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Abstract The research is built on the World Bank, OECD, and the Heritage 
Foundation datasets for OECD economies. It investigates the main drivers of 
decarbonisation and climate change in these countries, analysing three СО2 
indicators: total and per capita СО2 emissions as well as carbon efficiency. The 
results have confirmed that the growth of nations’ welfare increases economies’ 
carbonisation levels while creating prerequisites for improving states’ carbon 
efficiency. It proves the positive influence of energy efficiency progress on 
OECD countries’ decarbonisation. In contrast, green energy development has 
no significant effect on the reduction of total CO2 emissions but positively 
influences increasing carbon efficiency and reducing per capita carbon dioxide 
emissions. Oil prices and most institutional factors like EU membership and 
Heritage Foundation indicators have no noticeable influence on CO2 indicators. 
The paper provides policy recommendations and points to future research based 
on the research results. 
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1 Introduction 

Every year brings more and more questions that arise related to the global climate 
problems. The attention of many researchers is devoted to developing effective 
adaptation and mitigation measures to reduce the scale and minimise the negative 
feedback of climate change (CC). Global CC is revealed not only through increased air 
temperature but also related to more incidents of natural disasters (earthquakes, 
hurricanes, droughts, tsunami, etc.). Many factors cause this problem, but the 
anthropogenic effect has the most significant impact due to the increased carbon dioxide 
and other greenhouse gas (GHG) emissions. Following the data from the International 
Energy Agency (IEA) experts, 65% of total global GHG emissions by the gas type are 
carbon dioxide (CO2). In terms of CO2 emissions by sector, about 20% is accounted for 
by road transport. Concerning the BP Statistical Review of World Energy (2019), the 
OECD countries are still the largest energy-consuming economies with 40.9% of global 
energy consumption. Respectively, the OECD economies have the largest share in GHG 
emissions and urgent need for decarbonisation since most consumed energy is produced 
from conventional non-renewable resources. 

This paper discusses the factors that cause CO2 emissions in developed economies 
within the context of their decarbonisation and climate change concerns. We focus on the  
economies of the OECD from 2001 to 2014 since they are the biggest contributors to 
global GHG emissions. 
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The main hypotheses of research are as follows: 

• CO2 emissions in OECD economies are directly related to the economic 
achievements, and it is expected that improved economic indicators are linked  
with higher per capita levels of GHG emissions. 

• Energy efficiency measured as the gross domestic product (GDP) per kilogram of oil 
equivalent should positively influence the GDP per unit of CO2 as well as reduce the 
total CO2 emissions and its per capita emissions. 

• Investments in gross fixed capital should increase the levels of GHG emissions. 

• Value added, manufacture (% of GDP) has unknown influence since it is needed to 
know which manufacturing equipment is created. Suppose the equipment is for the 
renewable energy sector. In that case, the value-added manufacture should increase 
the GDP per unit of CO2 and reduce the overall carbon dioxide emissions and its 
emissions per capita. Otherwise, value-added services (annual % growth) should 
have the same impact on CO2 indicators. 

• Patents applications by country (residential) have an unknown influence since it is 
needed to know which direction they are applied to. In general, we expect that 
patents applications should increase carbon efficiency as well as reduce the total 
carbon dioxide emissions and its per capita emissions. 

• High technology export (percentage of GDP) means a more developed economic 
structure and should impact CO2 indicators. Thus, the export of high-technological 
products is expected to reduce per capita GHG emissions. 

• Average crude oil prices (USD, in constant prices) should directly correlate with 
carbon indicators, and higher average crude oil prices should reduce total and per 
capita emissions and improve the relative economic efficiency of CO2. 

• It is expected that electricity generation from renewables reduces the GHG emissions 
in OECD countries. 

• Institutional changes such as EU membership may reduce per capita levels of CO2 
emissions. 

• Institutional changes such as property rights values and other Heritage foundation 
indicators should improve the GDP per unit of CO2 and reduce overall and per capita 
carbon dioxide emissions. 

