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The study analyzed some energy, fossil fuel, economic, and environmental indicators, such as energy use, CO

emissions, driving factors, decoupling elasticity status, and decoupling effort status. It relied on the Kaya identity

and Logarithmic Mean Divisia Index (LMDI) in determining the drivers of CO  emissions. As shown by the results,

between 2004 and 2020, energy consumption in Poland grew at an average annual rate of 0.8%, while fossil fuel

carbon emissions declined at 0.7% per year. Energy intensity was found to be the key force behind the reduction in

CO  emissions, whereas rapid economic growth was the main driver of CO  emissions.

energy  fossil fuels  CO2 emissions  economic growth

1. Introduction

One of the major environmental challenges facing humanity today is the progressing global warming resulting from

increased atmospheric emissions of greenhouse gases (GHGs), especially including carbon dioxide (CO ), which

contributes more than 60% to the greenhouse effect . As confirmed by a number of publications, human

economic activity is the key source of GHGs. In addition, CO  emissions are strongly related to the use of fossil

fuels and economic growth .

The need to counteract climate change caused by excessive GHG emissions and to implement sustainable

development principles is an increasingly urgent matter expressly addressed in Sustainable Development Goals

(SDGs) and in the Paris climate agreement entered into in 2015 by 195 countries at the United Nations Framework

Convention on Climate Change . The key goal provided for therein is to limit global warming to 1.5–2.0 °C by the

end of this century . Meeting that objective requires a considerable reduction in GHG emissions, which, however,

is not easy, because their growth is strictly related to economic development. Therefore, the core issue in today’s

debates within political and academic communities is the degree to which emissions can be decoupled from

economic growth .

Decoupling emissions from economic growth is believed to be the key path of sustainable development that

prevents environmental degradation with no adverse effects on economic development. However, it is extremely

difficult to entirely decouple emissions from economic growth. It would be only possible in a situation where an

increase in economic performance is accompanied by an absolute quantitative drop in emissions. The scenario of

compatibility between economic growth and reduced emissions is possible both theoretically and practically, as

illustrated by numerous examples. In order for this to happen, innovative technologies must be deployed together
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with an effective economic and fiscal policy, adequate legal regulations, education efforts, and a reorientation of

lifestyle focused on implementing the principles of low-carbon living. However, it does not mean that decoupling

emissions from growth—as one of the key paths to sustainable development—is not called into question. It is

surrounded by different controversies, with negative economic growth being viewed as an enabler of environmental

goals. In addition, these controversies gave rise to a broad debate on new terms such as “green growth”, “de-

growth” and “agrowth” . “Green growth”, a strategy promoted by the OECD, is designed to support economic

growth and development while ensuring that natural assets continue to provide environmental resources and

services upon which depends social well-being. Moreover, it is supposed to have a catalyzing effect on

investments and innovations, which will provide a basis for sustainable growth and drive new economic

opportunities . In turn, “de-growth” calls into question the necessity of economic growth and proposes a

shift toward a post-growth society that values social and environmental well-being over economic growth.

Supporters of this concept argue that seeking continuous economic growth is an unsustainable process that

contributes to environmental degradation, social disparities, and political instability. They propose alternative forms

of economic organization and production that give priority to sustainable growth and to human equality and well-

being. Generally, “de-growth” is defined as a fair reduction of production and economic consumption that ensures

that the use of resources and waste remains within safe limits of the ecosystem . The above makes “de-

growth” clearly focused on a purposeful reduction of economic activity and material wealth . Conversely, the

objective of “agrowth” is to attain economic growth while reducing environmental impacts and increasing social

well-being. It emphasizes the need to reduce the use of materials and to invest in renewable energies, sustainable

infrastructure, and more equitable economic practices. Its supporters argue that economic growth and

environmental sustainability can reinforce each other instead of being viewed as incompatible goals. “Agrowth” is a

certain alternative to “green growth” and “de-growth”. As emphasized by van den Bergh , it is better to be

agnostic about growth and implement a strategy that uses GDP only as an indicator (because GDP growth is

neither the ultimate goal nor a means to achieve it). He also indicates that the “agrowth” strategy would allow the

identification of more policy areas that may improve well-being and environmental conditions .

