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 The integration of digital technologies into national policies in developed countries supports the achievement of 
Sustainable Development Goal 9 (SDG 9) by fostering innovation and infrastructure development. This study 
aims to analyze how digital technologies contribute to SDG 9 through the experience of Scandinavian countries. 
The methodology combines mixed design and multi-criteria analysis of the Digital Economy and Society Index 
(DESI) from 2017 to 2024 to compare digitalization policies, institutional frameworks, and outcomes. Structural 
content analysis of EU digital strategies was conducted, focusing on budget priorities and areas such as 
information and communication technologies (ICT) infrastructure, digital skills, artificial intelligence, open data, 
and cloud technologies. The findings reveal that Finland, Sweden, and Denmark demonstrate significant progress 
in digital public services, basic digital skills, and ICT workforce development. However, challenges remain in AI 
implementation and small and medium enterprise (SME) digitalization. Denmark leads in DESI performance, 
Sweden in innovation, and Finland in accessibility, highlighting the need for context-specific digital strategies. 

Keywords: digital technologies, artificial intelligence, data analytics, public administration, anti-corruption 
policy, european integration 

 

INTRODUCTION 

Achievement of Sustainable Development Goal 9 (further 
– SDG 9) is identified as a strategic priority in promoting 
sustainable economic growth, and the latest digital 
technologies should ensure increased resilience of critical 
infrastructure (Ahmad et al., 2023; Argyroudis et al., 2022; 
Küfeoğlu, 2022). Technology is recognized as a means for rapid 
decision-making, adaptation to environmental changes, and 
accurate, rapid assessment of existing assets (Hales & 
Birdthistle, 2022). The operability and functionality of critical 
infrastructure are at constant risk due to numerous threats and 
the growing demand for digitalization (Clark et al., 2022). The 
latest and most revolutionary digital technologies can increase 
the level of climate resilience of critical infrastructure, 
ensuring its adaptation to the needs of users (Argyroudis et al., 
2022). The integration of technological innovation and data 
analysis into sustainable development provides an 

opportunity to address pressing global issues such as climate 
change, resource scarcity, and social inequality (Gavkalova et 
al., 2024, 2025; Harfouche et al., 2024). Digital technologies in 
industry can replace workers, significantly reducing the costs 
of enterprises. The introduction of communication, 
information, computing and other digital technologies 
(Internet of Things, digital twins, artificial intelligence, cloud 
solutions) has become a prerequisite for ensuring sustainable 
growth in different countries.  

The purpose of this article is to characterize the 
introduction of digital technologies in promoting innovation 
and infrastructure development under SDG 9. 

LITERATURE REVIEW 

The scientific literature considers digital transformation as 
a driver for achieving SDG 9 (Du & Wang, 2024; Fura et al., 
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2025; Hajikhani & Suominen, 2022; Leal Filho et al., 2022). In 
this regard, Du and Wang (2024) consider the importance of 
digital infrastructure in ensuring symbiotic relationships 
between innovation actors, noting the regional heterogeneity 
of digital development in China in the period 2013-2018. As a 
result, there is a gap in the innovative development of the 
provinces within the established innovation ecosystem. 
Modernization of the industrial structure is proposed as a way 
to bridge these gaps. In opposite, the article by Fura et al. 
(2025) assesses the level of digital transformation in 27 EU 
countries in 2015 and 2020, including in industry, innovation, 
and infrastructure. The countries of Central, Eastern and 
Southern Europe face significant challenges in achieving SDG 
9. The study by Leal Filho et al. (2022) explain the reason for 
such challenges, their found that mobilization of financial 
resources and improved government policy coordination 
should become drivers in the digitalization of infrastructure 
and the achievement of SDG 9 based on a bibliometric analysis 
of scientific publications since 2015.  