The paper has such structure. Section 2 presents a review of the revealed drivers for CO2 
emissions and decarbonisation as well as relationships between GHG and economic 
growth. Section 3 covers methodical approaches used in the study as well as the 
description of the model and initial data for obtaining empirical results. Section 4 
provides the empirical results. The conclusions section contains conclusions and policy 
recommendations based on the conducted study. 
 
 
 
 



   

 

   

   
 

   

   

 

   

    Decarbonisation drivers and climate change concerns of developed economies 115    
 

    
 
 

   

   
 

   

   

 

   

       
 

2 Literature review 

According to Saboori et al. (2014), using the OECD data from 1960 to 2008, positive 
long-term interaction between GHG and GDP growth was revealed. Similar positive 
long-run relationships were found between energy usage and economic development. 
Shahbaz et al. (2018) proved the positive influence of economic development on energy 
consumption for the group of the largest energy-consuming economies. Mokiy et al. 
(2020, 2021) and Ilyash et al. (2021) emphasise emergencies where new external factors 
affect the development of the energy-saving construction sector and regional economic 
development and form dependencies between industrial development and energy 
consumption efficiency. Camara (2020) has proved that during 1990–2012, some OECD 
countries do not have a very strong decoupling between GDP per capita and CO2 
emissions in terms of consumption-based emissions. According to Karaca et al. (2019),  
in half of the respondents in Nursultan (Kazakhstan), motor vehicles are considered the 
main cause of environmental pollution. According to the Global Carbon Project (2018), 
carbon dioxide emissions have reached top record levels recently. China has the highest 
value in terms of CO2 emissions and growth rates (an increase of 4.8% compared with the 
previous year). Such emissions in the Chinese economy are caused by a governmental 
policy aimed at stimulating economic expansion (mainly construction, heavy industry, 
coal, and steel industries). The second-largest CO2 emissions are attributed to the USA, 
which started to reduce territorial CO2 emissions starting 2015 (Global Carbon Project, 
2018). Transport is the main source of CO2 emissions in the EU, and the volume of fossil 
fuels used by airplanes and road transport increased by 4% in 2017. In this regard, the EU 
has introduced mandatory standards for CO2 efficiency by trucks and buses, and during 
the next 10 years (2020–2030) the carbon dioxide emissions from cargo vehicles should 
be reduced by 15% and by 20% till 2030 (Global Carbon Project, 2018). 

The rapid increase in global CO2 emissions (by almost 2.7% in 2018, which is 1.6% 
higher than in the previous year) is associated with the fast-growing global car market. 
The global car production was more than 70 million cars in 2016 compared to around 40 
million vehicles in 1999 (OICA, 2018), 

González et al. (2019) state that road transport is responsible for 92% of CO2 
emissions from all vehicles. For the dataset of 13 EU economies throughout 1990 and 
2015, they proved that carbon emissions depended on technological progress and 
improvements in fuel usage. Furthermore, the increased economic activity positively 
influenced increasing carbon emissions from cars. According to Saboori et al. (2014), and 
Shkarupa et al. (2017), most CO2 emissions in the transportation sector come from 
energy consumption, which promotes the necessity of shifting to biofuel and other 
renewable energy sources. The usage of bioethanol may reduce CO2 emissions and 
promote a green economy in general (Klymchuk et al., 2020; Burlakova et al., 2017). 