Generally, even though each of these three approaches supports the concern for environmental sustainability, they

differ in how they view the role of economic growth in attaining that goal. “Green growth” supporters suggest that

economic growth can be sustainable, whereas advocates of “de-growth” propose a fundamental shift away from

seeking economic growth. On the other hand, supporters of “agrowth” seek both economic growth and

environmental sustainability through a combination of political interventions and changes to economic practices 

.

Decoupling is at the core of the debate on sustainable growth, which is expressed by a considerable number of

research projects launched to investigate the decoupling trends and to identify the factors that affect them.

However, as Lundquist  emphasizes, the potential for a total decoupling of emissions remains unclear despite

extensive research efforts. The results of empirical studies on emissions decoupling differ between the countries,

periods, pollution types, and accounting methods. In addition, they depend on the views on each country’s potential

for decoupling. However, generally, the key conclusion is that the current levels of decoupling indicators are below

what is needed to enable sustainable growth .
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In some emerging economies, the growth rate of CO  emissions between 1990 and 2020 was noticeably above the

worldwide average . For instance, it was 492.6, 435.8, 285.1, 219.4, and 317.9% in China, India, Turkey, Brazil,

and Iran, respectively . In turn, Poland saw a 35.7% decline in CO  emissions (without LULUCF), from 472.0

million tons in 1989 (base year) to 303.5 million tons in 2020, and a nearly 17% drop in emissions per capita, from

9.2 to 7.7 t . Despite the considerable reduction in CO  emissions, the most recent per capita statistics for

Poland continue to be above the European Union average level of 6.1 t. Poland remains one of the largest CO

emitters and is ranked second (2020) after Germany . These emissions mostly come from the energy sector, an

important and complex part of the national economy. In addition, Poland largely depends on coal in addressing its

energy demand (coal-fired power stations account for most of the national production of electricity). In addition to

coal, Poland owns large reserves of natural gas used in producing both electricity and heat. Despite the quite

dynamically developing sector of renewables—in which wind and solar energy have an increasingly greater share

in national production of electricity—fossil fuels continue to be the main source of energy and thus the main source

of greenhouse gas emissions.

2. Studies on Decoupling Process in Country Groups

Chen et al.  used the Tapio model to examine the decoupling relationships between influencing factors and CO

emissions in OECD countries from 2001 to 2015. The results indicate that the decoupling states between fossil fuel

CO  intensity, energy mix, energy intensity, GDP per capita, population size, and CO  emissions during that period

are recessive decoupling, weak negative decoupling, and strong decoupling. In turn, Dai et al.  examined the

occurrence of decoupling between economic growth and energy-related CO  emissions in BRICS countries from

1995 to 2014. It follows from their research that Brazil, Russia, and South Africa experienced five decoupling

statuses during the study period. However, only three of them occurred in China and India. Moutinho et al.  used

the Tapio model and the decoupling effort analysis in a study investigating the underlying driving forces behind

energy-related per capita CO  emissions over the 1993–2017 period in a panel of 16 South American countries.

Their study found that this group of countries shifted from the weak decoupling state to the strong decoupling state

after the signing of the Kyoto Protocol. In addition, it demonstrated that “strong decoupling” was mainly achieved

due to a group of economic drivers, with the negative changes in energy intensity and in domestic investment

playing the strongest role in reducing CO  emissions per capita. In turn, Zhang et al.  analyzed the decoupling

elasticity between carbon dioxide, GDP, and energy consumption in China and ASEAN countries over the period

1990–2014. As shown in their study, in light of the Tapio model, only three decoupling statuses occurred during the

considered period, i.e., weak decoupling, expansive coupling, and expansive negative decoupling. Ozturk et al. 

examined the decoupling of CO  emissions from economic growth for Pakistan, India, and China over the period

1990–2014. The results of the Tapio elasticity analysis showed that these countries experienced a decoupling of

environmental impacts from economic growth. However, relatively speaking, it was a costly negative decoupling in

Pakistan, mostly weak decoupling and costly coupling in India, and a weak decoupling in China over many years.

