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Abstract 
 

Carbon Dioxide (CO2) emissions from fuel combustion are among the leading causes of human-induced 
climate change and global warming today, drawing researchers’ and international organisations’ attention. 
CO2 emissions vary widely across the world. Countries with high emissions are setting goals and working 
toward reducing their environmental impact by switching to renewable energy sources. This article reviews 
the CO2 emissions levels emphasising the top five contributors and the changes in the sources of their total 
energy consumption from 2008 to 2018. It also presents the countries’ objectives to achieve carbon 
neutrality or to reduce their carbon emissions. 
 



SEA - Practical Application of Science 

Volume IX, Issue 26 (2 / 2021) 

 

 136 

INTRODUCTION 

 

During the 21st century, the growing world 

economy led to a high increase in fossil fuel carbon 

dioxide (CO2) emissions compared to the 1990s 

(Canadell et al., 2007). Today, CO2 emissions from 

fuel combustion draw researchers’ and 

international organisations’ attention as they are the 

primary cause of human-induced climate change 

and global warming. Consequently, countries have 

come under scrutiny over their overall CO2 

emissions and environmental policies. 

While CO2 emissions vary across the globe, 

several countries have a higher concentration than 

the rest of the world. This study reviewed CO2 

emissions for the world and the top five CO2 

emitters and their total energy consumption by 

energy source between 2008-2018. The focus is on 

these countries because they account for more than 

half of the CO2 emissions worldwide. The research 

included CO2 emission levels from fuel 

combustion and the differences between the top 

five countries and the rest of the world.  

Since one way to reduce CO2 emissions through 

consumption is by consuming less fossil fuel and 

more renewable energy sources, this study showed 

the changes in the energy consumption sources and 

any transition towards renewables away from fossil 

fuel. Moreover, the research presented the 

countries’ goals and objectives to achieve carbon 

neutrality or reduce their carbon emissions. 

 

 

CHANGES IN CARBON DIOXIDE 

EMISSIONS BETWEEN 2008 AND 2018 

 

The focused countries for this research are The 

United States of America (USA), the People’s 

Republic of China, Japan, the Russian Federation 

(Russia), India, and The Rest of The World. This 

study focused on the mentioned countries due to 

their high CO2 emissions, which accounted for 

more than half of the emissions worldwide. The 

author retrieved the data for CO2 emissions from 

fuel combustion per country worldwide from the 

International Energy Agency (IEA, 2020) database. 

This research used time-series data from the year 

2008 until 2018. 

Table 1 shows the amount of emissions in 2008 and 

2018, measured in million tonnes of CO2 emissions 

(Mt) from fuel combustion. The author organised 

Table 1 to demonstrate the countries’ share of CO2 

emissions by using the percentage of CO2 

emissions per country from the world’s total 

emissions. The top five polluters in the world in 

2008 were China, the United States, Russian 

Federation, India, and Japan. They together were 

responsible for 56% of the total CO2 emissions 

worldwide in 2008. The same countries resumed 

occupying the top positions with a slight change in 

their percentage of CO2 emission in 2018.  

Their combined CO2 emissions remained more 

significant than the total emissions of the rest of the 

world. Due to their serious effect on worldwide 

pollution, the author analysed the trends and 

changes in the top five countries’ emissions levels 

from 2008 to 2018. Table 2 shows the amount of 

CO2 emissions in million tonnes per country, 

comparing it to the rest of the world. The 

penultimate row shows the percentage change in 

CO2 emissions per country between 2008 and 

2018, denoted as % change. A positive value 

represents increasing emissions level, and a 

negative value means decreasing the emissions 

level. The last row shows the average CO2 

emissions (Mt) for eleven years.  

The level of CO2 emissions increased substantially 

in China and India by 43% and 71%, respectively. 

While Russia sustained its CO2 emissions with an 

increment of 2%, CO2 emissions rose by 8% in the 

rest of the world. The United States, on the other 

hand, decreased the amount of CO2 emissions by 

11% since 2008, and Japan followed it with a 4% 

decrease. However, they remained in their position 

among the top five polluters as of 2018. Even with 

the US’s decreasing trend, the combined eleven-

year average CO2 emissions of China and the US 

(13617 Mt) exceeded the rest of the world average 

(13438 Mt) and the combined average of India, 

Japan, and Russia (4552 Mt). 

Overall, the top five polluters (China, US, India, 

Japan, and Russia) produced 57% of the world 

CO2 emission between 2008 and 2018; China and 

the US were responsible for 75% of these 

emissions. 

An increasing number of countries are committing 

to reducing their carbon footprint and exposure to 

global warming. Many policymakers are putting 

this into national policy, laying out expectations of 

a future free of carbon. The author includes 

country-specific goals for reaching net-zero CO2 

emissions for the focused countries in the coming 

chapters. 