Many scientists have investigated the relationship between consumption of energy 
resources and economic growth (see, e.g., Arouri et al., 2012, Abaas et al., 2018; Belke  
et al., 2011; Bella et al., 2014; Chontanawat et al., 2008; Coers and Sanders, 2013; 
Dedeoglu and Kaya, 2013; Heidari et al., 2015; Hens et al., 2018; Sineviciene et al., 
2018; Sineviciene et al., 2017; Sotnyk and Kulyk, 2014; Sotnyk et al., 2015). Polishchuk 
et al. (2019) revealed that innovative SMEs use Smart-contracts for decarbonisation more 
often than others companies. Benetyte et al. (2021) and Melnyk (2021) proved that  
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innovations contribute both to the company’s economic potential and the sustainability  
of the whole economy. Educational achievements are considered to be a factor that 
promotes climate change mitigation, while the accessive shadow economy sector 
promotes negative environmental externalities (Pereira et al., 2020; Lyulyov et al., 2021). 
According to Shafiei and Salim (2014), who have used research programs in structural 
human ecology STIRPAT to figure out the dynamic links between human and the 
ecological systems in 1980–2011 for OECD countries, there is a direct influence of 
conventional energy consumption growth on the increase in CO2 emissions. Besides, it 
was found that renewable energy consumption by OECD countries is promoted by the 
energy efficiency of GDP (Melnyk et al., 2020). According to Kahouli (2019), who has 
studied the interaction between the level of economic growth and energy usage for 34 
OECD economies during 1990–2015, there is a bidirectional relationship between these 
variables. Moreover, they made a hypothesis that energy consumption decrease may slow 
down economic growth. Destek (2016) has estimated a causality relation between natural 
gas usage and GDP growth using the data from 26 OECD economies for 1991–2013.  
The study’s findings were that natural gas usage and annual growth rates of GDP are 
cointegrated, having endogeneity in structural breaks. Furthermore, the vector ECM 
proved a hypothesis that natural gas usage determined an increase in GDP in the short-
term period. 

Using the OECD and non-OECD data for the period 2010-2014 and based on the 
meta-frontier dynamic DEA model, Li et al. (2019) found that economic and 
environmental efficiency in OECD economies is higher compared to the non-OECD 
states. Using panel data from 15 OECD member states in 1980–2012, Ozcana and Ari 
(2015) found no significant relations between atomic energy production/usage and 
economic achievements. For the selected OECD states, nuclear energy consumption 
refers to a relatively low fraction of the overall energy mix. For that reason, it does not 
have any relationship to economic prosperity. 

Reducing CO2 and economies’ decarbonisation became urgent issues for OECD 
countries, which have the largest pollution statistics. In this regard, empirical estimation 
of key drivers that influence CO2 emissions is a priority of economic development. There 
are many research papers devoted to the decarbonisation of developed economies. 
However, their results are quite contradictory, and this research intends to add to the 
literature in the field. 

3 Research methodology 

The research deals with determinants of CO2 emissions in enhancing decarbonisation  
and reducing environmental concerns for the panel for 36 countries of OECD during 
2001–2014. 

Using the World Bank, International Energy Agency, the Heritage Foundation, and 
OECD data (OECD, 2019; IEA, 2018, The Heritage Foundation, 2019) on economic, 
energy, and institutional performance, we estimate the following regression model: 

CO2t = F (yt, eet, gfcft, mvat, svat, pat, htet, reot, optt, prt, tbt, bft, mf, tft, ift, eut, tt, ε), 
 (1) 
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where: 

The dependent variable is CO2t (carbon dioxide indicator), which is measured as: 

1 CO2 emissions per capita (metric tons) 

2 total CO2 emissions (metric tons per 2010 USD of GDP) 

3 GDP per unit of CO2 emissions (USD GDP per CO2 emissions metric tons) or 
carbon efficiency. 

Explanatory variables are: 

yt – is GDP per capita (in constant prices) 

eet – is energy efficiency (measured as GDP per kilogram of oil equivalent) 

gfcft – is gross fixed capital formation (in fixed prices) 

mvat – is value-added, manufacture (% of GDP) 

svat – is value-added, services (annual % growth) 

pat – is the number of patents applications by country (residential) 

htet – is high technology export (percentage of GDP) 

reot – is renewable electricity output (% of total electricity output) 

optt – is average crude oil prices (USD, in constant prices) 

prt – is property rights values (as measured by Heritage foundation) 

tbt – is the tax burden values (as measured by Heritage foundation) 

bft – is the business freedom values (as measured by Heritage foundation) 

mft – is the monetary freedom values (as measured by Heritage foundation) 

tft – is the trade freedom values (as measured by Heritage foundation) 

ift – is the investment freedom values (as measured by Heritage foundation) 

eut – is the EU institutional dummy (1 for countries subjected to EU, 0 – otherwise) 

tt – is the annual dummy (2001–2014) 

ε – is the error term. 

The following section presents the empirical estimations of economic, social, and 
institutional factors impact on carbon indicators in OECD countries in 2001–2014. 

