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Abstract

The article examines studying the relationship between the level of innovation in different countries and the efficiency of their resource
use, in order to better understand the potential impact of increased adoption of new technologies on the responsible use of resources in the
future. Two country’s samples were created for the study: the first includes 36 world economies, with calculations of energy and labour
resource use efficiency, taking into account the size of the economy and the level of innovation achieved; the second sample includes
data on the material footprint of 121 countries, along with levels of innovation and economic development. The empirical confirmation
of the hypothesis that there is a relationship between the level of economic innovation achieved and the efficiency of resource use is a
key finding. Furthermore, the results of the correlation analysis indicate a direct and close relationship between a country’s economic
innovativeness and its consumption volume of natural resources. This relationship can be described by a linear function. The analysis
also confirms that as the population’s welfare and economic innovativeness grow, the state’s material footprint increases. The study is
of theoretical and practical importance, encouraging the improvement of tools to ensure innovative development based on responsible
production and consumption of resources. This approach aims to achieve better results at the same cost. Identifying the necessary factors
related to innovative activity and efficient resource use by enterprises, as well as establishing functional dependencies between these
variables, represent prospective areas for further research. In addition, a detailed examination of the experiences of Russian companies
and their implications regional differentiation in terms of innovation and resource efficiency is a logical next step.

Keywords: resource efficiency, innovation, energy efficiency, labor productivity, material footprint, country, level of development,
economy.
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Introduction

The ever-increasing needs of humanity and the desire to
improve the well-being of the economy in every way possible
are leading to the rapid depletion of limited resources
and their scarcity. This leads, on the one hand, to fierce
competition and higher prices for resources and, on the other,
to the problem of resource conservation, i.e. more rational
consumption. The problem is further complicated by the
fact that intensive production and consumption (sometimes
driven by rapid technological development) not only drive
the economy, but also have a destructive impact on the
environment. In this context, the Sustainable Development
Goals (SDGs) adopted by the UN General Assembly’, call
for countries to move towards rational consumption and
production models (Goal 12) in order to ensure greater
efficiency in the use of resources. The implementation of
this goal is primarily aimed at breaking the link between
economic growth and environmental degradation.

It should be noted that increasing the efficiency of
resource use covers a wide range of interrelated aspects and
is a boundless field of scientific research for many scientists
(e.g. [Barrett, Scott, 2012; Bach et al., 2016; Hatfield-

BZERINRERR, MRBHTR W ZIGAIEAME N X B SR IR0 2 RR RS ER
FHEPEFR, MRET. BR. KRKFE. &%,

LHIFENREEREF U ZENFERE, SHEAENNEEIR, 14(3): 262-271. DOI: 10.17747/2618-947X-2023-3-262-

Dodds et al., 2017; Trofimova, 2022; Salmanov, 2023]). For
example, [Barrett, Scott, 2012] examines the relationship
between climate change mitigation and resource efficiency
in the UK. The publication [Singh et al., 2024] examines the
relationship between economic development and mineral
rents in the BRICS countries. The models constructed in this
paper, based on empirical data, confirm the existence of a
relationship between the level of trade turnover, the volume
of GDP, as well as foreign direct investment on the amount of
mineral rent. Based on this, the authors recommend that when
planning policies and measures aimed at ensuring inclusive
and sustainable development, increasing GDP, facilitating
trade and increasing GDP in the BRICS countries, issues of
mining rent (including taxation of mineral rent, royalties on
mining, conflicts between mining companies, etc.) should be
taken into account.

Another equally important area of scientific research
is the issue of ensuring the innovative character of the
development of the economy, its industries and enterprises
(for example, [Kravchenko, 2021; Trachuk, Linder, 2021;
Kosolapova et al., 2023]). Thus, in the work of [Trachuk,
Linder, 2021], based on the analysis of the activities of

! Transforming our world: The 2030 agenda for sustainable development (2015). United Nations. https://www.un.org/sustainabledevelopment/ru/sustainable-development-goals/.
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more than a hundred manufacturing enterprises, the authors
identify key indicators of the effectiveness of innovation
activity depending on the innovation regime to which the
enterprise belongs. The team of authors in [Kosolapova et al.,
2023] makes an attempt to identify the drivers of the
formation of a circular economy, among which scientists
highlight the innovative activity of organisations, the digital
technologies used, as well as the volume of investments in
fixed capital.

