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Digitalization, dematerialization of production and consumption, and structural shifts in
the direction of service economy forming do promote to reduction of material use and
sustainable development. The paper aims to investigate the role of digital, structural, economic, and social factors in sustainable development promotion in OECD countries. The
paper uses the data on digital achievements, social and economic development of OECD
member states from World Bank data sources for the period 2007–2018. The randomeffects GLS regression model is used, and empirical regression models to estimate the influence of key factors related to digital transformation on GDP per capita and CO2 emissions per capita are constructed. The results of the regression analysis show that using the
number of Internet users as an indicator for achievement in digitalization has a positive
and statistically significant influence on GDP per capita due to lower transaction costs
and higher share service economy. An increase in urbanization rates (as an indicator of
capital concentrations and labor specialization) by one percent promotes a GDP per capita increase of 299 USD. Also, an increase in Gini coefficient by one percentage point correlates with decrease in GDP per capita on 196 USD and the reduction of CO2 per capita
by 0.12 tones due to the structural shifts in aggregate demand. Still, improvements in digital transformations have no significant environmental effect in OECD members, while
processes related to urbanization, income inequality, and share of industrial output are
important drivers for CO2 per capita reduction.
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INTRODUCTION
The transition to sustainable development in modern conditions is difficult to implement without the digital transformation of the global
economy. In 2015, the UN General Assembly approved 17 Sustainable
Development Goals, which include the implementation of 169 targets
and 304 indicators (United Nations, n.d.a). These goals are global and
universal, and their implementation will contribute to the promotion
of sustainable development in different countries. Digital transformations and dematerialization of production and consumption indirectly
affect all Sustainable Development Goals through the reduction of material production inputs. The main technologies that provide digitalization of various spheres of public life are virtual and augmented reality,
additive technologies, artificial intelligence, blockchain, the Internet of
Things, and others. The World Bank also emphasizes the importance of
digital transformation for economic growth, new jobs, services, since
the last help businesses to be more productive, people can easier find
jobs/expand their capabilities, and governments can provide better
public services to all citizens (The World Bank, n.d.a, n.d.b).
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The relations between digital transformations and sustainable development are not so unambiguous.
On the one hand, digitalization positively contributes to sustainability through the dematerialization of
production and consumption. On the other hand, digital transformations can cause negative effects on
economic, social, and environmental development. Therefore, all these aspects need further research to
promote sustainable development more effectively.

1. LITERATURE REVIEW
To remain competitive in the digital age, businesses need new approaches and good practices for
innovative development as a key aspect of a business. A survey conducted by McKinsey & Company
demonstrates the impact of the COVID-19 pandemic on the implementation of digital technologies in the business processes of enterprises around
the world. Thus, during the pandemic, consumers
began to use digital applications much more to buy
goods and services. Global indicators of the number of interactions between companies and customers through online communication increased
from 36% in 2019 to 58% in 2020. There is a similar
indicator that demonstrates the role of lockdown
restrictions on the number of goods and services
that have been partially or fully digitized. In addition, most employees of enterprises that have digitized the provision of goods and services are confident that digital transformations (remote work,
communication with customers through online
communication, the introduction of high technology) will not be levelled even after the pandemic of
COVID-19 (McKinsey & Company, 2020). In turn,
the European Central Bank conducted a survey of
74 large non-financial companies, half of which
produced goods, others were service providers
to find out which digital technologies are used by
large European companies to do business, the similar results were discussed by Kartanaitė et al. (2021).
The results showed that most of the surveyed companies use different digital technologies, among
which the leading are big data analysis (87%) and
cloud storage (82%). In the B2C segment, e-commerce technologies are widely used. Industrial enterprises also use artificial intelligence, the Internet
of Things, robotics, and 3D printing (European
Central Bank, 2021). By the way, 3D printers are the
main tool for the implementation of additive production. 3D printers have a number of advantages
that increase their importance for today’s economy. First of all, they can be used to create and print
any product, which will avoid significant logistics
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costs (including delivery and storage), packaging
costs. Secondly, additive technologies (as opposed
to substrate ones) allow production of products in
a qualitatively new way without the need to combine individual details into a single whole. One of
the largest industries where 3D printers are already
used is the car industry (they mostly print gearboxes and door handles). However, there are companies that already have the technology to print car
bodies. There are various assessments of the impact
of additive technologies on the world economy in
general and energy in particular. Thus, according
to Gobler et al. (2014), the use of 3D printers will reduce global energy consumption by 2.54-9.3 EJ and
CO2 emissions by 130.5-525.5 Mt by 2025. Additive
technologies clearly demonstrate one of the most
important advantages of digitalization – dematerialization of the global economy, which can lead to
significant opportunities (less CO2 emissions and,
as a result, climate change mitigation).
Different scientists have studied the relationship
between digitalization and sustainable development. Thus, Bhutani and Palival (2015) formulated the model “5Cs of Inclusive Sustainable
Growth”, the essence of which was to characterize the digital technologies needed for the transition to sustainable development. Positive effects of
digitalization were also emphasized: better living
conditions, active public participation, dynamic
urban development, transparent governance, etc.,
which will contribute to the formation of a conscious, competitive personality that will become
an “agent of change” towards sustainable development. Jovanović et al. (2018) assessed the available
tools for analyzing the level of digitalization of the
country (in particular, special indexes published
by international organizations). They noted that
digitalization is an impetus for the transformation
of economic processes at a micro- and macro-level.
There are different approaches to measuring digital transformations and their impact on sustainability. For example, there is the Digital Economy
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and Society Index (DESI), which is published annually by the European Commission (European
Commission, 2021). This index summarizes the
digitalization indicators of the European Union
member states and helps to track the progress of
these countries in digital transformations. The
rating methodology is to assess five aggregate
indicators:
1.