In addition, the decoupling elasticity analysis showed that energy intensity was a key enabler of decoupling in

these countries, while population, wealth, and energy mix undermined its progress. In turn, Li and Jiang 

attempted to study the impact of R&D on reducing environmental pressures based on an empirical analysis of the
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world’s six largest carbon emitters. The main results from the Tapio model and the LMDI technique showed that

over the period 1996–2014, the developed countries enjoyed better and more stable decoupling statuses than

developing ones. Another conclusion is that the effect of per capita R&D expenditure was the main inhibitor of

decoupling CO  emissions from economic development. However, the energy intensity effect and R&D efficiency

effect related to technological progress were the main driving forces for the decoupling process.

3. Studies on Decoupling Process in EU Countries

A number of studies have also been carried out in EU countries. Papież et al.  analyzed the impact of EU energy

policy on decoupling GHG emissions from economic growth between 1996 and 2017. They relied on the Tapio

model in carrying out two types of greenhouse gas measurements, i.e., production-based and consumption-based

accounting. Although the results show a decoupling of emissions from economic growth in almost all countries,

regardless of the type of GHG measurement, it occurs faster in the case of production-based emissions. As

regards EU countries (EU-15), the decoupling processes were analyzed by Madaleno and Moutinho , who

examined the decoupling states and decoupling effort in the context of changes in the evolution of carbon

emissions over the period 1995–2014. The study showed that the most significant CO  reductions occurred in the

years following the signing of Kyoto commitments due to a negative and significant impact of carbon intensity of

petroleum products, energy intensity, and conversion efficiency. Furthermore, the authors found that the effects of

flexibility and of the decoupling effort were not controlled for by internal CO  factors. In addition, the drivers of CO

emissions from electricity generation and decoupling processes in the EU were analyzed by Karmellos et al. .

According to their results, in the last five years of the study period (2000–2018), a significant number of EU

countries moved into a state of strong decoupling, implying successful implementation of relevant energy and

environmental policies. Further research among EU countries was carried out by Diakoulaki and Mandaraka .

They used the decomposition method to explain the changes in industrial CO  emissions and to comparatively

assess the progress made in EU-14 countries in decoupling emissions from industrial growth between 1990 and

2003. The decomposition results they obtained were further used to assess the real efforts undertaken in each

country and their effectiveness. On these grounds, the authors concluded that most EU countries made an

important (although not always sufficient) decoupling effort, but no significant progression was observed in the

post-Kyoto period.

4. Studies on Decoupling Process in Other Countries

Wang et al.  compared the decoupling efficiency between China and the U.S. They quantified the decoupling

statuses using the Tapio index and decomposed the decoupling index to explore the driving factors behind the

decoupling using the LMDI technique. They found that in most years between 2000 and 2014, China experienced

expansive coupling and weak decoupling, whereas the U.S. mostly saw weak and strong decoupling. Moreover,

the authors proved that income and population had a restrictive effect on decoupling, whereas energy intensity and

energy mix effects promoted the decoupling process. In addition, the carbon intensity effect exerted negative and

positive effects on decoupling in China and the U.S., respectively. Changes in decoupling processes and energy-

2

[24]

[25]

2

2 2

[26]

[27]

2

[28]



Energy-Related Carbon Dioxide Emissions from Economic Growth | Encyclopedia.pub

https://encyclopedia.pub/entry/45049 5/13

related CO  emissions in the U.S. were also analyzed by Jiang and Li . In light of the decoupling effort ratio, they

found that the lack of decoupling prevailed in most of the surveyed years of the 1990–2014 period, whereas strong

decoupling was the least frequent state. In turn, Wang and Wang  analyzed the decoupling states and the

effectiveness of decoupling efforts in the U.S. from 1998 to 2015. Their study used the Tapio model and the

decoupling effort model. The analysis of decoupling efforts revealed that energy intensity, R&D intensity and

efficiency, and sectoral CO  intensity contributed to decoupling economic growth from carbon emission, whereas

investment intensity, population size, and sectoral energy structure did not. Freitas and Kaneko  used the OECD

method to investigate the incidence of decoupling between growth rates in economic activity and CO  emissions

from energy consumption in Brazil between 2004 and 2009. In general, they identified various periods of relative