Inrecent years, research on specific aspects of a combined
topic - active implementation of innovations and efficient
use of resources - has become increasingly popular (e.g.
[Diaz Lopez et al., 2019; Sun et al., 2023; Tang et al., 2023;
Fan, Wang , 2024; Rahmani et al., 2024]). For example, the
work [Rahmani et al., 2024] examines the impact of digital
innovations on increasing the efficiency of resource use
and sustainable development in the metallurgical industry.
The results showed that the ability to absorb technological
innovations and the existing digital capabilities of the
company have a positive and significant impact on the
company’s intentions to carry out digital transformations in
the metallurgical sector. In addition, the authors propose a set
of measures aimed at improving the state policy regulating
the introduction of digital innovations in the activities of
small and medium-sized enterprises in the metallurgical
industry.

The publication [Tang et al., 2023] focuses on the
importance of studying the impact of green innovations and
resource use efficiency to achieve zero carbon emission
targets. The authors conclude on the important role of the
Green Economy Innovation Index and show that even a small
increase of 1% results in a measurable increase of about
0.25-0.39% in the Net Zero Emissions Index, highlighting
its significant environmental impact. The author concludes
that the adoption of green innovations and technologies is
crucial to move developed economies towards sustainable
development.

However, despite significant scientific and practical
developments in the field of increasing the efficiency of
resource use and ensuring innovative development of the
economy, the complexity and versatility of these problems
determine their constant relevance. At the same time, one of
the most promising areas of scientific research is the study of
the links between the efficiency of resource use and the level
of innovative development of the world’s economies. In this
context, it is proposed to empirically test the hypothesis that
the most developed innovative economies are associated with
the highest consumption of natural resources and a negative
impact on the environment, using quantitative methods of
data analysis.

The purpose of the work is to analyse the relationship
between the level of innovative development achieved
by different countries and the efficiency of their use of
individual resources, in order to determine the consequences
that the increased introduction of new technologies may have
on the situation of responsible management of resources in
the future.

Kravchenko S.I.

1. Methodology and data

This was achieved in two stages: (1) analysis of the
resource efficiency of the economies of different countries
around the world, taking into account their size and level
of innovation; (2) study of the relationship between a
country’s material footprint, determined by the ratio of
global resource production to domestic final demand, and
its level of innovation and economic development.

To carry out the first stage - comparing the resource
efficiency of the economies of different countries -
indicators such as gross value added, labour productivity
and energy output of GDP were selected. In addition,
the level of innovativeness of countries’ economies
(according to the Global Innovation Index 2023, GII-
2023) was analysed as a factor associated with the extent
of use of different types of innovation, including resource
saving.

The indicators selected reflect the size or scale of the
economy (gross value added in current US dollars) and
the efficiency of the use of energy and labour resources.
The energy efficiency of the economy was assessed by the
ratio of GDP produced at purchasing power parity to the
level of expenditure on energy resources. Although this
indicator has certain shortcomings (such as the inability to
take into account climatic, infrastructural, territorial and
other characteristics), it is currently relatively universal
and provides a means of comparing the energy efficiency
of different economies.

The efficiency of the use of labour resources is
calculated using the labour productivity indicator as the
ratio of GVA to the number of persons in employment
(persons in employment include all persons of working
age who, for a short period of time, were in one of the
following categories: employees or self-employed).

These indicators have been calculated for 36 countries
in the world, located on different continents, with different
levels of development and resource endowment, and a
matrix of the distribution of world economies by resource
efficiency has been constructed. The limited size of the
sample of countries is largely due to the availability of
publicly available statistical information on the efficiency
of energy resource use (namely the data published in the
annual report of the Enerdata organisation?).

In the second stage, when studying the relationship
between the material footprint of a state and its level
of innovation as well as economic development, 121
countries were selected. For each country three indicators
were collected from open sources of statistical information
(including two quantitative ones: the rating score in points
according to GII-2023, the value of the material footprint
per capita - and one qualitative one: the distribution
of countries’ economies into groups according to their
income level, proposed by the World Bank [Hamadeh et
al., 2023]). Based on the quantitative data generated, the
strength and direction of the correlation relationship was
assessed by determining the linear Pearson correlation
coefficient (rxy):

2 Global energy statistical yearbook (2023). Enerdata. https://yearbook.enerdata.net/total-energy/world-energy-intensity-gdp-data.html.
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Fig. 1. Matrix of the distribution of world’s economies by labour and energy efficiency
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Source: Calculated and compiled by the author from data provided: Gross value added at basic prices (current US $). https://data.worldbank.
org/indicator/NY.GDP.FCST.CD; Global energy statistical yearbook. https://yearbook.enerdata.net/total-energy/world-energy-intensity-gdp-
data.html; Employment statistics. https://ilostat.ilo.org/topics/employment; [Dutta et al., 2023].
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where n — the number of observations, x,, y, —
data, x, y — Mean values of variables x and y.