A separate area of research is to identify the role of digital 
technologies in the processes of industrialization and 
sustainable infrastructure development (Kasinathan et al., 
2022; Lekan et al., 2022; Mhlanga 2021; Pigola et al., 2021; 
Wang et al., 2025). In this regard, infrastructure modernization 
is the process of significantly and fundamental update and 
improving communication system, transportation networks, 
utilities, including research and technology infrastructure 
(European Commission, 2025, n.d. - f). Thus, Lekan et al. 
(2022) and Kasinathan et al. (2022) link the impact of the 
fourth and fifth industrial revolutions to the modernization of 
infrastructure and the construction of new facilities. The 
authors assign an important role to disruptive innovations in 
achieving SDG 9 (Lekan et al., 2022). More specific, Mhlanga 
(2021) and Pigola et al. (2021) show the impact of artificial 
intelligence technologies on infrastructure development in 
developing countries. In particular, Pigola et al. (2021) 
examine the Portuguese and Brazilian experience of using 
artificial intelligence as a means of raising digital awareness of 
the population, as well as improving cooperation between 
universities and the state within the framework of research 
and development (including the field of open data). Another 
paper addresses the issue of bridging the digital divide 
between urban and rural areas in innovative development 
(Pomaza-Ponomarenko et al., 2020, 2021, 2023; Prieto-Egido 
et al., 2023). Another research of Wang et al. (2025) focus on 
the study of artificial intelligence in shaping the competitive 
advantages of innovative development of urbanized markets. 
At the same time, artificial intelligence has the greatest impact 
on the development of innovations in the field of R&D, with a 
lesser impact on infrastructure development. The stimulating 
effect of artificial intelligence is strongest in countries with a 
high level of sustainable development. Urbanization is a 
favorable factor for sustainable development with the use of 
technology in innovation and infrastructure. The importance 
of industrialization, new technological developments and 
skills as a prerequisite for sustainable economic growth, 
promotion of transport, information and communication 
infrastructure, and value creation highlighted by Küfeoğlu 
(2022). Besides that, Ige et al. (2024) points out the 
irreplaceable role of cyber defense technologies in maintaining 

the resilience of digital infrastructure, emphasizing the 
potential of blockchain technologies and artificial intelligence 
in strengthening cybersecurity measures. 

A number of studies have examined the role of digital 
technologies in supporting innovation, which are defined as 
processes of implementing new ideas; introducing new or 
significantly improved products to the market; or adopting 
new or substantially enhanced methods and processes in 
production (European Commission, n.d. – a). The bibliometric 
analysis of the importance of digital technologies in achieving 
the SDGs by Dzhunushalieva and Teuber (2024) for 2015-2023 
confirms their economic, social and environmental impact. In 
particular, the authors highlighted the importance of eco-
innovations, technological innovations, and socially oriented 
innovations in sustainable development. Based on 2496 
sustainable business practices, Varriale et al. (2024) 
demonstrate how blockchain, the Internet of Things, 
geospatial technologies, and artificial intelligence contribute 
to SDGs 6, 7, 12, 13. The authors also consider production 
systems and digitalization as mechanisms for innovative 
development.  

A number of articles measure the extent to which 
digitalization affects the implementation of the SDGs. For 
example, Brodny and Tutak (2023a, 2023b) calculate indices 
for assessing the implementation of SDG 9 in Poland for 2015-
2021 at the regional level and in the EU-27 for 2015-2020 based 
on the MCDM methodology (multi-criteria decision-making 
approach). In Poland, there is a significant differentiation of 
spatial regional development with a high degree of 
development in the Mazovian, Lower Silesian and Pomeranian 
Voivodeships, and a low degree in the Sviato-Krestovozivske 
Voivodeship. The results also show that there is a link between 
the degree of innovation, industrialization and stable 
infrastructure, as well as economic development and living 
standards in the regions (Brodny & Tutak, 2023a). Within 
EU27, there is also a differentiation in sustainable 
development. Denmark, Germany, Luxembourg, Sweden, the 
Netherlands, and Finland have made the most progress on SDG 
9. In contrast, Greece, Portugal, Lithuania, and Bulgaria have 
identified a number of problems and challenges (Brodny & 
Tutak, 2023b).  

Another research of Desyatnyuk et al. (2025) and Saqib et 
al. (2023) prove the importance of financial technology 
development in leading economies over 1990-2020 in ensuring 
a green transition. In all advanced economies, there is a 
significant correlation between financial technologies and 
renewable energy. Similar conclusions are presented in 
Farahani et al. (2022), who found that the use of artificial 
intelligence in the financial sector mediates sustainable 
economic growth. Based on an analysis of the importance of 
the information and communication technologies (ICT) sector 
in the development of municipalities, Mantovani Ribeiro et al. 
(2021) determined that the intensive use of technology does 
not always ensure an increase in sustainable development 
indicators, as not all cases ensure the strategic use of 
technology to support the goals.  