decoupling in Brazil but also noted that the decoupling processes did not occur smoothly. Based on the Tapio

model, Wang et al.  presented a new way to study the change in decoupling rates in China, making it possible to

answer the question, why does the decoupling rate change over time? Their research found that only three states

of CO –GDP decoupling (weak and expansive decoupling and negative expansive decoupling) occurred during the

studied period. In addition, the researchers showed that the energy–GDP decoupling effect played a significant role

in changing the CO –GDP decoupling rate, followed by the energy–fossil decoupling effect. In contrast, the CO –

energy decoupling effect played a small role in changing the CO –GDP decoupling rate. Zhang and Da 

implemented the Tapio index to examine the decoupling relationship between CO  emissions and growth in China

between 1996 and 2010. The results indicate that a relative decoupling effect between CO  emissions and

economic growth was recorded in most years during the study period. This suggests that the reduction effect of

CO  emission inhibitors was less than the driving effect of economic growth, and the economy grew with increased

carbon emissions. Xu et al.  used the Tapio model in decomposing the indicator of the decoupling of fossil

energy CO  emissions from economic growth in China over the period 1995–2012. Their research showed that

decoupling varied due to changes in economic growth and energy intensity between different sub-periods. The

economic output effect significantly boosted the decoupling, whereas the energy intensity effect strongly decreased

it. In turn, a comparative analysis across different sectors and sub-sectors revealed that industrial growth

determined the status of decoupling CO  emissions from economic growth. In addition, energy-intensive sub-

sectors strongly contributed to the decoupling of CO  emissions, whereas non-energy-intensive ones had a

relatively slight impact on it. In turn, Engo  used the Tapio model to assess the decoupling and determinants that

influenced the relationship between growth and CO  emissions in Cameroonian industrial and service sectors

between 1990 and 2015. The findings showed that Cameroon experienced weak decoupling throughout the

research period because weak negative decoupling, strong negative decoupling, and strong decoupling were

witnessed in most years, whereas strong decoupling was recorded in only three periods. Roinioti and Koroneos 

used the decomposition technique and the decoupling index in identifying the driving forces of energy-related CO

emissions in the Greek economy between 2003 and 2013. Their research shows that the effects of decoupling

varied over time. Weak decoupling was experienced in most years, whereas strong decoupling was recorded in

only three periods. Moreover, as a result of the recession, no decoupling was found in the last years of the

considered period. Yasmeen and Tan  used the Tapio method in analyzing the decoupling relation between

environmental degradation, energy use, and economic progress in Pakistan based on data from 1972–2017.

Based on the decoupling analysis, they identified the decoupling linkage between energy use and CO  emissions
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(growth negative decoupling). Conversely, a weak decoupling relation was noticed between CO  emissions and

economic development. Furthermore, a similar weak decoupling relationship was identified to exist between energy

consumption and economic progress.

5. Studies on Decoupling Process in Transport Sector

Much research has also been undertaken on the transport sector. Tapio  presented a theoretical framework for

decoupling and applied it in analyzing the relationships between GDP, traffic volumes, and CO  emissions from

transport in EU countries from 1970 to 2001. Aggregate data showed a shift from expansive negative decoupling to

expansive coupling in passenger transport and a shift from weak decoupling to expansive negative decoupling in

freight transport. In addition, he discovered a weak decoupling of transport CO  emissions from GDP. Next, Engo

 examined the decoupling relationship between energy-related CO  emissions and growth in the Cameroonian

transportation sector between 1990 and 2016. The decoupling rates were decomposed into five factors with four

fuels consumed in this sector. The results derived from the Tapio model showed that only four decoupling states

emerged in the surveyed years, i.e., weak and strong decoupling, weak negative decoupling, and strong negative

decoupling. However, scale effects, the energy mix effect, and the energy intensity effect precluded decoupling,

while the economic structure effect played an important role in decoupling. In the transport sector, similar research

was also conducted by Zhao et al. , who analyzed the main drivers of energy-related CO  emissions in