4 Results and discussion 

The linear specification of the model is the most widely used in econometric modelling of 
CO2 emissions in metric tons per capita. Thus, linear models are used by Li et al. (2020), 
Sineviciene et al. (2017), Kubatko and Kubatko (2019).The random-effect generalised 
least squares estimators are used for panel variables. To figure out key drivers that should 
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be added to the econometric model, we used the research results described in the 
literature review. 

The empirical estimations of economic, social performance impact on carbon 
intensity (calculated as CO2 emissions, metric tons per capita) in OECD countries in 
2001-2014 are shown in Table 1. 

Table 1 The estimations of per capita CO2 emissions drivers for OECD economies in  
2001–2014 

 

Table 1 proves that gross domestic product per capita has a positive impact on carbon 
dioxide emissions per capita. A rise in GDP per capita by 10 thousand US dollars 
contributes on average to 1.3 metric tons of dioxide emissions per capita increase for the 
selected OECD economies. That is, the richer the national economies, the more carbon 
dioxide per capita emissions are produced. This result states that richer societies are 
consuming more energy and producing more CO2 emissions. 
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A rise in energy efficiency reduces CO2 emissions per capita. In contrast, a rise in 
GDP per unit of energy by 10 US dollars contributes on average to 4.5 metric tons 
decrease of CO2 emissions per capita for 36 OECD countries. It implies that there is a 
relationship between energy efficiency and climate friendliness. 

The variable of gross fixed capital formation (GFCF) has a positive correlation with 
carbon dioxide emissions per capita. Thus, an increase in GFCF by 10 points leads to  
an increase in CO2 per capita emissions by 0.6 metric tons. The last could be explained 
by GFCF being related to climate unfriendly activities (machinery, equipment purchases/ 
construction, construction activities of roads, railways, schools/kindergartens, etc.).  
All the above-mentioned activities are hardly called climate-friendly ones. The expansion 
of production capacity and increased fixed capital in the economy contribute to the 
continuous operation of production facilities. The OECD counties are pursuing a policy 
aimed at stimulating real investment and increasing the efficiency of production 
processes, which leads to a rise in CO2 per capita. 

According to the results of our study (Table 1), it can be seen that the factor of 
renewable electricity production is statistically significant and contributes to the 
reduction of CO2 emissions per capita. With an increase in the usage of green energy by 
10%, there is a decrease in CO2 emissions by 0.3 metric tons per capita. To further reduce 
CO2 emissions, the development and mass introduction of environmentally friendly 
technologies have to be applied, namely, electric vehicles that use electrical energy for 
their operation. In addition, investment in renewable energy sources is expected to reduce 
CO2 emissions into the atmosphere. This statement is supported by modern literature. For 
example, discovering the dynamics of per capita carbon emissions, Cheng et al. (2019) 
proved the existence of a bell-shaped (Environmental Kuznets Curve) trend at different 
quintile levels between green energy and CO2 emissions. The latter means that at the 
beginning of renewable energy development, the carbon emissions per capita may grow, 
but later on, starting some critical points the carbon emission per capita should decline. 
According to Chen et al. (2019), for Chinese provinces over the period 1995–2012, 
traditional energy usage positively influenced carbon dioxide emissions per capita. In 
addition, it was found that renewable energy consumption decreases the level of CO2 
emissions per capita in the eastern and western regions of China. The structure of the 
economy is considered to be the relevant factor for energy efficiency and origination of 
damage from ecosystem services deterioration (Karintseva et al., 2021; Veklych et al., 
2020; Melnyk et al., 2013). 

The export of high technology products appeared to be a statistically significant factor 
for increasing carbon dioxide emissions per capita. It was expected that introducing new 
technologies and scientific developments in the energy field would promote renewable 
energy sources use, reducing the degree of adverse effects on the environmental quality 
(Polyakova and Tsurik, 2019). According to our results, with an increase in the use of 
high technology by 10%, CO2 emissions are increased by 0.2 metric tons per capita. 

Improvements in value-added services, a patent application by residents, and an EU 
institutional dummy are statistically insignificant factors. Our results are in contrast to 
Kahouli (2019), who has stated that OECD EU countries promote the boost of the EU 
economy through the Energy Union. Improvements in Heritage foundation indicators 
such as tax burden, business, trade, and investments freedoms are also not statistically 
related to CO2 emissions per capita. 