A number of studies have examined the impact of 
institutional support and policies to promote digitalization. 
According to Singh and Ru (2023), the authorities responsible 
for formulating and implementing digitalization policies 



 Pomaza-Ponomarenko et al. / European Journal of Sustainable Development Research, 10(2), em0392 3 / 10 

should focus on overcoming digital inequality, ensuring digital 
equity, and expanding Internet and mobile broadband access, 
particularly in rural areas. With regard to the introduction of 
technologies, the authors recommend reforming industrial 
policy and integrating technologies into the relevant sector, 
increasing funding for R&D and relevant initiatives. Another 
study (Sinha et al., 2024) points to poor infrastructure 
development, a lack of skills and knowledge to use technology, 
and a lack of financial resources and incentives to invest in 
technology to support innovation in 21 of the 32 countries 
ranked in the 2021 Global Innovation Index. At the same time, 
other scholars have found much smaller effects of ICT on the 
SDGs, despite ICT policies and infrastructure, so it is necessary 
to improve policies and institutions that should ensure the use 
of technology for sustainable development (Vyas-
Doorgapersad, 2022). According to Bachmann et al. (2022), 
data analytics and data analysis tools contribute to the 
achievement of the SDGs by providing a higher degree of 
information reliability for making informed policy decisions, 
which is then used to implement data-driven policies.  

As a result of factor analysis of the interdependencies 
between institutions, digital technologies, and the SDGs, 
Popkova et al. (2022) found that the development of 
institutions in developed countries contributes to the 
achievement of only SDG 3 and SDG 17, while in developing 
countries it contributes to the achievement of SDG 16. The use 
of digital technologies and digitized knowledge determine the 
level of globalization of countries, their innovation capacity, 
and the quality of institutions. The Digital Technology Index 
and Digital Knowledge Index have contributed to improved 
governance in developed countries. 

To summarize, digital technologies are seen as a factor in 
achieving SDG 9, which contributes to infrastructure 
modernization, innovative development, green transition, and 
industrialization. At the same time, there is a significant gap 
between the technological potential and the political 
institutional capacity to realize it, especially in developing 
countries. Institutions responsible for integrating digital 
transformation measures into public policy may hinder 
progress in achieving the SDGs. This study aims to analyze 
how digital technologies and digital transformation contribute 
to SDG 9 through the experience of Scandinavian countries. 

MATERIALS AND METHODS 

The research is based on an interdisciplinary approach and 
a combination of qualitative and quantitative methods of 
analysis. The mixed methods research approach combines 
methods for analyzing collected quantitative closed data and 
qualitative open data. The mixed design made it possible to 
supplement quantitative data on digitalization, innovative 
development, and transport efficiency with qualitative 
information on digitalization strategies as a tool for promoting 
digital innovation development. Data collection and analysis 
procedures were carried out on the basis of a sample of 
countries selected according to the criteria below. The data 
was collected exclusively from official sources of information. 
The analysis procedures were carried out sequentially: In the 
first stage, countries were selected for analysis of their level of 

digitalisation according to the criteria listed above; in the 
second stage, quantitative data reflecting the overall results of 
digitalisation in the country were analysed; in the third stage, 
data synthesis was used to summarize quantitative data on 
digitalization and qualitative data on digitalization strategies 
in order to understand the factors that contributed to the high 
level of digitalization effectiveness in each country; in the 
fourth stage, a quantitative statistical analysis of the country’s 
innovation development and transport efficiency indicators 
was carried out.  

European Union (EU) countries (Finland, Sweden, 
Denmark) were selected to study the role of digital 
technologies in promoting the achievement of SDG 9 based on 
the following criteria:  

- High level of achievement of SDG 9 according to the 
Eurostat SDG Index (SDG 9: Industry, Innovation and 
Infrastructure); 

- Countries occupy leading positions in the Digital 
Economy and Society Index (DESI) ranking for 2017-
2024 in the following components: digital 
infrastructure, digital public services, and 
digitalization of enterprises (European Commission, 
2022a); 

- Governments are implementing measures within the 
framework of national digital strategies that are aligned 
with the EU’s EU Digital Decade 2030 program, 
including the implementation of roadmaps and budget 
funding for programs;  

- Availability of official data and strategic documents on 
innovation and infrastructure development policy as a 
prerequisite for comparative analysis of countries 
(Eurostat, European Commission). 

