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ABSTRACT 

Digitalization is a primary driver of sustainable development. We investigate the impact of 

digitalization on the carbon footprints of the (national) government sector, households, enterprises, 

non-governmental organizations, and imported carbon footprints. We use panel data analysis to study 

the link between digitalization and sustainable economic growth by monitoring digital carbon footprint 

patterns. Our study results show that digitalization has a positive and statistically significant impact on 

sustainability development measured by the sustainable development goals (𝑆𝐷𝐺). Furthermore, our 

results support the hypothesis that advancing total factor productivity, referring to green total factor 

productivity, is critical for meeting 𝑆𝐷𝐺s. Notably, we determine that the ecological footprint across 

sectors and countries is diverging, or at best, slowly converging at a pace that is not even close to that 

required to meet the 2030 𝑆𝐷𝐺s. Therefore, policymakers and practitioners must strategically revise 

sustainability policies to ensure industrial and economic transition and adaptability to climate change 

and advance economic green growth and sustainable development. 

 

Keywords: Digitalization, carbon footprint, economic growth, sustainability, sustainable development 

goals 

 

1. Introduction 

While previous research has dedicated considerable attention to exploring the impact of digitalization 

on economic growth and productivity, more comprehensive studies have to focus on the relationship 



between digitalization, carbon footprint, and sustainability, particularly at a pan-European level. This 

study fills this gap by providing empirical evidence regarding the impact of digitalization on 

sustainability across different sectors within the European Union (EU). 

Economies based on digital transformation produce goods and services with lower carbon dioxide 

(CO2) emissions (Hilty, 2008; Malmodin and Lunden, 2018), and countries with a significant proportion 

of advanced digital technology enterprises can attain a path of sustainable growth considerably faster 

(Manyika et al., 2013). However, the extent of digital adoption substantially impacts the carbon 

footprints of businesses and economies (Ghisetti et al., 2016). Countries with moderate digitalization 

and lower CO2 emissions, such as Croatia, rely heavily on the service industry (Croatian Bureau of 

Statistics, 2018), and Romania has a low-carbon footprint due to intense land-use change and forestry 

(Romanian National Institute of Statistics, 2019). Although the correlation between trade and digital 

technology adoption has been demonstrated to be positive, it could certainly be stronger (Mellouli et 

al., 2014). Current literature has to include comprehensive studies regarding the effect of digitalization 

on carbon footprints and sustainability (Coroama et al., 2012). 

The digital economy raises the proportion of trade in 𝐺𝐷𝑃. However, this is not a permanent effect 

(Gordon, 2012). The Netherlands, Cyprus, the Czech Republic, Slovakia, Slovenia, and Spain are prime 

examples of top EU member countries in digital adoption (European Commission, 2020). Sustainable 

development can be promoted through introducing resource-efficient products, technological 

inclusiveness, and innovative green technologies into the digital economy (Bibri and Krogstie, 2017). 

Digital foreign direct investment (FDI) policies could facilitate the incorporation of small and medium-

sized enterprises (𝑆𝑀𝐸𝑠) into global and regional value chains (UNCTAD, 2017). Furthermore, 

sustainable economic expansion can be advanced by improving total factor productivity (𝑇𝐹𝑃) 

(Syverson, 2017). 

Previous studies have supported the hypothesis that 𝑇𝐹𝑃 in the form of green productivity is crucial 

for meeting the United Nations 2030 Sustainable Development Goals (𝑆𝐷𝐺𝑠). This is particularly 

relevant for the sustainability of agricultural production (Gaitán-Cremaschi et al., 2016; Alhassan, 

2021), human capital, and ecological footprints (Yue et al., 2019; Jebali and Essid, 2020; Bai et al., 

2019). Sectoral divergence can limit energy transitions, requiring green technology adoption, 

decreased carbon energy intensity, and carbon trade import. This conclusion is also applicable for 

studies advocating sustainability integration at micro and macro levels as essential to advancing 

sustainable development (Hisne et al., 2022; Hermawan et al., 2017; Abdallah et al., 2021; Sherafati 

et al., 2020; Gupta et al., 2019). The green agenda must be integrated on micro and macro levels 

across all sectors to achieve convergence in reducing carbon footprints and ensure feasible and 

consistent energy transition (Chun et al., 2019; Zhou et al., 2020; Wang and Wang, 2021; Adedoyin 

et al., 2020). 

A unique aspect of our study is incorporating multiple digitalization indicators to enhance our 

comprehension of the interplay between sustainability and digitalization. An assessment comparing 

these metrics is presented, supported by our selection of the Digital Economy and Society Index (𝐷𝐸𝑆𝐼) 

for our research aims. We also accentuate the significance of sectoral variance in adopting digital 

technologies and consequent influences on associated carbon footprints. This consideration has not 

been engaged in existing studies, which have typically examined overall economies rather than 

scrutinizing sectoral differences. 

Sustainable economic growth requires energy transition and a decreasing carbon footprint. We 

investigate the influence of digitalization on carbon footprints at the (national) government sector, 

household, enterprise, nongovernmental organizations (𝑁𝐺𝑂𝑠), and import level. The World 



Inequality Database (WID; https://wid.world) provides our carbon footprint information. DESI, 

calculated as the weighted average of the four significant 𝐷𝐸𝑆𝐼 variables, functions as a proxy for 

European digital transformation. Data and time series constraints of the EU Member States DESI from 

2016 to 2020. We examine national and individual carbon footprints from EU countries, revealing 

considerable differences between sectors and countries. Digitalization is found to have the most 

significant beneficial impact on the 𝑁𝐺𝑂 sector's carbon footprint (reduced CO2 emissions). 

A rising national carbon footprint (Mt CO2) keeps a nation from advancing sustainable economic 

growth. The global economy's increasing digitalization is increasing the digital carbon footprint, which 

is detrimental to sustainable development, presenting a considerable obstacle. A nation's policies and 

efforts to advance sustainable development can harm financial development. Eliminating operational 

failures and improving data-centric operating procedures through advanced digitalization can increase 

sustainability by reducing the carbon footprint. Pooled ordinary least squares OLS may not be the 

optimal method for best-fit modeling, as CO2 emissions, digitalization, and sustainability conditions 

vary significantly among nations. 

The effect of 𝑇𝐹𝑃 on sustainability is positive. The influence of total CO2 emissions on sustainability is 

also positive. This study uses a oneway fixed (time effect) regression with time effects, demonstrating 

that the last decade has witnessed greener growth than previous decades, wherein a unit gain in 

energy efficiency causes an increase in the 𝑆𝐷𝐺 index. 

Trade significantly impacts sustainability, with statistically significant trade parameters. Our data 

sample best fits a one-way fixed regression model with a time effect. The model includes the data well 

to explain the dynamics and patterns in our data sample. As established by the United Nations in 2015, 

the 2030 𝑆𝐷𝐺𝑠 are not currently achievable. Green growth, inclusive growth, and sustainable 

development depend heavily on 𝑇𝐹𝑃. 