Communication (fixed and mobile communication and the availability of prices for them).

2. Human capital (use of the Internet, development of basic and advanced digital skills).
3. Use of Internet services (use of search engines,
messengers, etc).
4. Integration of digital technologies (digitalization of business, e-commerce).
5. Digital public
e-health).

services

(e-government,

zation on the social development of the country
is complex, which clearly illustrates the creation
of new digital jobs. Thus, Balsmeier and Woerter
(2019) showed that investment in digital technology increases the number of jobs for highly skilled
workers and reduces the number of such jobs for
unskilled employees.
Digital transformations can provide a rapidly
growing population with access to health care, education, and banking. As the number of people
living below the poverty line decreases and the
simplest electronic devices become cheaper, ICTs
become available to people in the least developed
countries. By 2030, digitalization will provide access to e-health for 1.6 billion people, attract almost 450 million to e-learning, and save 254 billion hours for workers in various sectors of the
economy (GeSI, n.d.). Veklych et al. (2020) and
Melnyk et al. (2019) studied the transition of digital economies towards sustainability. Innovative
strategies to increase economic efficiency and
renewable energy development are covered by
Kurbatova et al. (2020), Melnyk et al. (2013), and
Shkarupa et al. (2017).

After the evaluation of each of the indicators, the
total indicator of this index is calculated according to the formula, where bi is the evaluation for According to the concept developed by the
the i-th indicator, ci is the weight coefficient of Organization for Economic Cooperation and
Development, the impact of digital transformaeach of the i-th indicators:
tions on the environment can be divided into the
5
(1) following categories (OECD, 2019):
DESI = bi ci .

∑
1

Sustainable development is a complex process, •
which includes economic, social, and environmental parts. Innovative technologies are a key
driver of economic growth in countries and regions. Technological progress allows to organize
production more efficiently and produce better •
goods and services (Ruihui et al., 2021). Zhang et
al. (2021) studied the impact of digital infrastructure and digital integration on the overall productivity of some regions in China and found it
to be positive and statistically significant. Social
development is one of the most important func- •
tions of the state, which is provided, in particular,
by economic growth. The social, economic, cultural effects of disruptive industrial technologies
as well as energy-efficient transformation for sustainability were studied by Sineviciene et al. (2021),
Karintseva et al. (2021), Klymchuk et al. (2020),
and Grytten et al. (2020). The impact of digitali-
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Direct (first-order effect) – includes the direct
use of natural resources and emissions caused
by the production, use, and disposal of ICT
goods.
Indirect (second-order effect) – includes the
use of digital technologies to increase the efficiency of resource use in production (through
the optimization of production capacity and
automation of business processes).
Systemic (third-order effect) – includes changes in the behavior of economic entities and
other non-technological factors due to the
trend towards the introduction of digital technologies (Melnyk, 2021). A systemic impact of
digital transformations is mostly considered
to be promising, but its results have a significant time lag.