The second stage of the study involved combining various 
methods of analyzing the collected quantitative closed data. 
Multidimensional structural analysis (Fura et al., 2025) was 
used to compare countries by the components of the Digital 
Economy and Society Index (further – DESI) during 2020-
2024: Digital infrastructure, digital public services, and 
digitalization of enterprises. The third stage of the study 
involved the use of structural content analysis and multi-
criteria analysis to synthesize qualitative data. Structural 
content analysis was used as a method of studying the official 
digital strategies of EU countries according to the following 
criteria: Budget priorities, areas of digitalization (ICT 
infrastructure, digital skills, artificial intelligence, open data, 
cloud technologies); institutional mechanisms for ensuring 
digital development in the country. The multi-criteria analysis 
method was applied to support a qualitative assessment of the 
implementation of SDG 9 in EU countries, following the 
methodology proposed by Brodny and Tutak (2023a), where 
this approach is used to critically compare digitalization 
policies, institutional models of digital development, and 
achieved results. The fourth stage of the study involved 
analyzing indicators of innovative development and transport 
efficiency in each country.  

Secondary data from official databases were analyzed to 
determine the extent to which countries have achieved SDG 9, 
including: The Eurostat SDG 9 database (R&D expenditure, 
high-tech exports, patent applications, VHCN coverage); 
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aggregate estimates of the Digital Economy and Society Index 
(DESI) ranking; the Organization for Economic Cooperation 
and Development (OECD) database and indicators of 
investment in innovation, public spending on R&D, and the 
level of digital inclusion.  

RESULTS 

The strategic guidelines for digital transformation are set 
out in the EU’s Digital Decade 2030 program, which focuses on 
the development of digital skills, digital infrastructure, and the 
digitalization of business and public services (European 
Commission, 2021). The Recovery and Resilience Facility 
2021-2026 is defined as the main instrument for the digital 
transition in the EU, financed through the debt market. To 
develop the EU’s artificial intelligence sector, the European 
Office for Artificial Intelligence was established, responsible 
for expertise, innovation, policy coordination, and 
implementation of relevant legislation (European 
Commission, n.d. – a). 

The European Commission’s State of the Digital Decade 
2025 report contains the results of achieving the goals in these 
areas. Despite the introduction of cloud technologies, big data, 
and artificial intelligence by businesses, digital business 

development needs to be accelerated. There are problems with 
building digital infrastructure. About 55% of EU residents have 
digital skills. The availability of specialists with ICT skills is 
assessed at a low level, which leads to problems in 
cybersecurity and the use of artificial intelligence. Stability is 
evident in achieving the goals of digitalizing public services, 
but there is a dependence on the providers of these services to 
develop digital infrastructure. The main difficulties of digital 
development are related to complex regulations, the EU’s 
strategic dependence on other markets, and the fragmentation 
of the internal digital market (European Commission, 2021).  

During 2017-2022, Finland, Sweden, and Denmark were 
significantly ahead of other EU countries in the DESI index 
(Table 1), with an average value of 69.6 points, 69.33 points, 
and 65.22 points, while the EU average was 52.28 points in 
2022. In general, since 2017, there has been a significant 
increase in the level of economic digitalization in the EU and 
in Finland, Sweden, and Denmark. 

The development of digital public services in these 
countries was at the highest level, with the corresponding sub-
index in all three countries exceeding 80 points. Internet 
connectivity and human capital development received 
somewhat lower scores, while the least developed area was the 
integration of digital technologies (Figure 1). 

The level of digital intensity was 67.05% in Finland, 65.15% 
in Denmark, and 62.13% in Sweden in 2022, significantly 
outpacing other EU countries. This indicates the high 
digitalization of enterprises, particularly in the areas of cloud 
technologies, artificial intelligence, and big data.  

In 2023, Denmark made significant progress in achieving 
the goals of the EU’s Digital Decade 2030 program, namely in 
the digitalization of public services and the increase in ICT 
professionals. The introduction of digital technologies by 
small and medium enterprise (SMEs) and artificial intelligence 
remains problematic. New strategies for digital development 
in the country include increasing the level of digital literacy of 
the population, strengthening cybersecurity, and 
environmental transition using technology. Denmark is 
actively involved in EU initiatives to use digital twins and 
create innovation hubs (European Commission, 2025, n.d. – a, 
n.d. – c, n.d. – d) (Table 2). 