According to our results, increased national carbon footprints have a detrimental impact on 

sustainability, and the green agenda must permeate all sectors at local and macro levels to achieve 

convergence in reducing carbon footprints. Economic expansion is required for green growth and 

sustainable development; however, more effort is needed. Policymakers must move toward advancing 

sustainable growth policies and reevaluate and strategically revise existing policies. Abrupt “degrowth” 

through policy shock therapy, which has frequently been used to combat inflation, is not an option for 

the green transition. 

The use of fossil fuels as primary energy sources harms sustainability, particularly for primary fuels. 

The ratio of fossil fuels in immediate energy consumption decreased from 85 % in 2019 to 82 %. An 

organized and effective policy framework is essential for advancing the global energy transition and 

overall green transformation. However, high levels of risk and uncertainty perceived by banks and 

other financial organizations can be barriers. The direct support of the global banking system continues 

to emphasize the fossil fuel industry, and financial education regarding the green energy industry, 

green labels, and environmental levies are required. Nevertheless, more is needed. Digital platforms 

can lower the carbon footprint of communication and coordination regarding transportation, resource 

use, and land use (Renn et al., 2021). Additive manufacturing, which can create lighter objects, is the 

most prevalent approach for lowering carbon footprints related to material use. 

Our study bridges the gap in the literature by producing empirical evidence regarding the effect of 

digitalization on carbon footprints and sustainability. According to previous research, the link between 

digitalization and advancing the 𝑆𝐷𝐺𝑠 remains inconclusive. Our research validates digitalization as a 

crucial factor of sustainable development to achieve the 2030 𝑆𝐷𝐺𝑠. The findings empirically support 

the no-digital rebound effect on the macro level in Europe. Furthermore, our study confirms the 



positive impact of digitalization on advancing sustainable development. The empirical results 

contribute to research on digitalization and sustainability at sectoral and macro levels. 

The remainder of this paper is structured as follows. We next present the relevant literature on 

digitalization and carbon footprints after introducing the topic. We then detail the data sources and 

research framework in section, supplying the study results in the subsequent section. The final two 

sections discuss our study results and summarize our findings with concluding remarks. 

 

2. Literature review 

The impact of digitalization on micro and macro carbon footprints lacks solid empirical knowledge. 

However, one body of research, based on the hypothesis that globalization and digitalization have 

contributed to a spike in the carbon footprint, has demonstrated a negative link between digitalization 

and carbon footprint (Sharma and Dash, 2022; Wilson, 2019). 

Another strand of literature focuses on digitalization as a primary driver in protecting against 

environmental degradation and achieving sustainable development targets (Ma et al., 2022; 

Burinskiene and Seržante, 2022; Patsavellas and Salonitis, 2019; Zhu et al., 2022a, b). 

Table 1 presents a survey of the empirical literature on the digitalization-carbon footprint relationship. 

Table 1 shows that research on digitalization and sustainability is limited and constrained to panel data 

studies of a few countries. The research has to include more extended time series data and intra/ 

intersectional studies across sectors and nations to examine country-specific sectoral and time effects 

too. 

Digitalization and social media can potentially overcome the challenges of communicating time-

sensitive disaster information in realtime. Integrating digitalization concepts, mobile devices, and big 

data analytics with traditional early warning systems could significantly improve disaster response time 

and expedient action (Balogun et al., 2020). Improved digital economy development has influenced 

the CO2 emissions efficiency of China's industrial sector (Xie and Zhang, 2022). Research results (Wu 

et al., 2021) have also demonstrated that the internet has the potential to enhance green total factor 

energy efficiency, which can be accomplished by reducing resource mismatches, improving 

technological innovation, and upgrading the industrial structure. A precise identification system to 

track emerging ecological environment concerns in real-time and foster coordinated expansion of the 

digital and green economy is urgently needed (Hao et al., 2023). A comprehensive study of 60 

countries revealed that increased digital economy development has a positive effect on the quantity 

of CO2 emissions but a negative effect on intensity (Dong et al., 2022a, b). 

In the case of Africa, Solomon and van Klyton (2020) study the burgeoning literature on this topic by 

separately examining the effects of individual, company, and government information and 

communications technology (𝐼𝐶𝑇) usage on economic growth. The authors found that digitalization's 

impact on sustainability in Africa differs across individual, company, and government 𝐼𝐶𝑇 practices. In 

China, regional heterogeneity characterizes the CO2 emissions reduction effect of the digital economy, 

with the result being more pronounced in eastern regions than central, western, or northern regions 

(Yi et al., 2022). The technologies of the fourth industrial revolution can enhance manufacturing 

productivity and performance. Some studies contend that digital technologies can significantly 

contribute to energy conservation. Others argue that adopting technology may necessitate increased 

energy use and CO2 emissions (Lim and Son, 2022). 

 



Table 1 Literature survey on digitalization and carbon footprint nexus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 1 (continued) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 Source: Authors’ research. 

 

Theoretical and review research (Kunkel and Tyfield, 2021; Ufua et al., 2021; Onyango and Ondiek, 

2021) has investigated the importance of digital technology adoption and digitalization, advancing the 

theoretical body of knowledge on digitalization. 



Empirical studies on the link between digitalization and the SDGs have focused on specific digitalization 

effects, including supply chain digitization (Nayal et al., 2021), digital inequality (Rothe et al., 2022), 

industrialization (Kunkel and Tyfield, 2021), digital entrepreneurship (Herman, 2022), health (Asi and 

Williams, 2018), digital government (Janowski, 2016; Saner et al., 2020), smart cities (Allam and 

Jones, 2021), and education (Anasi et al., 2018), finding positive implications regarding the impact of 

digitalization on sustainability. However, digital rebound research demands caution in setting up a 

clear, positive empirical link between digitalization and sustainability (Sorrell, 2009a, b; Wiesmeth, 

2021; Lange et al., 2020; Pereira et al., 2020; Lange et al., 2021), considering the discrepancies in 

previous studies. 

The findings indicate that the digital economy reduces the growth of CO2 emissions significantly and 

that this effect remains significant despite changes in the magnitude of the coefficient when control 

variables are gradually increased (Zhu et al., 2022a, b). The 𝐼𝐶𝑇 component will decrease power 

consumption, meaning that 𝐼𝐶𝑇 has the potential to cut household electricity demand in the short 

term (Adha et al., 2022). The other studies (Wang et al., 2022a, b ... chýbajú ďalšie) have investigated 

the impact of sub-indicators of the digital economy (infrastructure, social impact, innovation and 

application, and economic growth and jobs) on CO2 emissions, identifying the reasons for reducing the 

effects of digital emissions and providing governments with clear strategic directions for developing 

the digital economy. Technological progress in the energy sector can effectively reduce CO2 emissions 

with a hysteresis effect (Jin et al., 2017). 

Our study contributes to the scholarly body of literature by seeking to unravel the link between 

digitalization and sectoral carbon footprints. 