The Pearson correlation coefficient varies from -1 to
+1, with a value of -1 indicating a complete (functional)
linear feedback, a value of +1 indicating a complete
(functional) linear direct relationship, and a value of
0 indicating the absence of a linear correlation (but not
necessarily a relationship).

The significance of the correlation coefficient for the
relationship found was tested using Student’s ¢-test where
the null hypothesis is that the correlation coefficient is
zero. To test the null hypothesis, the calculated value of
the z-statistic (¢, ) is compared with the tabulated (critical)
value (¢, ) at a given significance level (o) and number of
degrees of freedom. The calculated value of the Student’s
t-test is given by the formula

observation

Ty n— 7. (2)
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The null hypothesis is rejected if the calculated
value, taken modulo, exceeds the critical value, and the
probability of error is less than a x 100%.

2. Research findings

The calculated characteristics of the efficiency of the
use of labour and energy resources, as well as the resulting
volume of GVA and the achieved level of innovativeness of
the economies of the countries selected for further analysis
are presented in Table.

The diagnosis of the sample of countries analysed in
terms of the indicators of efficiency in the use of resources,
which characterise the ability to achieve maximum results
with minimum effort, made it possible to divide the
economies into four groups (Fig. 1).

The visual distribution of countries between the sectors
of the matrix (Fig. 1) shows that the developed European
countries (Belgium, United Kingdom, Germany, Spain,
Italy, the Netherlands, Norway, France, Sweden) and Japan
have become representatives of the first quadrant. These
economies are characterised by high labour productivity
and high energy efficiency. All countries have relatively
large volumes of gross value added (the maximum
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Table
Resource efficiency and innovation characteristics of the world’s economies in 2022-2023

ot Detactn | (T SN | Grospuaussatea | i
person) kg oil equivalent) to GII-2023

1 Australia 115.12 9.89 1566.1 24
2 Algeria 17.00 7.86 184.0 119
3 Argentina 40.71 10.49 524.4 73
4 Belgium 93.80 11.31 468.1 23
5 Brasil 16.95 10.23 1659.4 49
6 Great Britain 75.38 19.89 2526.6 4
7 Germany 81.76 15.46 3477.3

8 Egypt 17.57 15.30 4533 86
9 India 6.94 9.89 3074.4 40
10 Indonesia 9.33 12.51 1261.3 61
11 Spain 61.98 15.38 1263.9 29
12 Italy 77.72 16.26 1795.3 26
13 Kazakhstan 22.71 6.89 203.7 81
14 Canada 82.41 5.93 1622.9 15
15 China 19.10 6.89 14722.8 12
16 Columbia 14.02 17.26 309.0 66
17 Kuwait 48.52 3.78 112.4 64
18 Mexico 23.47 12.60 1344.2 58
19 Nigeria 6.44 6.40 470.2 109
20 Netherlands 84.33 15.60 808.4 7
21 Norway 125.21 12.70 358.0 19
22 Poland 36.49 12.65 611.0 41
23 Portugal 42.08 16.10 206.6 30
24 The Russian Federation 28.22 4.59 2031.4 51
25 Romania 35.02 17.30 273.4 47
26 Saudi Arabia 70.36 6.78 1052.0 48
27 The USA 132.00 9.51 20893.8 3
28 Turkey 26.38 17.89 811.1 39
29 Uzbekistan 5.78 6.40 74.9 82
30 Ukraine 7.71 5.19 141.6 55
31 France 85.21 13.91 2414.8 11
32 Czech Republic 43.73 9.59 226.3 31
33 Chili 30.44 12.15 270.2 52
34 Sweden 89.72 11.93 471.6 2
35 Republic of South Africa 20.37 6.42 363.8 59
36 Japan 74.81 13.12 5029.8 13

Source: paccuUTaHO M COCTaBICHO aBTOpoM 1o naHHbIM: Gross value added at basic prices (current US $). https://data.worldbank.org/
indicator/NY.GDP.FCST.CD; Global energy statistical yearbook. https://yearbook.enerdata.net/total-energy/world-energy-intensity-gdp-data.
html; Employment statistics. https://ilostat.ilo.org/topics/employment; [Dutta et al., 2023].
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value belongs to Japan - $5029.8 billion, the minimum
value belongs to Norway - $358 billion) and are highly
innovative economies as they belong to the top 30 of the
GII1-2023 rating. In terms of labour productivity, Norway
is the leader - one person employed in the country’s
economy creates GVA in the amount of $125.21 thousand;
in terms of energy efficiency - Great Britain, whose energy
consumption is only 0.05 kg of oil equivalent to create 1
dollar of GDP.