Guangdong, China’s richest and most populous province. The results showed that in general, the decoupling level

between transport output and CO  emissions during the period 1995–2012 was relatively low. In addition, the

optimization of the tertiary industry structure was the main inhibitor of CO  increase. However, the province

experienced rapid growth of GDP per capita and population, which was more powerful at boosting CO  and

resulted in the elasticity index rising directly. Moreover, the research shows that reducing energy intensity can be

one of the most important ways to increase the decoupling effort. In turn, Li et al.  examined the relationship

between the development of the transport sector and its CO  emissions from the perspective of 30 Chinese

provinces. The results indicated that underdeveloped provinces were more likely to present a weak decoupling

state than developed and coastal zones. The researchers also found that income was the major influential factor

limiting the development of decoupling in the transport sector and that the population size played a very small

negative role in the development of decoupling.

6. Studies on Decoupling Process in Agriculture

Decoupling processes have also been explored in the agricultural sector. Han et al.  studied the interactions

between agricultural CO  emissions and growth in 30 Chinese provinces from 1997 to 2015. Based on these data,

the coupling and decoupling effects of CO  emissions and the underlying driving factors were examined using the

Tapio model. From these studies, it appears that at the regional basis, the degree of coupling between CO

emissions and growth was high in the central region of China and low in the western region. At the provincial scale,

the coupling effects of CO  emissions exhibited four levels: minimal, low, moderate, and high coupling. In turn, in

most other provinces, CO –growth relations indicated a weak decoupling state. Linkages between development
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and energy-driven agricultural CO  emissions was also studied by Hossain and Chen . Their results showed that

the agricultural sector of Bangladesh was strongly and weakly decoupled from agricultural growth in most years of

the period 1990–2017. Research in agriculture was also carried out by Huang and Zhang  in Heilongjiang,

China’s largest grain-producing province. The study estimated its grain-production-induced CO  emissions and

examined the nexus between this production and emissions between 2000 and 2018, using decoupling and

decomposition methods. The decoupling analysis showed that weak decoupling occurred for half of the study

period; however, the decoupling and coupling states occurred alternately, and there was no definite evolving path

from coupling to decoupling. In turn, Liu and Feng  attempted to explain the mechanism behind the decoupling

of economic growth and CO  emissions in the agricultural sector in mainland China from 2005 to 2016. The results

obtained from the Tapio model showed that the decoupling efficiency was not perfect. Their study found that the

most important factors affecting the decoupling status were investment and investment efficiency, and the major

obstacle was investment in productivity growth being greater than investments in energy saving and carbon

reduction. In addition, the decoupling status and investment orientation of decoupling activities varied across

regions. At the national level, the dominant decoupling status changed from weak to expansive. Luo et al.  also

studied the decoupling of carbon emissions from agricultural growth in China from 1997 to 2014. Their results

indicate that decoupling in the agricultural sector generally followed a favorable trend. Strong negative decoupling

prevailed in the early years of the studied period, while weak or strong decoupling was recorded in subsequent

years.

7. Studies on Decoupling Process in Spatial Units

A significant number of studies on decoupling process have been carried out in Chinese provinces and counties.

Based on the Tapio model and the LMDI method, Huang et al.  analyzed the evolution of energy-related CO

emissions as well as the decoupling relationship and its driving factors in the Qinghai province between 1997 and

2017. The results indicated that this relationship was represented by four types: weak and strong decoupling,

expansion negative decoupling, and expansion coupling. Among them, strong decoupling was achieved in only five

sub-periods. Qin et al.  used the Tapio index to decompose the driving forces of decoupling and measured the

states of the sector’s decoupling from CO  emissions in the Chinese province of Xinjiang between 2000 and 2017.

These studies found the occurrence of four decoupling states in this period, i.e., weak decoupling, expansive

coupling, expansive negative decoupling, and strong negative decoupling. Most industries in this province failed to

reach the ideal decoupling state, with GDP per capita elasticity having the main inhibitory effect on the decoupling

of CO  emissions. In turn, energy intensity elasticity was a major driver of decoupling. Based on the Tapio model,

Shi et al.  analyzed the decoupling status of CO  emissions from economic growth in 16 districts of Beijing

during the period of 2006–2017. Their decoupling states demonstrated some phased improvement characteristics.