 

3. Data and methods 

This study examines the empirical link between digitalization and sustainable economic growth. The 

path to sustainable economic growth is led by energy transition and a carbon footprint moving toward 

zero. The strategic development and implementation of efficient economic policies to advance the 

sustainable global economy requires empirical (quantitative) knowledge of the primary determinants 

of sustainable growth. It is safe to assume that the link between digitalization and carbon footprints 

differs across sectors; thus, we examine the impact of digitalization on carbon footprints at total 

(national), government sector, household, business sector (investment), 𝑁𝐺𝑂, and imported CO2 

emissions levels. The data on carbon footprints are obtained from the 𝑊𝐼𝐷, measuring related carbon 

footprints from 2016 to 2020. Although data on carbon footprints are available in longer time series, 

we are limited by data availability on digitalization. Many globally acknowledged indicators of 

digitalization are reported by government institutions or professional business analytics companies. 

The differences in methodologies used for collecting and assessing the level of digitalization are 

significant. After comparing different digitalization indicators (Table 2), we determine that the 𝐷𝐸𝑆𝐼 

is appropriate for conducting our analysis. 

The 𝐷𝐸𝑆𝐼 measures the progress of the digital economy toward digital transformation, offering 

country profiles and thematic chapters at a European level of analysis across critical digital areas, 

providing EU member states with the research needed to identify areas that require priority action. 

See European Commission 𝐷𝐸𝑆𝐼 methodological note (2022) for details and the methodological 

parameters used for the 𝐷𝐸𝑆𝐼 (human capital, connectivity, integration of digital technology, and 

digital public services). 



We use 𝐷𝐸𝑆𝐼 data from 2016 to 2020 as a proxy for digital transformation in Europe, calculated as the 

weighted average of the four main 𝐷𝐸𝑆𝐼 dimensions with selected weights. Since the sample selection 

and aggregation methodology are beyond the scope of this study, we do not discuss each component 

or dimension. 𝐷𝐸𝑆𝐼 is an appropriate indicator for monitoring member states' progress toward 

advancing a digital society, which is the intent of this study. 𝐷𝐸𝑆𝐼 is limited to data for EU member 

states and time series from 2016 to 2020; thus, our sample is constructed within this data framework. 

We use a comprehensive global data sample from the 𝑊𝐼𝐷 for the carbon footprint data (Chancel, 

2022), with data on EU countries' national and individual carbon footprints (time series data from 2016 

to 2020) to determine the following: 

 

 Total direct emissions from production and institutional sectors of a given country under 

production-based accountancy (𝑁𝐴𝑇). 

 Governments' total emissions (𝐺𝑂𝑉). 

 Households' total emissions (𝐻𝑂𝑈𝑆𝐸). 

 Investment-related emissions (𝐺𝐹𝐶𝐹). 

 Nongovernmental organizations' total emissions (𝑁𝐺𝑂). 

 National net imports of CO2 emissions (𝐼𝑀𝑃𝑂𝑅𝑇). 

 

For detailed explanations of methodology and sample variables definition, see (Chancel, 2022). All 

carbon footprint variables are expressed in per capita and constant local purchasing power parity at 

2021 prices. 

This study investigates the following hypotheses: 

 

 𝐻1: A causal link exists between digitalization and sustainability (Granger causality); 

 𝐻2: This link is generally positive; 

 𝐻3: However, the strength and impact of the link depends on economic structure (natural 

resources availability; natural resources management), institutional economics (differences 

across economic sectors), energy import dependence, technological progress, digital adoption, 

financial development, energy transition, and urbanization. 

 

  



Table 2 Summary of different digitalization indicators. 

 

 

 

 

 

 

 

 

 

Source: Authors' research. 

 

We use panel data analysis to examine the link between digitalization and sustainability by monitoring 

digital carbon footprint patterns for 27 EU member states from 2016 to 2020. Since the time dimension 

of the sample is minimal, we do not use dynamic panel data modeling since the system generalized 

method of moments requires a large sample approach. We apply pooled data regression with group 

fixed effects. Emissions per capita include emissions from domestic consumption, governmental and 

private investments, imports and exports of carbon-containing goods, and services traded with the 

rest of the world (Francois Burq, 2021; Chancel, 2022). The data measure definitions and sources are 

as follows: 

 

 𝑑𝑡 = 𝐷𝐸𝑆𝐼; level of digitalization in the society, 𝐷𝐸𝑆𝐼 (https://digital -

strategy.ec.europa.eu/en/policies/desi); 

 𝑡𝑓𝑝 = 𝑇𝐹𝑃 index 2015 = 100, 𝐴𝑀𝐸𝐶𝑂 database (https://economy-fi 

nance.ec.europa.eu/economic-research-and-databases/economic-databases/ameco-

database_en); 

 𝑡𝑜𝑡𝑎𝑙𝐶𝑂2 = national CO2 footprint, total population, per-capita emissions (𝑀𝑡 CO2), 𝑊𝐼𝐷 

(https://wid.world); 

 𝑔𝑜𝑣𝐶𝑂2 = governments' CO2 footprint, total population, per-capita emissions (𝑀𝑡 CO2), 𝑊𝐼𝐷 

(https://wid.world); 

 ℎ𝑜𝑢𝑠𝑒𝐶𝑂2 = households' CO2 footprint, total population, per-capita emissions (𝑀𝑡 CO2), 𝑊𝐼𝐷 

(https://wid.world); 

 𝑖𝑛𝑣𝑒𝑠𝑡𝐶𝑂2 = investments' CO2 footprint, total population, per-capita emissions (𝑀𝑡 CO2), 

𝑊𝐼𝐷 (https://wid.world); 

 𝑛𝑔𝑜𝐶𝑂2 = nongovernmental organizations' CO2 footprint, total population, per-capita 

emissions (𝑀𝑡 CO2), 𝑊𝐼𝐷 (https://wid.world); 

 𝑖𝑚𝑝𝐶𝑂2 = net imports of CO2 footprint, total population, per-capita emissions (𝑀𝑡 CO2), 𝑊𝐼𝐷 

(https://wid.world); 

 𝐺𝐷𝑃 = gross domestic product, 𝐺𝐷𝑃 per capita (constant 2015 US$), World Bank national 

accounts data and OECD National Accounts data files; 



 𝑒𝑛𝑒𝑟𝑔𝑦 = primary energy consumption per capita, Gigajoule per capita, BP stats review 2022 

(https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-

economi cs/statistical-review/bp-stats-review-2022-full-report.pdf); 

 𝑡𝑟𝑎𝑑𝑒 = the sum of exports and imports of goods and services measured as a share of GDP, 

World Bank national accounts data and OECD National Accounts data files; 

 𝑓𝑖𝑛𝑎𝑛𝑐𝑒 = proxy for financial development, gross portfolio equity and investment fund shares 

liabilities / GDP, International Financial Statistics, International Monetary Fund; 

 𝐹𝐷𝐼 = foreign direct investment, net inflow (% of GDP), World Development Indicators 

(https://databank.worldbank.org/source/ world-development-indicators); 

 𝑈𝑟𝑏𝑎𝑛 = urbanization rate, urban population (% of the total population), Our world in data 

(https://ourworldindata.org/urbanization); 

 𝑆𝐷𝐺 = sustainability indicator, 𝑆𝐷𝐺 index (Sachs et al., 2022). 