The second quadrant includes the economies of
countries such as Australia, Canada, Saudi Arabia and the
US. This group is characterised by above-average labour
productivity (for the sample of countries studied) and
below-average efficiency in the use of energy resources.
Among countries of this type, the highest GVA value
belongs to the United States (more than USD 20 trillion).
The highest labour productivity in this group of countries
is found in the United States, where one person employed
in the economy generates a GVA of $132.0 thousand; the
highest energy efficiency value is found in Australia,
where 0.101 kg of oil is consumed to generate $1 GDP. eq.
of energy resources. The countries in this sector are in the
top 30 according to the GII-2023 rating (the exception is
Saudi Arabia - 48th).

The third quadrant is represented by Chile, Egypt,
Indonesia, Colombia, Mexico, Poland, Portugal, Romania,
Turkey. Countries of this type are characterised by labour
productivity below the average level for the sample of
countries analysed and above-average efficiency in the
use of energy resources. Among these countries, Mexico
has the highest gross value added - $1344.2 billion; the
lowest value of labour productivity is in Indonesia, where
one worker employed in the economy generates $9.33
thousand of GVA. Turkey is characterised by a high level
of efficiency in the use of energy resources, where 0.056
kg of oil is used to generate $1 GDP. eq. The countries in
this cluster are ranked from 30th to 66th in the GII-2023
ranking (with the exception of Egypt, which is ranked
86th).

The fourth quadrant included Algeria, Argentina,
Brazil, China, India, Kazakhstan, Kuwait, Nigeria, the
Russian Federation, Uzbekistan, Ukraine, the Czech
Republic and South Africa. Economies of this type are
characterised by energy efficiency and labour productivity
levels below the average of the sample. In terms of labour
productivity, the worst value among the countries in this
group is Uzbekistan, where one person employed generates
USD 5.78 thousand of GVA. Among the countries in this
group, the Chinese economy is characterised by the highest
volume of GVA (around USD 15 trillion) and the highest
level of innovation, ranking 12th in the GII-2023 ranking.
Other countries are much less innovative and do not appear
in the GII-2023 top 30.

Separately, it should be noted that some countries with
a relatively high level of innovation (e.g. industrial giants
such as China and the US) are leaders in terms of gross

Mapping the links between resource efﬂcweAncy and the innovative capacity of natjonal economies

SRR SE RS BRRE

value added, but in terms of efficiency in the use of labour
and energy resources they are in the catching-up groups
(e.g. the level of energy resource use in the US is below the
average for the sample of countries analysed). For China,
both resource use efficiency indicators analysed are below
average.

The distribution of countries according to the efficiency
of the use of labour and energy resources (Fig. 1) shows
that countries with a high level of innovation, which usually
generate higher volumes of GVA, are characterised by
higher values of resource efficiency indicators. Thus, the
existence of a relationship between the level of innovative
development achieved by the country and the efficiency
of resource use has been empirically documented, which
is undoubtedly logical. Obviously, new technologies
make it possible, ceteris paribus, to use fewer resources
to produce a similar amount of goods as with outdated
technologies. What is of particular scientific and practical
interest, however, is the impact that the widespread
diffusion and implementation of innovations by developed
and developing countries may have in the future on the
situation with regard to the responsible use of resources.

The Intelligence Study also analysed the relationship
between a country’s Material Footprint (MF) and the
innovativeness of its economy. The total Material Footprint
is the sum of the Material Footprints of biomass, fossil
fuels, metallic and non-metallic ores and is calculated
as the resource equivalent of imports plus domestic
production minus the resource equivalent of exports. In
turn, the per capita MF describes the average material use
for final demand [Giljum et al., 2015; Wiedmann et al.,
2015; Matustik, Koc¢i, 2021]. It should be noted that the
material footprint is an indicator for the achievement of
sustainable development goals, which include the desire
to gradually increase the global efficiency of resource use
in consumption and production systems and to ensure that
economic growth is not accompanied by environmental
degradation’.

In order to establish the existence of a relationship
between these indicators, a correlation matrix was
provided covering 121 economies in the world (Fig. 2).
The construction of this field has also taken into account
the classification of economies into groups (according to
income level) proposed by the World Bank, namely:

* high-income countries (GNI per capita greater than

$13,845);

* upper middle-income countries (GNI per capita

between $4,465 and $13,845);

* lower middle-income countries (GNI per capita

between $1,136 and $4,465);

* low-income countries (GNI per capita less than

$1,135).