   

 

   

   
 

   

   

 

   

   120 Y-X. Tu et al.    
 

    
 
 

   

   
 

   

   

 

   

       
 

Having discussed the significant drivers that determine per capita carbon dioxide 
emissions for OECD economies, we would continue the analysis of the determinants for 
total CO2 emissions (Table 2). 

Table 2 The empirical results of total CO2 emissions drivers for OECD economies in  
2001–2014 

 

It is seen from Table 2 that using carbon dioxide emissions in thousands of metric tons as 
a response variable, a positive impact of GDP per capita on CO2 emissions is observed.  
A rise in GDP per capita by 1000 USD increases carbon dioxide emissions on average to 
5374 thousand metric tons of CO2 in selected OECD economies. The richer the national 
economics the more absolute amounts of carbon dioxide emissions are produced. 

The indicator of energy efficiency (GDP per kilogram of oil equivalent) reduces CO2 
emissions. A rise in GDP per unit of energy by one USD contributes on average in 
36 OECD countries to 11,739 thousand metric tons decrease in CO2 emissions.  
This implies a positive relationship between energy efficiency and climate friendliness. 
Another explanation of the above-mentioned result is that energy-efficient societies are 
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also wealthy states with a predominant service economy and digital economy sector. The 
bulk of GDP in such states is produced in the fossil-fuel-free sector, which is supported 
by the econometric results. Thus, the relative variable of value-added, services (annual % 
growth) is negatively correlated with carbon dioxide emissions, and the growth of  
value-added, services by one percent leads to a decrease in carbon dioxide emissions by 
2327 thousand metric tons. It means that the service-based economy provides less CO2 
emissions. 

An increase in the number of patent applications by residents by one unit reduces 
carbon dioxide emissions by 1.22 thousand metric tons. The last is in accordance with 
Hashmi and Alam (2019), who used a GMM Estimations with the Driscoll–Kraay 
correction for the robustness of standard errors for the panel of OECD countries during 
the period 1999–2014, found that 1% rise in eco-friendly patent applications decreases 
CO2 emissions by 0.017%, and 1% rise in ecological taxes decreases these emissions by 
0.03%. 

In addition, the export of high technology products appeared to be a statistically 
significant factor for increasing carbon dioxide emissions. It was expected that the 
introduction of new technologies and scientific developments in the energy field would 
promote renewables, reducing the degree of adverse effects on the environmental quality. 
Thus, with an increase in the use of high technology by 10%, total CO2 emissions 
increase by 807 thousand metric tons. 

Improvements in gross fixed capital formation, export of high technology products, 
electricity production from renewable energy sources, oil prices are statistically 
insignificant factors. The data does not allow us to see exactly the gross fixed capital 
formed to relate it with CO2 production. The same is true with the export of high 
technology products. The other situation is with the electricity production from renewable 
energy sources when limitations in time period do not allow to see the exact effect of  
the variable. As for the oil prices, we may assume that OECD economies are not  
oil-vulnerable economies, and fluctuations in oil prices do not influence energy 
consumption. 

Changes in Heritage Foundation fiscal burden, business, trade, investing freedom, and 
property rights are also not statistically related to all CO2 emissions. 

Having discussed the significant drivers determining the total amounts of CO2 
emissions in OECD economies, we would continue analysis using the relative indicator 
of carbon efficiency measured as GDP per carbon dioxide (Table 3). 

With regard to Table 3, a rise in GDP per capita by 10 thousand US dollars 
contributes on average to 0.45 USD of GDP per metric ton of CO2 emissions increase in 
selected OECD economies. That is, the richer the national economies, the higher relative 
carbon dioxide efficiency it achieves. However, there is a rebound effect since higher 
carbon dioxide efficiency leads to higher total carbon dioxide emissions. 