 

𝐷𝐸𝑆𝐼 has been employed in research endeavors exploring digital advancement and its implications 

across various nations. The studies of Oryani et al. (2021) and Gomez-Barroso and Feijoo (2016) 

exemplify such investigations. 

Environmental economics research has frequently employed CO2 footprint data from the 𝑊𝐼𝐷. For 

instance, Sperling and Yeh (2010), Balsalobre-Lorente et al. (2018), and Chancel (2022) used this data 

to examine carbon inequality. 

The unique approach of our study is merging these two variable types to evaluate the influence of 

digitalization on CO2 footprints across various sectors. 

We seek to determine the association between digitalization level and sustainable development while 

controlling for other available factors (technological progress, carbon footprint, output, energy 

demand, trade, financial development, 𝐹𝐷𝐼, and urbanization). We use the following panel regression 

model: 

 

 

 

where 𝑆𝐷𝐺 (sustainability) is the dependent variable; 𝑇𝐹𝑃, carbon footprint, 𝐺𝐷𝑃, primary energy 

consumption, trade share in the 𝐺𝐷𝑃, financial development, and digitalization are regression 

variables; 𝑣𝑖 is countries' effect (cross-sectional effect); and 𝑒𝑖𝑡 is the error term. 

Regarding the exclusion of time and spatial/country effects in the model, we made a conscious decision 

to do so since our primary concern was with cross-sectional variation over time to examine the 

differences between countries over time as opposed to changes within. Our study primarily endeavors 

to explore the influence of digitalization on sustainability in diverse countries, with less emphasis on 

the spatial progression in each country. We argue that this approach will offer a clearer understanding 

of the overall impact of digitalization on sustainability on a global level. We use Stata 17 commercial 

package for panel regression estimation. 

To estimate the impact of regression variables on sustainability, we use the following (Greene, 2017) 

pooled regression model (no time or country effect): 

 



where 𝑧𝑖  is a constant term. 

To account for heterogeneity (country effects), we use the following fixed effect model with the group-

specific constant term (fixed effect within regression): 

 

 

and the following random effect model (generalized least squares, random constant term): 

 

 

 

For the financial development indicator, missing data for Ireland and Luxembourg, we use domestic 

credit to the private sector (% of the GDP) from the same financial database. 

 

4. Results 

Our previous research (in print) demonstrated that carbon footprints differ significantly across sectors 

and countries; therefore, we expect that the impact of digital transformation on carbon footprints will 

vary between sectors and countries. Investigating the differences in 𝐷𝐸𝑆𝐼 impact on sectors' and 

countries' carbon footprint, we seek to isolate the primary determinants accounting for the observed 

heterogeneity. Fig. 1 illustrates the relationship between digital transformation measured by the DESI 

and national carbon footprint emissions. 

The relationship between digital economy level and carbon footprint differs between the entire 

economy (𝑡𝑜𝑡𝑎𝑙𝐶𝑂2), the government sector (𝑔𝑜𝑣𝐶𝑂2), households (ℎ𝑜𝑢𝑠𝑒𝐶𝑂2), investment-related 

carbon footprint (𝑖𝑛𝑣𝑒𝑠𝑡𝐶𝑂2), the nongovernmental sector (𝑔𝑜𝑣𝐶𝑂2), and net CO2 imports (𝑖𝑚𝑝𝐶𝑂2). 

Moreover, the impact of digital transformation is unequal across sectors (government, 𝑁𝐺𝑂s) and 

activities (investments, imports). Digitalization has the most significant positive effect on the 𝑁𝐺𝑂 

sector's carbon footprint (less CO2 emissions). The household sector is progressing in digital technology 

adoption, driving CO2 emissions down (medium impact). In contrast, the government sector does not 

register a significant decrease in CO2 emissions associated with a higher level of digitalization, and 

investment activities exhibit a negative correlation between investments and the resulting carbon 

footprint. The interaction of the business sector investments with digitalization leads to a decrease in 

CO2 emissions. As for investment activities, countries with a higher level of digitalization have less 

imported CO2 emissions (embedded in traded goods). Economies actively promoting digital 

transformation, with solid digital industries, produce goods and services with lower embedded levels 

of CO2. European firms adopting advanced digital technology produce significantly less CO2 emissions. 

Countries with a larger share of progressive digital technology enterprises move significantly more 

quickly toward a sustainable growth path. 



Fig. 1. Relationship between the digital economy and carbon footprint. Source: Authors’ research. 

 

Fig. 1 has an outlier country on the right, which is Luxembourg. It is also notable that countries relying 

on the service sector (such as Croatia) register medium levels of digitalization with a lower level of CO2 

emission. The trajectory of digital adoption significantly affects firms’ and economies’ carbon 

footprints (European Investment Bank, 2022). Countries below the EU average level of digital adoption 

register higher CO2 emissions (i.e., Luxembourg). An interesting case is Romania, which is below the 

EU intermediate level of digital adoption (low 𝐷𝐸𝑆𝐼 index) but has a low registered carbon footprint. 

This results from intensive land-use and forestry changes, bringing down greenhouse gas emissions 

(𝐺𝐻𝐺𝐸) in Romania by — 22.9 million tons (CO2 equivalent). 

Moreover, Romania mirrors the decoupling effect between 𝐺𝐷𝑃 growth and 

consumption/production-based CO2 emissions. Globalization drives an increasing digital carbon 

footprint (Sharma and Dash, 2022); however, industry 4.0 and big cloud data centers’ carbon footprint 

patterns remain unsolved (Patsavellas and Salonitis, 2019). Carbon neutrality should be actively 

promoted by leveraging the Internet of Things and big data; however, measuring digital carbon 

footprints is arduous, requiring new business model development (green management) and energy 

management models (Olvera, 2022). 

Compared with traditional industries, the digital sector has significantly lower production and 

distribution costs (Chowdhury, 2010). Nevertheless, the carbon footprint of the internet has not yet 

been assessed or adequately measured (Agarwal et al., 2020; Baliga et al., 2009). In terms of CO2 

emissions, the daily weighted average of internet video streaming is 51 times more than a 14-hour 

flight (Batmunkh, 2022). Rising competition between streaming services like Netflix, Disney+, and HBO 

Max could effectively push sustainability targets beyond 2050, and the same effect has been found for 

the 𝐼𝐶𝑇 industry. By 2040, the contribution of 𝐼𝐶𝑇 to the global carbon footprint might increase from 



approximately 1 %-1.6 % in 2007 to more than 14 % of the worldwide GHGE in 2016 levels (Belkhir and 

Elmeligi, 2018). 

The summary and descriptive statistics (correlation analysis in Fig. 2) echoes the link revealed in Fig. 1. 

(See Fig. 3.) 