Based on the visual analysis of the correlation field,
it is possible to assume the existence of a relationship, its
form and its closeness. Thus, according to Fig. 2, it can be
argued that the relationship between the variables under

3 Transforming our world... (2015). United Nations. https://www.un.org/sustainabledevelopment/ru/sustainable-development-goals/.
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Fig. 2. Correlation field of the interdependence between the material footprint and the level
of innovative development of the world’s economies
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Source: constructed by the author from data: Material resources. Material footprint per capita. https://stats.oecd.org/Index.aspx?DataSet-
Code=MATERIAL RESOURCES; [Dutta et al., 2023; Hamadeh et al., 2023].

study can be linear, direct and close, i.e. an increase in one
indicator is characterised by an increase in another. A more
detailed analysis was carried out by calculating correlation
indicators based on statistical data.

Based on the calculated data, the close relationship
between the volume of the material footprint of countries’
economies and their level of innovation was determined
according to formula (1):

15061.35
V/15623.77 X 23964.7

Pearson’s linear correlation coefficient is positive, i.e.
the relationship between the variables studied is direct,
and when the coefficient is close to 1, it indicates the
presence of a linear correlation. The interpretation of the
tightness (strength) of the relationship based on the rxy
value obtained is carried out using the Chaddock scale,
which makes it possible to convert a numerical indicator
or quantitative value into a qualitative parameter. Thus,
the strength of the relationship between the volume of the
material footprint of a country’s economy and the level of
its innovativeness can be characterised as high.

268

Ty = =0.778.

Using formula (2) and the previously determined value
of the correlation coefficient, the calculated value of the
t-criterion was obtained:

0.778
twe = —F7———=+121—2=7271.
“ T J1-0.778
) at @ = 0.001 is 3.373, i.e. the

The critical value (7,
null hypothesis of no relationship between the variables
is rejected, since ¢ > ¢ The correlation coefficient is
therefore statistically significant.

In summary, several points should be noted: firstly, the
results of the correlation analysis indicate the existence of a
direct close relationship between the level of innovation of
the economy of a country and the volume of consumption
of natural resources, which can be described by a linear
function. Secondly, in accordance with Fig. 2, we can
conclude that, moving from the origin along the trend line,
there is a gradual transition from developing countries
to developed countries. Thirdly, a high level of resource
consumption, as well as a higher value of the GII index,
is characteristic of developed countries. This confirms
that the most developed innovative countries consume
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more resources. Consequently, further research should be
conducted on the assumption that the widespread diffusion
of innovative technologies (in both developed and
developing countries), aimed at ensuring economic growth
without taking into account the resource consequences,
may in the future lead to a reduction in resource reserves
and increased competition among buyers for the right to
own them, with consequent rising prices on commodity
markets and negative environmental consequences for
humanity.

3. Conclusions and limitations

The study confirms that countries that have achieved
a high level of innovation in their development are
characterised by higher indicators of efficiency in the use
of resources (i.e. there is a direct relationship between these
parameters), which creates their competitive advantage,
allowing them to produce more goods by attracting new
technologies, other things being equal.

At the same time, the results obtained indicate that
the widespread dissemination and implementation of
innovations by developed and developing countries
can contribute both to their economic growth and to
an increase in their material footprint, thus leading
to the depletion of natural resources in the future. In
such conditions, the economic development of all
economic entities should be based on the principles of
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lean production and its intensification, which will help
to increase the return on the use of available factors
of production with a constant volume of resources
consumed or their reduction.

This empirical study is based on quantitative methods
of data analysis, but it did not include the identification of
functional dependencies between the parameters studied,
which is its main limitation. The economies of the countries
are characterised by various features (e.g. geographical
and climatic conditions affecting the level of energy
consumption by households for final consumption and by
business entities for the maintenance of production and
other premises; the presence of natural resource reserves
in the country and the possibility of their extraction, etc.),
but such factors have not been taken into account in the
analysis.), but these factors were not taken into account in
the analysis. In addition, the analysis was carried out in the
context of country samples whose representativeness was
not statistically verified.

Thus, promising areas for further research may be the
identification of the necessary and sufficient number of
factors associated with the innovative activity of enterprises
and the efficiency of their use of resources, as well as the
establishment of functional dependencies between selected
variables. It also seems logical to conduct a detailed study
of the experience of Russian enterprises and its impact on
the differentiation of regions in terms of innovation and
resource efficiency.
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