 

 

TOTAL ENERGY CONSUMPTION 

 

Countries have been putting efforts into reducing 

their CO2 emissions due to emphasised risks of 

greenhouse gases. Increasing renewable energy 

sources and reducing primary energy sources are 

standard practices that countries implement. For 

example, and because of its high carbon emissions, 

coal is being phased out in developing countries, 

favouring other energy sources (Roth & Petcu, 

2014). 

Many studies examined the relationship between 

energy consumption from renewable and non-

renewable energy sources and CO2 emissions. 
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Some support the claim that more energy derived 

from renewable sources is better for the 

environment and will reduce CO2 emissions. 

Sharif, Raza, Ozturk, and Afshan (2019) examined 

the 74 countries with the highest CO2 emissions 

between 1990 and 2015 for their energy 

consumption and CO2 emissions. The authors 

found that renewable energy consumption 

decreases CO2 emissions in the long run while 

reducing and controlling environmental 

degradation. In a different study, Apergis, Payne, 

Menyah, and Wolde-Rufael (2010) analysed the 

relationship between CO2 emissions, nuclear 

energy and renewable energy consumption, and 

economic growth for 19 developing and developed 

countries for the duration between 1984 and 2007. 

The results showed that nuclear energy 

consumption positively impacts the reduction of 

CO2 emission in the long run, but renewable 

energy consumption does not play any role. The 

authors inferred that the latter might result from a 

lack of technology for sufficiently storing 

renewable energy, which eventually leads 

electricity producers to use emission generating 

sources to overcome sporadic supply issues. 

Another study in the US reached the same result by 

using data between 1960 and 2007. The results 

showed that renewable energy consumption has not 

advanced to a level where it can reduce CO2 

emissions (Menyah & Wolde-Rufael, 2010).  

Ajmi, Hammoudeh, Nguyen, and Sato (2015), in a 

research on the G7 countries, discovered a 

unidirectional causality between per capita energy 

consumption and CO2 emissions in France and a 

bidirectional causality in the United States. The 

authors further deduced that these results point to 

energy consumptions as the leading cause of CO2 

emission, but only in country-specific cases.  

Adebayo and  Kirikkaleli (2021) found that using 

renewable energy decreases CO2 emissions in 

Japan’s cast for the short and medium-term; also, 

the paper advocated promoting renewable energy 

growth policies to mitigate environmental 

degradation. A similar outcome from Dogan and 

Ozturk (2017) for the USA showed that the rise in 

renewable energy consumption reduces 

environmental pollution. In contrast, the increase in 

non-renewable energy consumption led to CO2 

emissions, according to long-term projections. 

Chen, Zhao, Lai, Wang, and Xia (2019) found non-

renewable energy increased CO2 emissions in 

China’s regional panel study. However, the 

increase varied across China’s three regions, with 

the most significant effect in the central region, 

followed by the western and eastern regions. In the 

eastern and western regions, renewable energy 

usage minimised CO2 emissions, while their effect 

in the central region was small and statistically 

insignificant. 

These findings are significant as they generally 

highlight a potentially positive impact of using 

renewable energy source on reducing CO2 

emissions. Such studies may help to shape 

environmental and energy policymaking and help 

governments reduce CO2 emissions. 

 

 

GLOBAL AND COUNTRY-SPECIFIC 

REVIEW OF TOTAL ENERGY 

CONSUMPTION 

 

Previous chapters laid out the concentration of CO2 

emissions globally and their relationship between 

the total energy consumption. Since total energy 

consumption is often attributed as one of the main 

drivers behind CO2 emissions, this study analysed 

the countries’ energy and consumption growth. The 

analysis also used the rest of the world and the 

world as a benchmark for comparison.  

The author categorised the energy resources into 

three categories: fossil fuels comprising natural 

gas, oil, and coal; renewables comprising hydro, 

solar, biofuels, biomass, and wind; nuclear energy. 

For all categories and countries, energy 

consumption measured in exajoules (EJ), 

approximately one exajoules = 277.778 terawatt-

hours (TWh) and the data were gathered from the 

BP Statistical Review of World Energy (2020). 

In 2018, the worldwide total energy consumption 

surged to 160060 TWh, an 18% increase from 2008 

(13617 TWh). Between 2008 and 2018, fossil fuels 

remained the primary energy source globally with a 

slight change among the subcategories. Energy 

consumption from oil and coal sources lost a 2% 

share in eleven years while gas consumption gained 

2%. Even with the reductions in oil and coal 

consumption, the traditional fossil fuels still 

constitute 85% of the total consumption in which 

renewables account for 11% and nuclear energy for 

4% globally. Energy consumption from renewables 

increased by 66% in eleven years to 17541 TWh, 

making renewables about 11% of the total energy 

consumption (from 8% in 2008). 