Table 1. Dynamics of the DESI index in Finland, Sweden and Denmark in 2017-2022 
Country 2017 2018 2019 2020 2021 2022 
Denmark 46,48 48,69 52,05 55,97 65,25 69,33 
Finland 47,85 50,37 54,14 58,43 63,16 69,60 
Sweden 45,71 48,74 51,96 55,75 60,49 65,22 
European Union 33,72 35,92 38,64 41,67 46,20 52,28 
Source: European Commission, 2022a 

 
Figure 1. DESI index and sub-indices in Finland, Sweden and 
Denmark, 2022 (European Commission, 2022b) 

Table 2. DESI indicators in Finland, Sweden and Denmark, 2023-2024 

Indicator 
Denmark Finland Sweden 
2023 2024 2023 2024 2023 2024 

Fixed very high-capacity network (VHCN) 96,3% 97,2% 70,8% 77,7% 81,6% 88,5% 
Fibre to the premises (FTTP) coverage 77,9% 84,0% 50,3% 61,2% 81,5% 83,9% 
Total 5G coverage 97,8% 100,0% 94,7% 98,4% 20,5% 90,3% 
SMEs with at least a basic level of digital intensity 79,4% 75,3% 81,6% 85,6% 86,1% 79,9% 
Cloud technologies 62,2% 66,2% 66,3% 73,0% 69,2% 66,0% 
Artificial intelligence 23,9% 15,2% 15,8% 15,1% 9,9% 10,4% 
Source: Systematized by the author according to the European Commission (2024a, b, c) 
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Denmark’s national roadmap envisages strengthening the 
competitiveness of enterprises, improving public services and 
green transition. in November 2023, the Digitalization 
Strategy for 2023-2027 was updated, which will provide 
funding for initiatives to strengthen technological knowledge 
in primary school, increase the use of digital technologies 
(robotics, artificial intelligence, open data) in the amount of 
100 million euros. Digitalization is based on strategies: The 
Joint Government Digital Strategy 2022-2025, the Danish 
National Strategy for Quantum Technologies, and the 
Cybersecurity and Information Security Strategy (European 
Commission, 2024a).  

Finland has lower estimates of digital development of the 
economy compared to Denmark, including a less developed 
fixed very high-capacity network (VHCN), an average degree 
of FTTP coverage, although high coverage of high-speed 
Internet, a higher degree of digital intensity of SMEs and 
digitalization of public services in 2023-2024. The use of cloud 
technologies is above average, while artificial intelligence 
technologies and big data analytics are less used. In 2023-
2024, the level of basic digital skills increased, and the share of 
ICT specialists remained at 7.6%. 

Finland’s National Digital Transformation Strategy is 
based on the principles of the EU’s 2030 Digital Decade 
roadmap, according to which the introduction of digital 
technologies in the country should promote the development 
of digital skills, digital infrastructure, SME digitalization, and 
digital public services. The roadmap for the implementation of 
Finland’s strategy provides for the allocation of financial 
resources in the amount of 559 million euros (0.2% of GDP) to 
improve the accessibility of the Internet. Government 
programs, such as the National Digital Architecture and 
AuroraAI, provide for the creation of an integrated ecosystem 
of public services based on artificial intelligence and open data 
technologies (Ministry of Transport and Communications of 
Finland, 2023). With 82 percent of citizens having basic digital 
skills and 85.6 percent of SMEs demonstrating high digital 
intensity, Finland maintains near-universal 5G coverage and 
ranks among the highest in the EU in terms of e-government 
(European Commission, 2024b).  

Sweden is in an intermediate position between Denmark 
and Finland in terms of fixed-line network development and 
FTTP coverage. Between 2023 and 2024, 5G coverage increased 
significantly, but the share of SMEs with a basic level of 
digitalization decreased to 79.9%. The use of cloud 
technologies by businesses is at an average level, and artificial 
intelligence is the least widespread among all countries. There 
has been no progress in the development of basic digital skills 
of citizens and the share of ICT professionals, although the 
level of digitalization of public services has increased slightly.  

