1
211 — c — — 1.2 c c 0.3 — —
262.4 1070.8 c 408.1 — 2.5 8.4 4.2 3.6 13.7 —
150.2 237.1 ¢ 158.0 — 26.8 14.9 39.1 2.1 3.0 —
433.7 1307.9 — 301.6 — 30.5 23.3 43.3 6.0 16.7 —
877.6 2253.1 847.9 256.7 96.6 211 25.3 16.9 12.0 28.7 12.4
56.5 25.0 ¢ 44.2 — 0.5 1.8 0.2 0.8 0.3 —
1.4 447.8 c 320 times — 29 52 1.9 0.02 5.7 —
113.5 168.1 ¢ 148.1 — 1.7 29 1.0 1.6 2.1 —
1049.0 2894.0 — 275.9 — 26.2 35.2 20.0 14.4 36.8 —

industries. The largest amount belonged to food
industry as the most powerful industry of this
group. As a result, the share of this sector in the
total expenditure increased from 13.2%, in 2015,
to 27.4%, in 2019, i.e. in terms of the total expen-
diture on innovation, this sector became domi-
nant. However, in general, the industries of this

21t is impossible to analyze the changes in the amount and
structure of expenditure on in-house R&D in the medium
high-tech and low-tech sectors in 2019 because this infor-
mation is not disclosed by the corporations.

ISSN 2409-9066. Sci. innov. 2022.18(1)

group have a very small share of the expenditure
on in-house R&D, which confirms the classifica-
tion as low-tech sector.

The analysis of the amount and dynamics of
investment in innovation has shown that the me-
dium-high-tech (except for motor vehicles) and
the low-tech sectors had the most positive dyna-
mics and the greatest investment potential in the
reporting period.

The main result of innovation is the release of
innovation products, especially, new products for
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the market, which indicates a truly innovative
shift in production (Table 3). In the high-tech
sector, the amount of innovation products sold
increased by 42%, but its share in the total inno-
vation products sold in the industry decreased.
On the positive side, in 2019, the share of the sec-
tor in the structure of innovation products (new
to the market) sold grew significantly, because of
the increase in this category in the manufacture
of computers, electronic and optical products.
The industries of the medium-high-tech sector
show contradictory dynamics: only in the manu-
facture of motor vehicles there was reported an
increase in both the total innovation products
sold and innovation products sold, which were new
to the market. Chemical production was charac-
terized by a significant decline in the sales of in-

novation products, especially those that were new
products for the market, as a result of a reduction
in the expenditure on innovation in this indust-
ry, in 2018. Other industries of this sector showed
an increase in the total innovation products sold
in 2019, but the share of products that were new
to the market decreased. In general, this sector ga-
ve up positions in the production and sale of in-
novation products.

The medium-low-tech sector includes the prob-
lematic industry of coke production, where inno-
vation has virtually stopped. In 2019, the metal-
lurgical industry and the manufacture of rubber
and plastic products showed an unstable increase
in the sales of innovation products, which ensu-
red an increase in the share of this sector in the
structure of the total innovation products sold by

Table 4. Sales of Innovation Products per Unit of Investment, UAH million

2018 2019
Industrial sector 2015 2018 2019
% with respect to 2015

Ukraine’s industry 1.668641 | 2.041141 | 2.409473 122.3 118.0
Process industry 1.738443 1 2.210518 | 3.044362 127.2 137.7
High-tech sector

basic pharmaceutical products and pharmaceuticals 0.392916 | 1.478655 | 0.460747 | 376.3 117.3

manufacture of computers, electronic and optical products 2.535909 | 2.218942 | 3.977778 87.5 156.9
Medium high-tech sector

chemical substances and chemical products 14.65928 | 8.689811 | 0.486892 59.3 3.3

electrical equipment 7.479806 | 2.570074 | 3.066543 34.4 41.0

other machinery and equipment 4.342517 | 1.766886 | 4.881116 40.7 112.4

motor vehicles, trailers and semi-trailers, etc. 4.637829 | 4.059703 | 6.590309 87.5 142.1
Medium-low-tech sector

coke and refined petroleum products 10.05948 c! c — —

rubber and plastic products, other non-metallic mines. products | 4.428348 | 2.424615 | 2.578240 54.8 58.2

metallurgy, finished metal products other than machinery and

equipment 0.781466 | 0.838036 | 6.610593 107.2 845.9
Low-tech sector

food, beverages, and tobacco products 3.164643 | 4.706710 | 1.790694 148.7 56.6

textile manufacture, clothing, leather, leather products and

other materials 2785185 | 5.504403 | 0.642993 197.6 231

wood products, paper-making and printing 4.701950 | 2.806193 | 1.589554 59.7 33.8

furniture, other products, repair and installation of machinery

and equipment 4.778049 | 3.866197 | 1.887582 80.9 39.5

! confidential information.