http://dx.doi.org/10.21511/ee.12(1).2021.12
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According to SDG 9, governments should significantly expand access to information and communications technologies and put efforts to provide
universal and affordable access to the Internet. The
share of ICT and high-tech exports in the overall
structure of exports are supposed to promote the
formation of post-industrial sectors, which reducThe aim of the study is to investigate the role dig- es the degree of CO2 emissions. Besides, high-tech
ital, structural, economic and social factors in export and investment in R&D is expected to prosustainable development promotion in OECD vide high added value, which has a positive impact
countries.
on GDP (Benetyte et al., 2021)
It should be noted that the division of effects into
the first, second, and third orders is quite conditional, as each of them can have a significant impact on the environment. Based on the literature
review, the relevance of such a study is quite high,
and it requires further research.

GDP per capita in constant prices is considered
to be one of the best ways to describe the level of
economic development of a state. Therefore, it is
used as a dependent variable in the first regresThe paper uses the data from the World Bank about sion model. The second regression model uses
all OECD member states (The World Bank, n.d.a, CO2 emissions per capita as a dependent variable.
n.d.b). There were several gaps in data for some CO2 emissions are a global threat to the environspecific states, which were filled by linear approx- ment because of their impact on climate change.
imation from the existing data for that state. In Though there are many other indicators to characaddition, there were no available data for income terize the state of the environment, CO2 emissions
inequality for New Zealand, and that state was not per capita are one of the most widely used.
included in the list. That is the final balanced data
contains information on 37 OECD member states’ To diversify the regression models and to upset
economies.
the omitted variable bias, several other non-digital indicators were also included. They are a share
Digitalization is a complex process, which can be of the urban population; the amount of foreign dicharacterized by many indicators. As it was men- rect investment (in % of GDP) and the Gini index.
tioned, there are certain indexes, which have the Actually, it is expected that it is not urbanization
aim to describe the quality of digital transforma- itself but related capital concentrations specializations. However, some of these indexes concern a tion of the labor force are positive drivers of ecolimited number of countries (for example, DESI nomic growth and improvement of the environsummarizes the digitization indicators only of the mental situation.
European Union member states), others have an
imperfect methodology or describe only a certain In the second regression model with CO2 per
aspect of digitalization (for example, e-govern- capita as a dependent variable, it additionally usance). The World Bank gives information about dif- es such explanatory variables as the share of valferent digital indicators, and this paper uses some ue-added services in GDP (in %) and the share of
of them, including the number of Internet users value-added of industry in GDP (in %). Both ecoamong the total population, the share of ICT in nomic and environmental models include an inthe overall structure of exports, the share of high- stitutional dummy variable – the membership in
tech exports in the overall structure of exports. the European Union. The EU is an organization
The number of Internet users among the total pop- with a common energy strategy, which is reflectulation demonstrates not only the level of the pop- ed in EU energy union reports (Shevchenko et al.,
ulation access to the Internet but is mainly treated 2021). Thus, it is important to research what imas an econometric instrument for achievement in pact the membership in the EU has on the amount
digitalization and reduction of transaction costs. of CO2 emissions per capita.
In fact, it is not the number of Internet users that
could improve the GDP indicators, but the related The description of the first regression model is as
process of post-industrial economy forming.
follows:

2. METHODOLOGY AND
DATA DESCRIPTION

http://dx.doi.org/10.21511/ee.12(1).2021.12
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GDPt = F (iiut , iet , htet , rdt ,

(2)

upt , fdit , gint , eut ),

to digital transformations. The results of such an
assessment are shown in Table 1.