High-speed Internet coverage is defined as the basis for 
building digital infrastructure in the innovation economy and 
achieving other sustainable development goals. Denmark has 
increased its coverage from 93.0% in 2019 to 96.8% in 2024, 
which means more households have access to a fixed network 
connection. Finland managed to increase its coverage from 
61.8% in 2019 to 81.7% in 2024, and Sweden - from 77.1% to 
89.7%, respectively. For comparison, the average coverage in 
the EU was 50.3% in 2019 and 82.5% in 2024 (European 
Commission, n. d - b). Denmark managed to achieve such 
progress due to the introduction of IoT technologies in the 
industrial sector, Sweden - due to government incentives to 
expand the digital network, and Finland - due to the 
digitalization of infrastructure.  

Sweden is a leader among countries in terms of R&D 
expenditures, which exceeded 3% of GDP in 2017-2023, as well 
as in terms of R&D labor force employment with an increase 
of 0.52% of the total labor force. This indicates the use of 
available human capital and its involvement in the 
development of innovations. Finland shows a steady increase 
in R&D expenditures, with a slightly lower growth in R&D by 
specialists. In Denmark, there were practically no changes in 
R&D funding, and the share of specialists increased by 0.26% 
in 2017-2023 (Table 3). Sweden also has significantly higher 
patent activity, and the number of applications for patents 
increased by 1342 units. In contrast, in Denmark and Finland, 
the indicator is much lower with a slow upward trend. 

In the context of SDG 9, transport efficiency indicators 
(passenger and freight transportation) in Finland, Sweden and 

Table 2 (Continued). DESI indicators in Finland, Sweden and Denmark, 2023-2024 

Indicator 
Denmark Finland Sweden 
2023 2024 2023 2024 2023 2024 

Data analytics NA 49,5% NA 40,6% NA 35% 
Basic digital skills 68,7% 69,6% 79,2% 82,0% 66,6% 66,4% 
ICT specialists 5,7% 5,9% 7,6% 7,6% 8,6% 8,7% 
Digital public services 84,1% 84,2% 91,6% 90,6% 88,2% 93,3% 
Source: Systematized by the author according to the European Commission (2024a, b, c) 

Table 3. Innovation development indicators in Finland, Sweden and Denmark, 2017-2023 
Country 2017 2018 2019 2020 2021 2022 2023 Deviation, +/- 
Gross domestic expenditure on R&D 
Sweden 3,39 3,35 3,4 3,5 3,42 3,47 3,6 0,20 
Finland 2,75 2,78 2,82 2,93 3,01 2,98 3,09 0,27 
Denmark 2,94 2,98 2,95 2,97 2,74 2,87 2,99 0,04 
EU-27 2,14 2,17 2,21 2,28 2,24 2,23 2,24 0,03 
R&D personnel, Percentage of population in the labor force – numerator in full-time equivalent (FTE) 
Denmark 2,1 2,07 2,12 2,12 2,11 2,36 2,36 0,26 
Sweden 1,73 1,77 1,75 1,81 2,18 2,25 2,25 0,52 
Source: Systematized by the author according to the European Commission (2024a, n.d. – b, n.d. – c) 
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Denmark for 2017-2023 indicate a lack of progress in the 
implementation of certain sustainable development targets. 
The share of bus and rail passenger transportation in the 
countries remained virtually unchanged (with the exception of 
Finland), indicating no changes in sustainable mobility, 
challenges to sustainable transition, and difficulties in 
expanding the availability of transport for the population. The 
share of rail and inland waterway transportation in domestic 
freight transportation (road, rail, and inland waterway) 
slightly decreased in 2017-2023, especially in Finland (Table 
4). This indicator is directly related to the increase in the 
environmental friendliness of transportation and the 
development of the countries’ infrastructure (Andriyiv et al., 
2022). However, compared to other EU countries, Denmark, 
Finland, and Sweden have slightly higher ground passenger 
transport efficiency rates. Digital technologies, such as 5G 
coverage, are transforming passenger transport, providing a 
number of benefits: Greater accessibility and connectivity, and 
greater mobility. At the same time, the increase in passenger 
transport efficiency in Finland may be due to the higher level 
of digital skills among the population, which was significantly 
higher than in Denmark and Sweden. This makes passenger 
transport services more accessible to citizens.  