Estimated and prepared based on [11, 94; 41, 70, 82; 42, 150, 172].
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almost 13%. However, it is impossible to analyze
the changes in the amount and structure of the
innovation products sold, which were new to the
market, in 2019, because the corporations of this
sector keep this information confidential. The sa-
me is true for the low tech sector all industries of
which have been showing a decrease in the inno-
vation products sold, except for food industry,
thanks to which this indicator for the sector has
increased. In general, the share of this sector in
the total innovation products sold downed from
26.2 to 20.0%.

Based on the analysis, it may be concluded that
the level of manufacturability of the innovation
products sold in 2019 decreased as compared
with 2015, but there were reported some positive
trends as compared with 2018. Despite the fact
that the amount of innovation products sold in
the high-tech sector increased 1.4 times, it has
a small share in the total sales of innovation pro-
ducts (4.5%). A significant reduction in this indi-
cator for the medium-high-tech sector has led to
the fact that these two sectors provide only about
30% of the sales of innovation products against
42.6%, in 2015. However, it is positive that the
total share of innovation products of these sec-
tors, which are new to the market, remains high
(73.2%), in 2019 (in 2015, 79.5%). The leader in
the dynamics of innovation products sold for the
reporting period is the medium-low-tech sector
(in 2018, it was the low-tech sector).

However, in 2018—2019, the high- and medium-
high-tech sectors worsened their positions in the
total sales of innovation products. Thus, the share
of less knowledge-intensive industries started do-
minating in the manufacture of industrial inno-
vation products, which adversely affects the fur-
ther technological development of Ukraine’s eco-
nomy and its competitiveness.

The innovative capacity of products (the amount
of innovative products of the industry as the sha-
re of the total output of this industry) varies wi-
dely by type of industrial activity. In 2019, it sho-
wed positive dynamics mainly in the medium-
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low-tech and low-tech sectors, but in the know-
ledge-intensive industries, the indicator demon-
strated negative dynamics [11, 94; 41, 82; 42, 172].
This is because of decreasing return on invest-
ment in innovation. The analysis has shown that
the sales of innovation products per unit of ex-
penditure on innovation dropped in most indust-
ries (Table 4).

The return on investment (ROI) in innovation
varies greatly through the industries. On the ne-
gative side, there is the fact that pharmaceuticals
(one of the industries of the high-tech sector) as
well as chemical and textile industries have the
lowest ROI, although in 2018, these industries
showed high returns. In 2015—2019, a significant
increase in ROI was observed in metallurgy, ho-
wever, it was rather low in 2015. All industries
of the low-tech sector, as well as the manufactu-
re of electrical equipment, rubber and plastic pro-
ducts demonstrated dropping ROI.

Conclusions

Ukraine needs to pursue a systematic, consistent
innovation-based industrial policy aiming at over-
coming technical and technological backward-
ness and at ensuring progressive structural trans-
formations in the economy for the purpose of buil-
ding a modern competitive industry as a basis for
developing the domestic market, increasing ex-
ports of high value-added goods and services, com-
batting poverty, and forming the middle class.
Institutional support for the modernization
and development of the national industry in ac-
cordance with modern world trends remains a
relevant issue. This applies to both the legal fra-
mework and the activities of the respective mi-
nistry. The solution of this problem requires ana-
lyzing the status and problems of Ukraine’s in-
dustrial development, studying and using positive
experience in the innovation-oriented industrial
policy and the best practice in the sphere of de-
veloping a progressive strategy for Ukraine’s
industrial complex on the basis of Industry 4.0,
as well as improving the industrial policy, which
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have been elaborated by researchers of the NAS
of Ukraine, representatives of the business sector
and NGOs, who contribute to the development
of high-tech industry in Ukraine.