The correlation analysis in Fig. 2 shows that advanced digitalization is associated with significantly 

heterogeneous technological progress (tfp). Countries with high levels of digital adoption (i.e., Sweden, 

The Netherlands, Denmark, and Finland) register higher total productivity growth. Latvia and Romania 

(two outliers) have significant 𝑇𝐹𝑃 growth, with Latvia being slightly above the EU average rate of 

digital adoption at 64 % and Romania at the bottom at 53 % (European Investment Bank, 2022). 

Notably, digital adoption is only sometimes associated with increasing TFP; therefore, digital adoption 

is a necessary but insufficient condition for 𝑇𝐹𝑃 growth. The fitting linear regression line shows a weak 

negative correlation between 𝐷𝐸𝑆𝐼 and 𝑇𝐹𝑃 growth (top left panel graph). 

Fig. 2. Relationship Between Digitalization and 𝑇𝐹𝑃, 𝐺𝐷𝑃, Energy, and Trade. Source: Authors’ research. 

 

Digital adoption shows a positive correlation with 𝐺𝐷𝑃 growth. Countries with a higher level of digital 

adoption achieve faster output growth; however, Ireland and Luxembourg are exceptions to the rule. 

Both countries register digital adoption rates below the EU average, while still having the highest 𝐺𝐷𝑃 

per capita. Once again, the digital adoption rate is a prerequisite for economic growth, but other 

conditions are also needed (top right panel graph). 

The relationship between digital technology adoption and primary energy consumption per capita 

follows Jevon’s paradox rule (Sorrell, 2009a, b; Polimeni and Iorgulescu, 2018; Alcott et al., 2012; York 

and McGee, 2015; Sorrell, 2009a, b). Fitted linear regression reveals a strong positive correlation 



between the level of digitalization and primary energy consumption. A rise in digital adoption is 

followed by an increase in primary energy consumption (bottom left panel). 

The link between digital technology adoption and trade is also positive, but the correlation is less 

pronounced. The digital economy increases the share of trade in the 𝐺𝐷𝑃, but the effect is transitory 

and impermanent, and a threshold effect is evident in Fig. 2 (bottom right panel). 

We find a positive association between a country’s level of digitalization and financial development. 

More developed financial markets and systems contribute to faster and more straightforward 

digitalization of an economy (top left panel). The Netherlands is a perfect example of being among the 

top EU members in digital adoption, along with Cyprus, the Czech Republic, Slovakia, Slovenia, and 

Spain. 

𝐹𝐷𝐼 is essential for digital adoption (top right panel) but requires a well-designed 𝐹𝐷𝐼 policy 

framework, which is currently absent in the EU. Development agencies must identify, target, and 

attract desirable investors in the digital economy while establishing or upgrading digital tools and 

infrastructure. Agencies and policymakers should develop an 𝐹𝐷𝐼 strategy that enables and 

encourages investment. A digital 𝐹𝐷𝐼 policy could facilitate 𝑆𝑀𝐸s’ integration into global and regional 

value chains (Satyanand, 2021). 

The urbanization process is essential to advancing economic digitalization (bottom left panel). A strong 

positive correlation is revealed between the urbanization process and digital adoption, wherein 

countries with a higher rate of urbanization foster significant digitalization processes. 

The bottom right panel illustrates the relationship between digitalization and European sustainable 

development. Countries with significant digital adoption rates tend to achieve sustainable 

development and meet required 𝑆𝐷𝐺s. Furthermore, the digital economy drives sustainable 

development through resource-efficient products, technological inclusion, and new green 

technologies, accelerating global progress toward the 2030 𝑆𝐷𝐺𝑠 (Satyanand, 2021). 

Table 3 presents a statistical summary of our data sample. 

Source: Authors’ research. 

We do not use logarithm transformation on the data since many variables are expressed as index 

points or shared on a scale from 0 to 1 or 0 to 100. In addition, we do not present the results for the 

impact of 𝐹𝐷𝐼 and urbanization rate on sustainable development as the effect is not statistically 

significant. 

Table 4 presents the results of the pooled regression estimation. 

The pooled regression results exhibit the expected variable signs and the impact on the countries’ 

sustainable development (𝑆𝐷𝐺). The model fits the data well with adjusted 𝑅2 = 0.69, explaining 

about 70 % of the countries’ sustainable development dynamics variation. The variables in our model 

are all statistically significant at standard estimation levels (marked by asterisks in the table). The 𝑡𝑓𝑝 

variable measures the impact of change in a country’s 𝑇𝐹𝑃 on the 𝑆𝐷𝐺 index. 𝑇𝐹𝑃 has a positive effect 

on a country’s sustainability. A 1 % increase in 𝑡𝑓𝑝 raises the value of 𝑆𝐷𝐺 by 0.085 index points. A rise 

in 𝑇𝐹𝑃 moves the economy closer to the sustainable economic growth path. 



Fig. 3. Correlation analysis between digitalization and financial development, Source: Authors’ research. 

 

Table 3 Descriptive statistics. 

 

 

 

 

 

 

 

 

 

 

 

 Source: Authors’ research. 

 

A rise in the total national carbon footprint (𝑀𝑡 CO2), as surmised, moves a country away from the 

sustainable economic growth path. A unit rise in total CO2 (𝑀𝑡 CO2), the 𝑆𝐷𝐺 index falls by — 0.317 

index points. The impact grows in strength significantly with the rise of total CO2. A 10 (𝑀𝑡 CO2) 



increase in carbon footprint per capita causes 𝑆𝐷𝐺 to fall by 3.17 index points on the 𝑆𝐷𝐺 scale. These 

results are expected and demonstrate that total national CO2 emissions must decline drastically to 

meet the 𝑆𝐷𝐺s and targets. The data in our sample shows we are far from such a scenario. A significant 

obstacle is the world economy becoming globally digitalized, and the digital carbon footprint is rising, 

harming sustainable development. 

Increasing output measured in the GDP causes a rise in the national carbon footprint, as shown in 

Table 2. A 10,000US$ increase in the 𝐺𝐷𝑃 per capita causes 𝑆𝐷𝐺 to increase by 0.67 index points. 

Because of increasing energy efficiency and falling energy intensity, the International energy agency 

(IEA)'s (2021) World Energy Balances report shows that energy intensity has declined since 1990. 

Primary energy consumption has a positive link with the 𝑆𝐷𝐺 variable. A one unit increase in primary 

energy consumption (Gigajoules per capita) results in an 𝑆𝐷𝐺 rise of 0.025 index points. Countries with 

significant primary energy use (rich in resources) (i.e., Finland, Sweden, The Netherlands, and Estonia) 

register higher levels of sustainability. 

 

Table 4 Pooled 𝑂𝐿𝑆 regression results. 

*** 𝑝 < .01, ** 𝑝 < .05, * 𝑝 < .1. Source: Authors’ research. 

 

A positive correlation exists between the 𝑆𝐷𝐺 index and primary energy consumption. Transitioning 

to sustainability demands resources, and energy is the most essential factor in the production function. 