It should be noted that Finland had the largest investments 
in multimodal transport development projects in 2020, 
amounting to EUR 21.2 million. For comparison, in Sweden, 
the figure was €10.2 million in 2020, and Denmark had the 
highest total infrastructure investment of €824.5 million in 
2020, of which €719.5 million was invested in railways 
(Krzykowska-Piotrowska et al., 2022). Finland focused on the 
development of high-speed railways in 2017-2023 with 
funding from EU structural funds, in particular in the form of 
subsidies. Sweden has invested in multimodal solutions for the 
modernization of railways, ports, and water transport. 

The intensity of air pollutant emissions from the 
manufacturing sector per unit of industrial value added was at 

the lowest level in all countries in 2017-2023. The average 
value of the emissions intensity indicator was estimated at 
0.01% in Denmark, 0.07% in Finland, and 0.05% in Sweden 
(0.07% in the EU) (European Commission, n. d-h). The 
indicator indicates high efficiency of industrial production. In 
Denmark, the introduction of a tax on industrial gas emissions 
in 2020 (24 euros per ton of emissions) and the use of 
alternative energy sources have provided incentives to reduce 
emissions. Sweden abandoned the use of coal in 2020, and 54% 
of its energy is generated through renewable energy sources. 
An additional factor in decarbonization was the introduction 
of industrial innovations and R&D results in ensuring 
sustainable production. Finland has introduced carbon taxes, 
especially in energy-intensive production.  

DISCUSSION 

The findings of this study are consistent with and extend 
the growing body of literature that emphasizes the key role of 
digital technologies in achieving Sustainable Development 
Goal 9 (SDG 9). At the same time, the article emphasizes the 
importance of national digital transition plans alongside 
financing infrastructure development and directing 
investments into transport networks. National strategies or 
roadmaps for the digital transformation of infrastructure 
through increased high-speed Internet coverage. A 
comparative analysis of the digitalization of Denmark, 
Sweden, and Finland confirms the importance of digital 
development strategies at the EU level and their coherence 
with national strategic documents. The Scandinavian 
countries have achieved a high level of digitalization of public 
services, development of basic digital skills of citizens, and 
digital infrastructure by increasing broadband coverage. 
Denmark is a leader in the development of digital 
infrastructure in terms of Internet accessibility. Finland is 

Table 3 (Continued). Innovation development indicators in Finland, Sweden and Denmark, 2017-2023 
Country 2017 2018 2019 2020 2021 2022 2023 Deviation, +/- 
Finland 1,88 1,9 1,95 2,04 2,11 2,1 2,19 0,31 
European Union - 27  1,3 1,37 1,4 1,44 1,49 1,53 1,56 0,26 
Patent applications to the European Patent Office by applicants’ / inventors’ country of residence 
Denmark 2089 2385 2415 2420 2646 2685 2597 508 
Finland 1797 1728 1705 1899 2108 2140 2336 539 
Sweden 3783 4055 4395 4422 4947 5040 5125 1342 
European Union – 27  63897 66181 66510 65925 67820 67612 68647 4750 
Source: Calculated by the author according to European Commission (n.d. – c, n.d. – d, n.d. – e) 

Table 4. Transport efficiency indicators in Finland, Sweden and Denmark, 2017-2023 
Country 2017 2018 2019 2020 2021 2022 2023 Deviation, +/- 
Share of buses and trains in inland passenger transport, % 
European Union – 27  16,9 17,0 17,2 12,8 13,3 16,4 16,9 0,00 
Denmark 18,4 18,0 17,3 12,8 13,1 18,8 18,2 -0,20 
Finland 15,8 15,8 16,1 13,0 12,3 15,8 17,0 1,20 
Sweden 19,6 19,6 20,5 16,0 15,9 19,0 18,2 -1,40 
Share of rail and inland waterways in inland freight transport, % 
European Union - 27  25,0 24,7 24,0 22,6 22,7 22,2 21,9 -3,10 
Denmark 11,5 11,8 11,5 10,8 8,7 9,6 8,2 -3,30 
Finland 27,7 29,3 27,2 26,2 27,3 23,0 22,6 -5,10 
Sweden 30,2 30,2 30,2 29,8 29,0 28,9 29,9 -0,30 
Source: European Commission (2022b, n.d. – h) 
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distinguished by its leadership in digital governance and 
digital innovation for business, while Sweden is the 
undisputed leader in terms of R&D spending and patent 
activity. All countries have an average level of use of cloud 
technologies, a below-average level of use of data analytics, 
and a low level of use of artificial intelligence.  