The analysis of innovative activity of the pro-
cess industry of Ukraine has shown unstable dy-
namics and a significant discrepancy between the
tech sectors. The share of the high-tech sector in
the total innovations is insignificant and tends to
decrease both in terms of investment in innova-
tion and in terms of the share of innovation prod-
ucts sold. In the medium-high-tech and low-tech
sectors, the investment in innovation is growing,
but the sales of innovation products have been
declining, which adversely affects the return on
investment. The innovation activity in the medi-
um-low-tech sector has been growing against the
background of dropping investment in innova-
tion, which indicates raising efficiency in this sec-
tor, mainly due to metallurgy. The medium-low-
tech and low-tech sectors whose share in the total
sales of innovation products has been increasing
and as of 2019 amounted to 63.3% against 56.7%,
in 2015, have a small share in the expenditure on
in-house R&D, which leads to a decrease in the
knowledge-intensity of the innovation products
and the simplification of industrial innovations.
The innovation capacity of domestic products va-
ries widely throughout the type of industry and
has a pronounced negative trend, in particular,
as a result of a low return on investment in inno-
vation in most industries.

It should be noted that industrial corporations
alone are unable to bring the country out of the
innovation and technological decline. Active go-
vernment support is required. This support shall
comprise both the horizontal measures (the in-
troduction of favorable tax, credit, and customs
regulation, non-fiscal incentives) and the orga-
nization of conditions for dialogue between the
stakeholders and the groups (corporations, resear-
chers, NGOs, and local authorities) in terms of
developing joint decisions on the areas of moder-
nization and smart specialization of regions and
the country as a whole. It is necessary to genera-

16

lize and systematize the best practice in elabora-
ting a progressive strategy for the development
of the industrial complex of Ukraine on the basis
of Industry 4.0 and to adopt this strategy for the
implementation with appropriate funding. These
tasks should be a priority for the Cabinet of Mi-
nisters of Ukraine and the newly established Mi-
nistry of Strategic Industries of Ukraine. It is ad-
visable to constantly monitor the indicators of
innovation in all industries.

It is necessary to implement the directions and
measures aiming at neo-industrialization of Uk-
raine, including the following ones:
¢ to create favorable economic and institutional

conditions for supporting cluster development

primarily in the high-tech and medium-high-
tech sectors in order to form new modern in-
dustries on their basis as well as to establish
the legislative framework for the creation of
clusters in accordance with the EU practices;

¢ to encourage the integration of engineering in-
dustries with science to generate demand from
engineering companies for academic and in-
dustry science, in particular by means of inno-
vation voucher tool;

¢ to reduce economic pressure on producers from
the high- and medium-high-tech sectors by op-
timizing the tax framework, timely refunding
VAT, and regulating tariffs for services of ener-
gy suppliers and transport monopolies;
¢ tointroduce tools for financial support of imp-
lementing smart specializations in the regions
of Ukraine for attracting producers to coopera-
tion with science and local authorities through
meetings, discussions, and coordination of joint
actions;

¢ to support the startup sector as an innovation
leader in the economy by increasing funding
of innovation-based businesses at early stages
through the Ukrainian Startup Fund,

¢ to launch government targeted programs (GTP)
for reindustrialization of the economy; to this
end, it is necessary to lift the ban on the prepa-
ration of new GTP, which was introduced by
the Resolution of the Cabinet of Ministers of
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Ukraine on the Efficient Use of Public Funds
(paragraph 12) dated October 11, 2016 [43];

to develop the educational system in accor-
dance with the needs of neo-industrialization,
to increase the number of specialists in engi-
neering and natural sciences by expanding the
admission of students to universities in these
specialties, in particular by government order;
to ensure a gradual (during 2022—2027) in-
crease in funding of science as a foundation for
the emergence and development of new indust-
ries® at the expense of public and private sour-
ces to 3% of GDP, as established by the law of
Ukraine. This is an important signal to Euro-
pean partners about the seriousness of Ukraine’s

intentions and readiness to promote science

and innovation in the long run.

These measures shall be taken immediately, as
the centers of development of new industries in
the world have not yet been formed and still there
is an opportunity to ride a new crest of technolo-
gical innovation, which is always open to count-
ries in the course of technological revolution. In
this context, an important area for further re-
search is to substantiate tools for supporting the
development of high-tech industries for domestic
producers to be included into the global supply
chains on more favorable conditions and to ensu-
re the country’s industrial progress based on neo-
industrialization.
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CYYACHI TEHJEHIIIT TA TEPCIIEKTUBU PO3BUTKY
ITHHOBAIIMHOT ISIIBHOCTI 3A TEXHOJIOTTYHUMU
CEKTOPAMU ITPOMUCJIOBOCTI YKPATHU

Beryn. Pos6y/ioBa iHHOBAIIHO-KOHKYPEHTOCIIPOMOKHOI Ta BUCOKOYKJIAJHOT MOJIeJIi €KOHOMIKU KpaiHu HeMOKJuBa 6e3
CY4aCHOI PO3BUHYTOI IIPOMUCJIOBOCTI.