The results of the regression analysis demonstrate
that the number of Internet users, as an econometric instrument for achievement in digitalization and
reduction of transaction costs, has a positive and statistically significant impact on GDP per capita. Thus,
with an increase in Internet users by 1%, GDP per
capita increases by an average of 69.73 USD. In addition, the share of ICT and high-tech exports in its
overall structure has a positive effect on GDP per capita, but this impact is statistically insignificant. Price
Waterhouse Coopers (2013) obtained similar results.
Thus, their analysis showed that with the growth of
digitalization in the country by 10 points (calculated
according to the PwC methodology), GDP per capita
The next regression model is described as:
increases by 0.75%, and unemployment on average
CO 2t = F ( gdpt , iiut , iet , htet , rdt ,
(3) falls by 1.02%. In addition, if emerging economies
can double the level of digitalization, it will lead to
svat , ivat , upt , fdit , gint , eut ),
an overall increase in world GDP of USD 4.4 trillion,
where the dependent variable is CO2t (the amount an additional USD 930 billion in cumulative income,
of CO2 emissions per capita in metric tons). and an additional 64 million jobs for the people with
Independent variables include: gdpt, iiut, iet, htet, upt, low income.
fdit, gint, and eut as expained in GDP model above.;
svat – share of value-added services in GDP (in %); The foreign direct investments are appeared to be
ivat – share of value-added of industry in GDP (in %). an insignificant factor, while an increase in urbanization rates by one percent leads to a GDP per cap3. RESULTS AND DISCUSSION ita increase of 299 USD, which means that urbanization and related capital concentrations positive
Having discussed the methodology and described drivers of economic growth. Also, an increase in
the data, it is necessary to build a proper econo- the Gini coefficient by one percentage point lead
metric model for estimating the relevant econom- to a decrease in GDP by 196 USD per capita, due
ic and environmental effects of processes related to the structural shifts in aggregate demand.
where the dependent variable is GDPt (GDP per
capita (at constant prices)). Independent variables
include: iiut – the number of Internet users among
the total population (in %); iet – the share of ICT
in the overall structure of exports (in %); htet – the
share of high-tech exports in the overall structure
of exports (in %); rdt – research and development
expenditures are a share of GDP (in %); upt – share
of urban population (in %); fdit – amount of foreign
direct investment (in % of GDP); gint is the Gini index; eut – the institutional dummy variable – EU
membership (1 – EU member, 0 – non-EU member).

Table 1. Impact of digital factors on GDP per capita (in constant prices)
Random-effects GLS regression
Group variable: id
R-sq: within = 0.1262
between = 0.2837
overall = 0.2771
Wald chi2(8) = 66.80
corr(u_i, X) = 0 (assumed)

gdp
iiu
ie
ht
rd
up
fdi
gin
eu
_cons
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Number of obs = 444
Number of groups = 37 Obs per group:
min = 12
avg = 12.0
max = 12
Prob. > chi2 = 0.0000

Coef.

Std. err.

z

P > |z|

[95% Conf.

Interval]

69.73237
72.09732
.2285991
–442.504
299.7267
–13.04004
–196.6199
–2,736.184
15,005.01

17.61761
51.80319
.3181223
547.212
131.7965
10.94944
100.698
4,722.086
11,259.05

3.96
1.39
0.72
–0.81
2.27
–1.19
–1.95
–0.58
1.33

0.000
0.164
0.472
0.419
0.023
0.234
0.051
0.562
0.183

35.20249
–29.43507
–.3949091
–1515.02
41.4103
–34.50055
–393.9843
–11,991.3
–7062.331

104.2623
173.6297
.8521073
630.0118
558.0432
8.420477
.7445448
6,518.934
37,072.34
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Table 2. Impact of digital factors on CO2 emissions per capita
Source: Authors’ calculations performed using Stata 16.0.

Random-effects GLS regression
Group variable: id
R-sq: within = 0.1977
between = 0.004
overall = 0.002
Wald chi2(8) = 79.86
corr(u_i, X) = 0 (assumed)

co2

Number of obs = 444
Number of groups = 37
Obs per group:
min = 12
avg = 12.0
max = 12
Prob. > chi2 = 0.0000

Interval]

Coef.