The results are in line with the findings of Argyroudis et al. 
(2022), which emphasize the role of digital technologies in 
increasing the climate resilience of digital infrastructure. At 
the same time, Scandinavian countries have different factors 
for ensuring digital infrastructure development. Finland has 
managed to achieve progress by strengthening digital 
governance and focusing on the development of digital skills 
and high-speed Internet coverage. At the same time, the 
country’s government has allocated significantly more 
funding to implement the National Digital Transformation 
Strategy until 2030, the development of digital infrastructure 
remaining a priority. Therefore, in the absence of significant 
changes in transport efficiency and substantial funding, there 
are problems with managing the digitalization of the country’s 
transport sector. Clearly, the country needs direct investment 
in the digitalization of its transport infrastructure. High-speed 
Internet coverage is considered the basis for developing digital 
infrastructure in an innovative economy and achieving other 
sustainable development goals in Sweden, which has also 
made significant progress in this area. Denmark and Sweden 
use digital twins and the Internet of Things in manufacturing. 
The study by Bachmann et al. (2022) confirms the crucial role 
of digital solutions in achieving the SDGs, which correlates 
with the example of Finland and its National Digital 
Architecture and AuroraAI artificial intelligence programs. 
However, governments need to find further solutions to 
increase the level of digitalization of countries’ transport 
infrastructure, which, when combined with investment in 
skills and business investment in technology, will significantly 
improve the accessibility of transport services and mobility 
and promote a sustainable transition of the sector. At present, 
the main problem and challenge for governments remains 
ensuring synergy between investments in infrastructure, 
digital skills, and technology.  

Instead, the results differ from the findings of Brodny and 
Tutak (2023a, 2023b), who showed the fragmentation of 
digitalization in the EU and Poland in particular. This is due to 
the coverage of the peculiarities of digitalization in the 
Scandinavian countries, their systematic approaches to the use 
of digital technologies and the alignment of national policies 
with the EU’s 2030 Digital Decade.  

The results also correlate with the findings of 
Dzhunushalieva and Teuber (2024), who found that countries 
with more effective innovation policies, such as Sweden, 
achieve higher results in achieving the SDGs. Thus, the 
Scandinavian approach demonstrates the use of digital 
potential in promoting sustainable development, in particular 
by bridging the gap in Internet accessibility through high 
levels of coverage. The analysis also demonstrates the 
importance of strategic digitalization planning for the 
development of innovation, infrastructure, and industrial 
digitalization, which is in line with the findings of Singh and 
Ru (2023), who emphasize structured national planning and 
investment in infrastructure as a prerequisite for achieving 

SDG 9. Finally, the study adds to the existing academic 
literature with empirical evidence on the importance of 
digitalization in the innovative development of the Nordic 
countries and the achievement of SDG 9. A comparative 
analysis of the latest data on SDG 9 indicators in Finland, 
Sweden, and Denmark has allowed us to empirically 
substantiate the importance of the European Digital Agenda 
and national government actions in ensuring sustainable 
development.  

CONCLUSIONS 

The Scandinavian countries are significantly ahead of the 
EU average in the digital transformation of the economy, 
digitalization of public services, and implementation of high-
speed coverage. Denmark demonstrates the highest level of 
digital integration with an overall Internet coverage of 100% 
in 2024, while Sweden is a leader in innovation and R&D due 
to the highest R&D expenditures in 2017-2023 and a high 
share of ICT professionals. Finland has secured leadership in 
SME digitalization and the development of digital skills of the 
population. At the same time, the use of artificial intelligence 
and data analytics remain problematic in all countries. The 
countries’ transport efficiency indicators indicate a slow pace 
in achieving SDG 9, while the introduction of taxes and 
decarbonization policies have ensured the achievement of 
industrial emission minimization targets and strengthened the 
environmental efficiency of industrial production. Overall, 
these findings show that the role of digital technologies in 
achieving SDG 9 remains low, as despite significant spending 
on innovation and R&D, the use of artificial intelligence and 
data analytics is below average. Digitalization policies should 
include increased support for SMEs in the adoption of artificial 
intelligence, big data, and cloud technologies through 
financial incentives. The Scandinavian countries also have 
opportunities to create a unified digital ecosystem of public 
services based on data analytics and artificial intelligence. 
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