Moreover, to accelerate the sustainability transition, we must also fast-track the energy transition. 

Trade harms a country’s sustainable development path, with a negative link between the 𝑆𝐷𝐺 index 

and trade share in the GDP. A unit change in trade share in 𝐺𝐷𝑃 (1 % change) causes a decline in the 

sustainability index of — 0.017 index points. Countries with a significant share of trade in the 𝐺𝐷𝑃 

register high net CO2 imports (Luxembourg, Malta, and Belgium). A 10 % increase in trade would cause 

a decline in 𝑆𝐷𝐺 of — 0.17 index points. Countries that are net emissions importers (importing more 

CO2 in goods than exported) face more constraints to fast and successful energy transition under 

globalization and trends. 

Financial development harms a country’s sustainable development policies and efforts. Such results 

are exciting but expected. Our results show that a unit change in financial development (gross portfolio 

equity and investment fund shares liabilities / 𝐺𝐷𝑃) results in 𝑆𝐷𝐺 deterioration by —0.022 index 

points. Nevertheless, the financial industry and the largest banks still invest aggressively in industries 

that are reliant on carbon fuels. One study found that financial markets were crucial for the low-carbon 

energy transition in Germany from 2000 to 2017. Data for 26 countries from 1996 to 2018 revealed 

close links between environmental policy and financial sector development, higher green technology 



adoption costs, debt margin for renewable and nonrenewable energy firms, and high-rise default risk 

(Egli et al., 2019; Kempa et al., 2021). 

Our results demonstrate the positive impact of digitalization on sustainability, supporting 𝐻1 and 

revealing a positive Granger causality link between digitalization and sustainability. Digitalization 

improves sustainability by decreasing carbon footprint, reducing operational failures, and improving 

data-centric operating processes. Companies focus on external thinking, simplifying procedures, 

minimizing wasteful work, and creating value and sustainable development to drive agility and 

resilience. An increase in dt by one index point raises 𝑆𝐷𝐺 by 0.18 index points. The impact is positive 

and significant, reflecting the importance of digitalization for achieving sustainability. Digitalization is 

an important driver of sustainability and the net-zero sustainability strategy. 

Since carbon emissions, digitalization, and sustainability conditions differ significantly across countries, 

better approaches may be available for best-fit modeling than pooled 𝑂𝐿𝑆 regression; therefore, 

before moving to the fixed effect regression model, we test for fixed effects in the data using 𝐹- and 

Wald tests. The Wald test after fitting the least squares dummy variable model and the F-test after 

running the fixed effect model reject the null hypothesis of no fixed effects in the data (𝐹 (26, 101) = 

108.33, Prob >  𝐹 = 0.0000). Therefore, the fixed group effect model (one-way) and fixed time effect 

model (one-way) are preferred to the pooled 𝑂𝐿𝑆 because of the correct estimation (country/ group 

effect inclusion). 

Table 5 presents the results of the fixed group effect model (one-way) and fixed time effect model 

(one-way) modeling. 

Fixed effect regression results support the results obtained from the pooled 𝑂𝐿𝑆 (expected signs and 

relationships). The one-way fixed effect regression (country fixed effect) results are presented in Table 

4 under country effects. 

The impact of 𝑇𝐹𝑃 on sustainability is positive, with a coefficient of 0.033, but the parameter is not 

statistically significant at an acceptable significance level. The same holds for total CO2 emissions’ 

impact on sustainability, with a parameter of 0.033, not satisfying the standard statistical acceptance 

level. As shown in Table 3, the results for other parameters in the model (GDP, primary energy 

consumption, trade, and financial development) are also not statistically significant. The two 

parameters at acceptable statistical significance levels are the constant term (impact of other variables 

outside the model) and digitalization. Although the country fixed effect 𝐹-test (21.55) is statistically 

significant, a one-way fixed country effect regression does not fit the data well. This is expected since 

fixed effect regression assumes time-invariant characteristics across countries in the panel. The same 

calculation for the time effect, in the absence of the country effect, gives us an 𝐹(7, 123) statistic of 

45.22. Comparing the time-to-country impact on the fixed regression model indicates that the time 

effect is considerably more significant than the country effect, producing a better fit for our data. One-

way fixed (time) effect regression results are presented in Table 3 under time effects results. 

The fixed time effect model produces statistically significant parameters and a higher adjusted 𝑅2, 

which is better fit for explaining our data sample. The impact of TFP on sustainability is statistically 

significant with a parameter of 0.104. With an index point 𝑇𝐹𝑃 increase, sustainability improves with 

a 𝑆𝐷𝐺 index increase by 0.104 index points. Thus, a 𝑇𝐹𝑃 rise is favorable for achieving 𝑆𝐷𝐺s. 

Conversely, as expected, an increase in total CO2 emissions harms sustainability. A unit increase in (𝑀𝑇 

CO2) emissions significantly lowers the 𝑆𝐷𝐺 index by —0.309 (statistically significant parameter). 

Output increase (𝐺𝐷𝑃) raises sustainability if accompanied by increased energy efficiency. Countries 

with solid digital penetration and 𝐺𝐷𝑃 move toward sustainable economic growth more rapidly and 



can reach most 𝑆𝐷𝐺 targets. Fixed regression results demonstrate a causal link between sustainability 

and national output measured by 𝐺𝐷𝑃. Growth in the last decade has become “greener” than before. 

A 10,000US$ increase in the 𝐺𝐷𝑃 per capita causes 𝑆𝐷𝐺 to increase by 0.64 index points. 

 

Table 5 Fixed effects regression results with fixed country and time period effect. 

*** 𝑝 < .01, ** 𝑝 < .05, * 𝑝 < .1. Source: Authors’ research. 

 

Fiscal austerity following the financial crises of 2008 and 2012 caused growth to slow down in the last 

years, 2016-2020. With increased awareness of the necessity for energy transition and meeting the 

sustainability targets, a greener 𝐺𝐷𝑃 had a positive effect on sustainability, as our findings 

demonstrate. The estimated fixed regression parameter for energy efficiency (0.023) supports this 

thesis. A unit increase in energy efficiency results in a statistically significant 0.023 index point rise in 

𝑆𝐷𝐺. The combined effects of greener 𝐺𝐷𝑃 and energy transition (increased energy efficiency) 

positively impact 𝑆𝐷𝐺. 

Trade harms sustainability, with statistically significant trade parameters (—0.017). Our results show 

that the impact of trade is a notable constraint to meeting SDGs. Exactly how trade impacts 

sustainability is open to debate since previous studies have provided inconclusive results (Xu et al., 

2020). The fact that the financial sector (specifically, banking) still strongly supports fossil fuel 

industries is reflected in the negative impact of the finance parameter on 𝑆𝐷𝐺 (—0.023). A 1 % increase 

in gross portfolio equity and investment fund shares liabilities / 𝐺𝐷𝑃 decreases 𝑆𝐷𝐺 by —0.023 index 

points. 