In 2017, over 93% of districts achieved a decoupling state (whether strong or weak); 37% of districts achieved

strong decoupling, the most desirable state. The authors believe these favorable changes to be caused by urban

functional zones and the transformation of the industrial structure, as well as by the direct impact of the national

environmental policy. In turn, You et al.  analyzed the decoupling relationship between coal-related CO

emissions and economic growth in China from national and provincial perspectives between 1997 and 2016
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through the Tapio index. The results reflect the inverted “U” shape of the decoupling curve and demonstrate that

the vast majority of provinces achieved a strong decoupling of economic growth from coal-related carbon

emissions by 2016. Furthermore, they prove that activity and energy intensity effects were the prevailing forces

driving and curbing the increase in the decoupling rate, respectively. Wang et al.  used the decoupling effort

indicator to examine the contribution of factors that influenced energy-related CO  emissions in the Chinese

province of Jiangsu from 1995 until 2009. The findings show that during the period considered, strong decoupling

was recorded only twice, and a weak decoupling effect prevailed in most of the remaining time intervals.

8. Studies on Decoupling Process in Other Sectors and Sub-
Sectors

The decoupling analyses have also been frequently applied to a number of other sectors and sub-sectors of the

Chinese economy. Li et al.  studied the decoupling relationship and its influencing factors between economic

growth and CO  emissions in China in the manufacturing and household sectors between 1996 and 2012. The

results showed that the decoupling status of the manufacturing sector remained mainly at the level of weak

decoupling, while that of households generally indicated strong decoupling. Luo et al.  exploited the Tapio

method to analyze the decoupling processes in 28 Chinese industries between 2002 and 2017. In these sectors,

economic growth and CO  emissions were slowly decoupling. In addition, researchers proved that energy intensity

promoted the decoupling, whereas economic growth had an opposite effect. Other factors showed little impact on

the decoupling of CO  emissions. Wang et al.  constructed a decoupling effort index for the Chinese iron and

steel industry. Based on the results, they found that the decoupling efforts of the industry gradually changed from

weak to strong and that environmental regulations and technological developments particularly contributed to

decoupling. In turn, Wan et al.  used the Tapio method in investigating the decoupling relationship between CO

emissions and growth of the equipment manufacturing industry in China from 2000 to 2014. Based on the results,

the authors found this relationship to be weak, which means the industry grew faster than carbon emissions. The

indicators of the industry’s decoupling effort were all below 1.0, suggesting that weak decoupling prevailed during

the study period. Meanwhile, Wu et al.  used the Tapio model to investigate the decoupling relationship between

economic output and CO  in the Chinese construction industry from 2005 to 2015. Their results indicate that there

existed an expansive decoupling relationship between growth and construction-related CO  emissions in most

Chinese provinces during these years. The researchers also found that economic output played the most

significant role in inhibiting the decoupling at both the national and provincial levels, while indirect carbon intensity

was the main driver for promoting nationwide decoupling. In turn, Wang et al.  explored the decoupling

relationship between CO  emissions and power generation of the Chinese power sector and the driving factors of

the decoupling index at provincial level between 2000 and 2019 using the Tapio and LMDI methods. The

decoupling analysis showed that five provinces achieved decoupling, and most provinces were in expansive

coupling states in this period. The decomposition analysis also indicated that per capita GDP and population size

were responsible for inhibiting the decoupling process, whereas thermal power generation efficiency and electricity

intensity promoted it. In turn, Yang et al.  used the LMDI method and the Tapio index to analyze the decoupling

elasticity and effort index of industrial growth and CO  emissions in China from 1996 to 2015. They found that
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industry-related CO  emissions increased about 1.5 times during the study period, with the manufacturing sector

contributing the most, followed by the transport sector. Furthermore, their research found that the manufacturing

sector witnessed a reverse U of decoupling progression, moving from strong decoupling to weak decoupling and

then turning back to strong decoupling. In addition, they noted that expansive decoupling and strong negative

decoupling emerged in the construction, transport, and commercial sectors; provinces with high energy demand

and heavy industry were able to achieve strong decoupling, while those with lower energy demand witnessed a

clear trend toward decoupling.
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