Std. err.

z

P > |z|

[95% Conf.

ie

.0215052

.0185042

1.16

0.245

–.0147624

.0577728

ht

–.0001307

.0001145

–1.14

0.254

–.0003551

.0000937

rd

.3235669

.1895172

1.71

0.088

–.0478799

.6950137

sva

.0017258

.0577438

0.03

0.976

–.11145

.1149016

iva

.1166888

.053321

2.19

0.029

.0121815

.2211962

up

–.1409351

.0378489

–3.72

0.000

–.2151176

–.0667526

fdi

.0022566

.0039558

0.57

0.568

–.0054966

.0100097

gin

–.1238433

.0342205

–3.62

0.000

–.1909143

–.0567723

eu

–2.00937

1.330414

–1.51

0.131

–4.616934

.5981945

_cons

20.35112

5.747713

3.54

0.000

9.085806

31.61643

In addition, among the non-digital factors, the share
of the urban population has a statistically significant
and positive impact on GDP per capita.

ic, but not on the environmental success of a country. Certain recommendations for policy-makers are
suggested:

The results of the regression analysis show that a sta- •
tistically significant effect on CO2 emissions per capita has the improvement in digital transformations
(both using the indicator of Internet users and share
of high-tech exports) and statistically insignificant effect on CO2 emissions.
•
In addition, among the non-digital factors, the Gini
index has a statistically significant effect on CO2
emissions, and an increase in the Gini coefficient by •
one percentage point leads to a decrease in CO2 per
capita on 0.12 tons per capita. The inequality increases lead to carbon dioxide emissions decreasing due to
the unequal consumption of energy resources. The
improvements in achievements related to urbanization lead to CO2 per capita emissions decrease.
The institutional variable showed that EU membership has a statistically insignificant impact on CO2 •
emissions. This result is different from Kahouli
(2019), who outlined that OECD EU countries have
better environmental performance than non-EU
OECD members.
According to the results of the study, the main task
for policy-makers is to promote digital transforma- •
tions for the economic growth. It was proved that
digitalization has a positive impact on the econom-

http://dx.doi.org/10.21511/ee.12(1).2021.12

it is highly recommended to provide the access to the Internet to all groups of the population. This can be successfully implemented by
collaboration with private companies (Internet
providers);
it is important to expand mobile communication
network by creating governmental programs;
it is up to the governments to stimulate innovations by using policy mechanisms. For example,
policy-makers should provide certain fiscal incentives (tax subsidies, grants) for high-technological companies, provide the rule of law in the
sphere of intellectual property rights, procure
more innovative goods and services (Makarenko
et al., 2021);
the development of e-governance should become a priority for governments. Providing a
wide range of services on the Internet (including
starting a business, taxes payment, elements of
digital democracy) will significantly contribute
to sustainability;
it is crucial to improve the system of education
and science in the context of STEM education to
foster talents.
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CONCLUSIONS
Digital transformations are an important tool for implementing the transition to sustainable development, in particular through the Sustainable Development Goals. The impact of digitalization on
the economic and environmental development of the OECD member states proves the efficiency
of investing in digitalization to promote economic growth. Therefore, the results of the regression
analysis show that the number of Internet users among the total population has a positive and
statistically significant correlates on the GDP per capita. When the number of Internet users increases by 1%, GDP per capita increases by an average of 69.73 USD. In addition, the share of ICT
and high-tech exports in its overall structure has a positive effect on GDP per capita, but this link
is statistically insignificant. The number of Internet users among the total population has a statistically insignificant effect on CO2 emissions per capita. On the contrary, the processes related to
the promotion of urbanization, reducing income inequality, and reducing the share of industrial
output are important drivers for CO2 per capita reduction.
In addition, the reduction in CO2 emissions is influenced by the increase in the share of hightech exports in the overall structure of exports, but these relations are statistically insignificant.
The institutional variable showed that EU membership has statistically insignificant relations with
GDP per capita and CO2 emissions per capita. The main conclusion is that digital transformations
contribute to the dematerialization of economic systems, promote economic growth, but do not
stimulate СО2 reduction.
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