IIpo6GaemaTuka. [[1s1 3a1yCKy CTPYKTYPHO-TEXHOJIOTIYHUX II€PETBOPEHb YKpaiHi HOTPiOHO 3AIHCHIOBATH CHCTEMHY, 10~
CJTiZIOBHY iHHOBAIIHY TTPOMUCJIOBY MOJITHKY, CIIPSIMOBAaHY Ha HEOIHIyCTPiai3alliio SIK OCHOBY PO3BUTKY BHYTPIllTHHOTO
PHUHKY, HAPOIIIEHHSI eKCIIOPTY TOBAPIB 3 BUCOKOIO JIOJIAHOI0 BAPTICTIO, MiIBUIIEHHS STKOCTI JKUTTSI HACETIEHHSI, 3HUKEHHS PiB-
Hs1 GiHOCTI, POPMYBAHHS CEPEIHBOTO TIPOIIAPKY CYCIIIbCTBA.

Mera. BusHaueHHs1 Cy4acHUX TEHJIEHIIIN 1epebiry iHHOBAIIHHUX MPOLECIB Y TPOMUCIOBOCTI Y PO3Pi3i TEXHONOTTUHIX
CEKTOPIB 3 MO3UIlii MOKJIMBOCTEH 1 3arpo3 /1J1 HEOIH/[yCTPiaIbHOTO PO3BUTKY YKPaAiHU.

Marepiam it metou. Jlocmikentst 6a3y€eThCst Ha TOJIOKEHHSX HEOITYMIIETEPiBChKOI KON Ta IHCTUTYIHOHAIBHOT Teo-
pii, CIIMPAEThCsl HAa TEOPETUYHI HANIPAIIOBAHHS YKPATHCHKUX i 3apyOisKHIUX yUeHnX 3 IpobJieM iHHOBaIliii Ta peaisaiiii cTpyk-
TYPHO-TEXHOJIOTIYHNX 3MiH B eKOHOMIIli. Bukopucrano metonn anasmisy i CHHTE3Y, JIOTITHOTO y3araJbHEHHS, CHCTEMHOTO
MiZXO/Y, CTATUCTUYHOTO aHAI3Y.

Pesyabratu. BusnaueHo HechopMoBaHicTh iHCTUTYIIHHUX 3acajl MOJIEPHi3allii Ta PO3BUTKY IPOMMCJIOBOCTI YKpaiHu
BI/IMIOBIIHO /10 CYYaCHUX CBITOBUX TPEHJIIB. 3/1iliCHEHO aHaJIi3 IHHOBAIIIHOI AisSJIbHOCTI rajiy3eii HalliOHAJIBHOI IPOMUCIIO-
BOCTi y PO3pi3i BUTpAT i pe3yabTaTiB, SKi CUCTEMATH30BAHO 32 PIBHSIMU TEXHOJIOTIYHOCTI Ha OCHOBI MeTOAMKN €BpoCTary.
BusiBiieHo HecTabiibHyY AMHAMIKY Ta CYTTEBY PO3OIKHICTh MisK TEXHOJIOMYHUMU CEKTOPAMMU, 3HUKEHHST HAyKOMICTKOCTI iH-
HOBaLilHOI MPOAYKILil, HU3bKY eeKTUBHICTh iHBeCTHUIIN B iHHOBALIT y GIJIbIIOCTI rasyseid, TEHAEHIII0 10 TpUMIiTUBI3allii
IHHOBAIINHO] JSIIBHOCTI Y TIPOMUCJIOBOCTI.

BucHoBKH. 3a11pOIIOHOBAHO HAIIPSIMU i 3aX0/I1 iIHHOBAIIITHOT TPOMUCJIOBOI TIOJIITUKY, CIIPSIMOBaHI Ha HEOIH/lyCTpiaJti3a-
11it0 YKpaiHu Ta BUBe/IeHH 11 3 IHHOBAI[IHHO-TEeXHOJIOTIYHOTO 3aHeTauy.

Knwouosi crnoea: inHoBalii, iHHOBaIITHA MiSIJIBHICTB, TPOMHUCIIOBICTh, TEXHOJOTIYHUI CEKTOP, iIHHOBAIlIITHA TPOMHUCIIOBA
TIOJTITUKA, HEOIHyCTpiasti3artis.
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