Digitalization positively affects 𝑆𝐷𝐺s, with a statistically significant parameter of 0.215. 𝑆𝐷𝐺 rises by 

0.215 index points for an index point increase in DESI; therefore, the impact of digitalization on 

sustainability is a significant, and sizable increase in 𝐷𝐸𝑆𝐼 can result in considerable improvement in 

sustainability conditions. For example, in Sweden, the 𝐷𝐸𝑆𝐼 index in the last five years of our study 

period increased by 13 index points. At the same time, according to our one-way fixed regression 

model, sustainability in Sweden measured by 𝑆𝐷𝐺 has improved by 2.8 index points during the same 

period, indicating a noteworthy effect of digitalization on sustainability in Sweden. 

To test for the possibility of using the random effect model as the most appropriate to fit our data, we 

apply the Breusch-Pagan Lagrange multiplier (𝐿𝑀) test (Breusch and Pagan, 1980). Test results for 

random effects fail to reject the null hypothesis of no panel effect. Therefore, we can conclude that 

the random effect model is inappropriate for estimating our data sample since the 𝐿𝑀 test Prob > 

chibar2 = 1.0000, confirming that the one-way fixed (time) regression model best fits our research 

data. 

This finding also supports the robustness of our results since we use pooled 𝑂𝐿𝑆 and fixed effects to 

examine the data. We also use random effect regression to test fixed effect model robustness (Table 

6), obtaining results that are similar to those of our fixed regression. 

 



Table 6 Random effects regression results with random country and time period effect. 

*** 𝑝 < .01, ** 𝑝 < .05, * 𝑝 < .1. Source: Authors’ research. 

 

5. Discussion 

Here, we next present the primary determinants of sustainable development from 2016 to 2020. Our 

sample is limited by the data availability and timing of the 𝐷𝐸𝑆𝐼 index that we use as a proxy to 

measure the level of digitalization in society and its effect on sustainability. Reaching sustainability 

targets by 2030, as set by the United Nations in 2015, does not appear to be possible, and we revealed 

a significant undershooting in the scenarios, indicating critical miscalculation or unrealistic overreach 

in the 172,030 𝑆𝐷𝐺s. Our study affirms the role of digitalization as one of the primary drivers of 

sustainable development. The empirical results support the thesis of digitalization as a vital driver of 

sustainability. 

We examine the main global determinants of sustainability, focusing on 𝑇𝐹𝑃, national carbon 

footprint, 𝐺𝐷𝑃, primary energy consumption, trade, financial development, and digitalization. 

Statistical testing indicates that a one-way fixed regression model with a time effect best fits our 

sample data. With an adjusted 𝑅2 of 0.72, we show that the model fits the data well and explains the 

dynamics and patterns in our data sample. 

The results show that 𝑇𝐹𝑃 has a positive and statistically significant impact on sustainability 

development measured by 𝑆𝐷𝐺. First, 𝑇𝐹𝑃 is an essential factor in green, inclusive growth and 

sustainable development. Green 𝑇𝐹𝑃 is critical for sustainable development (Zhang et al., 2021a, b). 

Second, 𝑇𝐹𝑃 is linked to sustainable development through energy efficiency (Santos et al., 2021; 

Haider and Bhat, 2020; Sohag et al., 2021; Song et al., 2022). This finding particularly holds for 

sustainability in agricultural production (Gaitán-Cremaschi et al., 2016; Alhassan, 2021). Third, 

sustainable growth and development are linked to 𝑇𝐹𝑃 through human capital and ecological 

footprints (Yue et al., 2019; Al-Ayouty and Hassaballa, 2020; Jebali and Essid, 2020; Bai et al., 2019). 

Our results support the hypothesis that green 𝑇𝐹𝑃 is critical for achieving the 𝑆𝐷𝐺s. 

Transforming ecological footprints is an essential driver of sustainability; however, our analysis shows 

that ecological footprint convergence differs across sectors and countries, indicating a crucial 

constraint to sustainability targeting that policymakers must address. Our results demonstrate that the 

ecological footprint across sectors and countries is diverging, or at least slowly converging at a pace 

that is not even close to that required to reach the 2030 𝑆𝐷𝐺s. The same divergence across sectors 

limits energy transitions, necessitating green technology adoption, decreased carbon energy intensity, 

and carbon trade import (Bai et al., 2019). Our results confirm that increased national carbon footprint 

harms sustainability. The same conclusion holds in studies indicating that sustainability integration at 

micro and macro levels is crucial for advancing sustainable development (Hisne et al., 2022; 

Hermawan et al., 2017; Abdallah et al., 2021; Sherafati et al., 2020; Gupta et al., 2019). The green 

agenda must be integrated across all sectors at micro and macro levels to achieve convergence in 

carbon footprint reduction and ensure feasible and consistent energy transition (Chun et al., 2019; 

Zhou et al., 2020; Wang et al., 2020; Adedoyin et al., 2020). 



Economic growth is necessary for all nations and sectors; however, more is needed to advance green 

growth and achieve sustainable development. Adopting green technology and investment is 

impossible without raising income and wages, which requires an increase in 𝐺𝐷𝑃, not an unconditional 

one (Coscieme et al., 2020). Our study results support the hypothesis of the necessity of increased 

growth to support energy and green growth transitions. It is not possible to attain sustainability and 

green growth without primarily expanding an economy's capacity for change by rising economic 

growth rates. National output in the form of the GDP is an essential driver of sustainability, but its role 

in sustainable development must be reassessed (Adrangi and Kerr, 2022; Fioramonti et al., 2019; Pais 

et al., 2019; Giannetti et al., 2015; Barroso et al., 2016). Although positive 𝐺𝐷𝑃 growth is an essential 

aspect of green growth transitions, policymakers must endeavor to achieve such growth by reassessing 

and moving growth policies toward advancing sustainable practices. Sudden degrowth in the form of 

a policy shock therapy, which is sometimes used to fight inflation, is not an option for the green 

transition that the 2030 𝑆𝐷𝐺s seek to achieve. 

As firmly stated by Keen et al. (2019), energy is a primary factor of production. Following the logic of 

the role of the GDP in the green transition, the same applies to that of energy. Primary energy 

consumption that is primarily based on fossil fuels inhibits the sustainability transition. The share of 

fossil fuels in primary energy consumption remains at 82 %, which decreased compared with 85 % in 

2019 (Petroleum, 2022). Just as with green transition, energy transition requires a strategically 

planned and efficient policy framework as it is impossible to achieve decarbonization through 

degrowth or halting primary energy consumption. Achieving decarbonization will require massive 

investment in green infrastructure, green technology adoption, and establishing a sustainable 

standard of living. This transition necessitates stable and relatively high individual purchasing power 

since green technologies and energy are more costly to average consumers and entrepreneurs. Our 

study results corroborate this hypothesis, confirming that primary energy consumption affects 𝑆𝐷𝐺s. 