Progress in the energy efficiency of GDP positively influences carbon dioxide 
efficiency. A rise in GDP per unit of energy by 10 USD contributes on average to an 
increase of 3.3 USD of GDP per metric ton of CO2 emissions for 36 OECD countries, 
which indicates that energy effective states have a relatively higher level of climate 
friendliness. These results are in accordance with Mozayeni et al. (2019), who have found 
for a case study of 4 OECD countries that the demand for solar panels per capita income 
is the main driver of solar energy production in France, Germany, Italy, and the USA. 
Among the other explanatory factors, the price of solar equipment, inflation (borrowing) 
rate, and pricing of non-renewable energy are also appeared to be statistically significant, 
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with theoretically expected explanatory power. Similar findings were received by  
Xu et al. (2019) for the panel of 35 European countries, who proved that the GDP growth 
indicators are positively related to the renewable energy sector, which means that 
increased living standards do promote environmental awareness and renewable energy 
development. 

Table 3 The empirical results of a relative indicator of carbon efficiency for OECD economies 
during 2001–2014 

 

However, our results are in contrast to Antonakakis et al. (2017), who have used a panel 
of more than 100 countries clustered by income groups. They found that there was no 
significant influence of renewable energy on GDP growth. It was found that there is no 
bell-shaped (Environmental Kuznets Curve) dependence between economic prosperity 
and carbon dioxide emissions, which means that there is no evidence that developed 
countries reduce GHG emissions through the increase in economic performance. The 
above-mentioned authors moved further and put a hypothesis that questions the impact of 
renewables on sustainable growth, stating that only zero economic growth is achievable 
under the environmental sustainability condition. Their results were achieved through the 
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panel vector autoregression. To our mind, the analysed period taken by them was not 
suitable to see the positive influence of the renewable energy sector on economic growth. 
Our results prove that renewable energy development promotes GDP per CO2 
improvements with more recent data. 

COVID-19 pandemic crisis affected environmental sustainability (Lentner and 
Hegedűs, 2021). 

Moreover, using a panel of 28 OECD over the 1971–2015 period, Demir and 
Cergibozan (2020) have obtained a statistically significant convergence involving 
alternative energy usage. 

The relative variable of GFCF is negatively correlated with GDP per unit of CO2. 
Thus, an increase in GFCF by 10 points leads to a decrease in GDP per unit of CO2 
emissions by 0.4 USD per metric ton. As in Table 1, the last could be explained by the 
fact that GFCF is related to unfriendly climate activities, often consuming more energy 
and emitting more GHG. Similar results are achieved for the value-added manufacture 
(measured as a percentage of GDP). Thus, an increase in value-added manufacture by  
10 percentage points leads to a decrease in GDP per unit of CO2 emissions by 0.4 USD 
per metric ton. The opposite situation is observed when we analyse the value-added 
services (measured as annual % growth). Thus, an increase in value-added services by  
10 percentage points leads to a rise in GDP per CO2 emissions by 0.2 USD per metric 
ton. According to the results of our study, it is seen that the factor of renewable electricity 
production is statistically significant and contributes to the increase of GDP per unit of 
carbon dioxide emissions. 

Koçak and Ulucak (2019) proved that for the panel of 19 high-income OECD states, 
the R&D spending for energy efficiency of the conventional energy sector has a growing 
influence on emissions of carbon dioxide. While R&D spending for energy efficiency of 
the green energy sector does not affect CO2 emissions. We do not agree with these results 
since the renewable energy sector is still comparatively small to significantly influence 
the reduction of carbon dioxide emissions. In addition, the positive correlation between 
R&D expenditures and energy efficiency of the non-renewable energy sector does not 
necessarily mean causality. Our empirical results prove that a rise in the use of energy 
from renewable resources by 10% provides a rise in GDP per unit of CO2 emissions by 
0.16 USD per metric ton. Melnyk et al. (2020) received similar results, and the renewable 
electricity output improves both relative carbon dioxide indicators. 

Improvements in a patent application by residents, export of high technology 
products, and oil price are statistically insignificant factors for GDP per unit of CO2 
emissions change. The country’s membership in the European Union does not influence 
CO2 emissions volumes. That is the policy of the European Union, which supports all 
international agreements and programs in the field of renewable energy and CC is in line 
with the similar policies of OECD economies and therefore does not demonstrate positive 
influence. Other institutional indicators of the Heritage Foundation, such as property 
rights, trade, investment, monetary freedom, and fiscal burden, are also not statistically 
related to GDP per unit of CO2 emissions. The improvements in business freedom 
indicators are positively correlated with carbon efficiency improvements. 