In 2021, primary energy consumption increased by 6 %. In relation to our empirical results, this means 

that sustainability increased by 0.14 index points in 2021 and primary energy also increased by 0.14 

index points. Primary energy is essential for production to achieve energy transition (Keen, 2020; Islam 

and Hasanuzzaman, 2020; Golas et al., 2019; Cantarero, 2020; Zoundi, 2017; Ding et al., 2021). 

Our study results confirm that trade negatively affects sustainable development and its impact differs 

across countries and sectors. The effect of trade on sustainability is noteworthy and must be addressed 

when designing 𝑆𝐷𝐺 policies. Xu et al. (2020) revealed that while trade increases scores for 

environmental 𝑆𝐷𝐺s in affluent nations, it diminishes them in underdeveloped countries, with distant 

commerce contributing more to scores than trade between neighboring nations. The causality 

between trade and sustainable development still demands investigation (Gopalakrishnan and Nawani, 

2020; Pradhan et al., 2017; Dogan and Seker, 2016; Alola et al., 2019; Nathaniel and Khan, 2020). We 

reveal a negative link between trade and sustainability; however, further research is required since 

previous studies have shown differences in causality across developing and developed economies. An 

economy's structure and technological advancement and its geopolitical position as a trade partner 

affect the influence of trade on sustainability (Xu et al., 2020). As Xu et al. (2020) showed, the impact 

of trade differs across 𝑆𝐷𝐺s and must be revisited to determine the role of trade in 𝑆𝐷𝐺s. 

Green financing is imperative for future sustainable development. The cost of money, debt, equity, 

and assets for green investors is commonly 30 % greater than for non-green investors. This is 

represented in the increased amount of return on equity and assets and the expected internal rate of 

return on green investments that is necessary for such endeavors. Banks and other financial 

institutions are hesitant to take this chance because of high risk and uncertainty. Instead, they finance 

investments in fossil fuel-reliant businesses with guaranteed profit, reduced risk, and government 



support through subsidies. Financial education in the green energy businesses, green labels, and 

environmental levies are required, but more is needed to financially support the green energy industry. 

The contemporary global financial system predominantly supports fossil fuel industries and is reluctant 

to enter green financing markets as reflected in our study results, which reveal a negative relationship 

between financial and sustainable development. Financial markets, regulations, and financial 

instruments must be transformed to adequately support green financing (Zhang et al., 2021; Nasir et 

al., 2021; Wang and Wang, 2021; Tang et al., 2022; Xu and Tan, 2020). 

Finally, our study reveals digitalization's positive, significant role in sustainable development. Digital 

technology adoption improves firms' agility and flexibility, advancing an economy's capacity to address 

and overcome uncertain business cycles and shocks (Renn et al., 2021). The case of the COVID-19 

pandemic proves this (Bai et al., 2021; Chiaramonti and Maniatis, 2020; Nieuwenhuijsen, 2021; 

Rahimi et al., 2021; Soldatos et al., 2021). 

Digital platforms can facilitate communication and coordination to reduce carbon footprints in 

mobility, material use, and land use (Renn et al., 2021). One of the defining features of the new digital 

innovation era is replacing energy and materials with information. This Industry 4.0 (Fritzsche et al., 

2018) transition can help optimize production processes to limit material and energy consumption in 

digitalized production. For example, the systemic optimization of the kinematic properties of large 

robot fleets (Riazi et al., 2017) and flexible adaptation of industrial loads to renewable energy (Ma et 

al., 2020) are innovative strategies that can increase energy efficiency through the application of digital 

technologies. Additive manufacturing is the most common strategy for reducing material 

consumption, which can also be used to produce lighter products and may elicit additional material 

savings during the use phase (Rinaldi et al., 2021). 

Our research also emphasizes the potential bias in investigating the relationship between digitalization 

and sustainability if accurate indicators are not employed. By using the official 𝐷𝐸𝑆𝐼 database and a 

comprehensive global study on 𝑆𝐷𝐺s, we ensure the robustness of our findings. 

 

6. Conclusion 

Our study contributes significantly to understanding the importance of digital technology adoption and 

digitalization and its effects on sustainability and advancing the 2030 𝑆𝐷𝐺s. As digitalization and 

sustainability indicators are complex phenomena that present challenges for accurate monitoring and 

explanation, our research adds valuable empirical knowledge to the existing literature that has 

previously found the link between digitalization and SDGs inconclusive. 

Our study provides empirical support indicating the absence of a macro level digital rebound effect in 

Europe, revealing the positive impact of digitalization on sustainable development in the EU. These 

findings have significant implications for policymakers responsible for formulating European 

sustainability development policy frameworks. 

A practical implication of our study highlights the need to examine the links between digitalization and 

sustainability at inter- and intrasectoral levels as the effects differ across sectors. Our study also 

emphasizes the potential bias that can arise when examining the relationship between digitalization 

and the 2030 𝑆𝐷𝐺s if accurate indicators are not used. To mitigate this, we employ the official 𝐷𝐸𝑆𝐼 

database and a comprehensive global study on 𝑆𝐷𝐺s, adding robustness to our results. 

Nevertheless, our study does have limitations, including sample constraints (observations were limited 

to European countries) and time limitations due to the constricted data availability from 𝐷𝐸𝑆𝐼. 



Moreover, we cannot account for dynamic effects in the panel or apply more advanced panel 

regression techniques. Despite these limitations, robustness testing of our results confirms that our 

findings are not biased or compromised. 

Future research should include larger samples, expanded regional considerations, and inter- and intra-

sectoral data, which will enable a more comprehensive understanding of digitalization and 

sustainability employing data mining and estimation modeling techniques. The impact of digitalization 

on sustainability requires additional investigation at micro, meso, macro, and global levels. In this 

context, our study contributes to the macro analysis of digitalization and sustainability significantly. 

We provide empirical support confirming no macro level digital rebound effect in Europe, validating 

the positive impact of digitalization on sustainable development in Europe. The results are insightful 

for policymakers in charge of establishing European sustainability development policy frameworks. A 

practical implication of our study is the need to examine the link between digitalization and 

sustainability on inter- and intra-sectoral levels since the effects differ across sectors. We also highlight 

potential bias of examining the relationship between digitalization and SDGs if accurate indicators are 

not used, employing the official 𝐷𝐸𝑆𝐼 database and a comprehensive study of 𝑆𝐷𝐺s, providing robust 

results. 

Our study results are limited by sample constraints (including only EU countries) and time limitations 

(due to 𝐷𝐸𝑆𝐼's limited data availability). Moreover, we cannot account for dynamic effects in the 

panel, long-term research, or persistence, stationarity, and cointegration, or apply more advanced 

panel regression techniques. However, robustness testing of our results shows that the results of our 

study are not biased or compromised due to objective sample or modeling technique limitations in our 

study. 

Our study contributes to the macro analysis of digitalization and sustainability. Future research should 

focus on larger samples (more countries), examining regional aspects, and considering inter- and 

intrasectoral data, which will allow more comprehensive digitalization and sustainability research 

linking data mining and estimation modeling techniques. Investigations regarding the impact of 

digitalization on sustainability should focus on micro, meso, macro, and global considerations. 
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