There is no problem in sharing the best OECD experience of reducing carbon 
efficiency since, according to Zofı́o and Prieto (2001), new technologies and innovations 
are available to all economies due to the openness and access to specialised journals, 
technological fairs, etc. Similar to that, Lau et al. (2019) using the panel of 18 OECD 
economics for the period 1995–2015, proved that electricity generated by nuclear power 
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plants leads to lower carbon emissions without slowdown the long-run economic growth. 
However, even if long-term economic growth is not endangered with regard to structural 
factors, emergency risk factors could be questioned due to the specifics of nuclear energy 
(Sushchenko et al., 2020). For that reason, renewable energy is the most evident path for 
the long-run sustainable economic developments of any national economy. 

5 Conclusions 

The results of our research have confirmed that the growth of the welfare of nations leads 
to an increase in the carbonisation level of their economies. At the same time, per capita 
GDP growth in the OECD countries creates prerequisites for improving their carbon 
efficiency. Taking into account this result, the policies of the national governments 
should be aimed at maintaining sustainable economic growth with an emphasis on the 
implication of low carbon technologies for the purpose of breaking the negative link 
“increasing welfare – increasing CO2 emissions”. 

The hypothesis concerning the positive impact of energy efficiency improvement on 
the OECD economies’ decarbonisation has been confirmed since more efficient energy 
use contributes to reducing CO2 emissions and preventing climate change. 

Given the small part of green energy resources in the total energy consumption of 
many OECD member states, currently, green energy development does not significantly 
affect overall CO2 emissions but positively influences the reducing per capita CO2 
emissions and increasing carbon efficiency. In general energy efficiency increases in 
terms of investment in green energy (Astanakulov et al., 2021). 

Therefore, it is expedient to further expand the renewable energy sector so that it 
could become a solid decarbonising driver. The hypothesis about the positive influence of 
investments in gross fixed capital formation on the growth of GHG gases emissions  
has been only partially confirmed. This factor raises per capita CO2 emissions and 
accordingly worsens carbon efficiency but does not affect the fluctuations in total CO2 
emissions. Therefore, it is necessary to change the state investment priorities and enhance 
the processes of investments greening to transfer the carbonisation factor into a powerful 
ecologisation driver for the OECD economies. 

The results of our study have disproved the hypothesis about reducing per capita CO2 
emissions due to the growth of high technology export. Instead, this factor increases both 
per capita and total CO2 emissions. In addition, it does not have a noticeable effect on the 
change in the carbon efficiency of OECD countries. Therefore, it is expedient for the 
national governments to revise the priorities in this field and stimulate the development 
of green high technology export. 

In general, the hypothesis regarding the influence of value-added, manufacture, and 
value-added, services on the dynamics of the CO2 indicators can be considered as 
confirmed. While these factors do not significantly influence CO2 emissions per capita, 
the development of services in national economies reduces total CO2 emissions and 
increases carbon efficiency. The increment in value-added, manufacture causes 
deterioration of the carbon efficiency indicator. From these perspectives, expanding the 
services sector and reducing the material production share in national economies are 
promising directions for decarbonising and improving environmental quality in OECD 
countries and preventing climate change. 
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The impact of patents applications by country (residential) has been confirmed only 
for the total CO2 emissions indicator. That is the factor increase that promotes to fall of 
CO2 emissions in national economies. Nonetheless, this driver does not significantly 
affect other CO2 indicators: CO2 emissions per capita and carbon efficiency. Thus, it 
indicates the contradictory nature of the obtained results and therefore requires further 
research. 

Factors like oil prices, EU membership, and Heritage Foundation indicators are 
statistically insignificant for CO2 indicators changes, except for business freedom, which 
positively affects carbon efficiency growth. This indicates that price and institutional 
factors have an insufficient influence on economies’ decarbonising. Therefore, the 
environmental and decarbonisation policy of the governments of the OECD countries 
should be revised to increase its effectiveness with the help of improved price 
instruments and institutional changes. 
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