Meanwhile, in the rest of the world (all countries 

except China, the United States, Russian 

Federation, India, and Japan), total energy 

consumption increased by 19% and reached 81350 

TWh in 2018. However, the share of energy 

consumption from fossil fuels decreased to 74%, 

whereas it was 79% in 2008. Both coal and oil 

energy sources lost shares in the total consumption 

(2% and 4%, respectively), where the renewables 

gained 6% share and provided the 22% of 

consumed energy in the rest of the world. 

The top five CO2 emitting countries also expanded 

their share of renewable energy while reducing or 

increasing energy from fossil fuel sources between 

2008 and 2018. The following subchapter 

coalesced the five countries, energy sources and 
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consumption growth into country-specific cases for 

a clearer understanding and review.  

  

The Energy Consumption Per Source for the 

Top Five CO2 Emitting Countries  

The author used the top five countries’ energy 

consumption per energy source to see the energy 

consumption trend between 2008 and 2018. 

 

The case of China 

China’s total energy consumption increased by 

45% between 2008 and 2018. China’s primary 

energy source, across the studied period, was coal. 

On average, coal supplied 66% of China’s total 

energy consumption; oil 18% and natural gas 5%. 

Energy consumption from every fossil fuel source 

grew notably; gas by 245%, oil by 65% and coal by 

18%. In 2018, China acquired 86% of its energy 

from fossil fuels, where coal provided 59%. These 

numbers indicate a better case than 2008, where 

fossil fuels represented 92% of total energy 

consumption and coal provided 72% of this amount 

(The BP Statistical Review, 2020). 

Historically, China has been dependent on coal, 

and 50% of the used coal is utilised in power 

generation (Yuan, 2018).  Between 2007 and 2011, 

policies such as energy intensity reduction and 

binding target for CO2 intensity curbed the upward 

trend of coal consumption (Cao & Karplus, 2014; 

Song & Zheng, 2012; Tang, Jin, McLellan, Wang, 

& Li, 2018). These policies led the way for coal 

consumption to approach zero growth gradually 

and even declining between 2012-2014 (Tang et 

al., 2018). 

The recent World Energy Outlook Report, IEA 

(2018), reconfirmed China’s coal consumption 

decrease. The report attributed that to the policy 

goal of improving urban air quality, backed up by 

coal-to-gas substitution in the industrial and 

residential sectors, a drive for renewables power 

generation, and ongoing economic restructuring. 

In eleven years, renewable energy sources provided 

9% of China’s energy, where hydro contributed 

79% of this amount. Energy consumption from 

combined renewable energy sources increased by 

159%, corresponding to 12% of the total 

consumption in 2018. The use of non-hydro 

renewable energy sources (solar, biofuels, biomass, 

and wind) increased 1680% (4% of the total 

consumption in 2018).  

According to the International Energy Agency 

(IEA, 2018), renewable energy would begin to 

replace coal in power generation in the 2020s and 

will provide 40% of electricity by 2040. Renewable 

energy investment will increase from $300 billion 

in 2017 to about $410 billion in 2040. Solar 

photovoltaic (PV) accounts for around 35% of total 

investment in power generation. However, on 

average, these sources accounted for only 1.9% of 

the total consumption in eleven years.  

While nuclear energy represented a fractional share 

in China’s energy consumption in 2008 (0.7%), it 

more than doubled its slice by 2018 and provided 

approximately 2% of the total consumption. 

China set an ambitious goal to reach carbon 

neutrality by 2060, stated that by the president of 

China, H.E. Xi Jinping, at the 75th session of the 

United Nations General Assembly when he said: 

“We aim to have CO2 emissions peak before 2030 

and achieve carbon neutrality before 2060” 

(China’s Ministry of Foreign Affairs Website). 

 

The Case of the United States 

Only the United States successfully confined its 

total energy consumption among the studied 

countries during the study period. Its total energy 

consumption increased only by 1% in eleven years.  

Oil remained the country’s primary energy source, 

and the consumption from oil source saw no 

change in its share (39% in 2008 and 2018).  

However, the United States significantly reduced 

its energy consumption from coal by 41% and 

increased its consumption from gas by 30%. In 

2008, coal met 24% of the country’s energy 

demand, whereas this number regressed to 14% in 

2018, indicating a drop in domestic demand. By 

contrast, the share of energy consumption from gas 

rose from 24% (2008) to 31% (2018) (The BP 

Statistical Review, 2020). 

The fundamental cause of this shift away from coal 

to other sources, according to most analysts, is on 

the one hand due to the technical advancement in 

shale gas extraction (hydraulic fracturing), resulting 

in a decline in natural gas prices. On the other 

hand, renewables are gaining more market share. 

The cost of producing electricity from renewable 

sources (wind and solar) is steadily decreasing 

(Mendelevitch, Hauenstein, & Holz, 2019; 

Schlissel, Sanzillo & Feaster, 2018). 

The United States cut down its dependency on 

fossil fuels by only 3% as a share of total energy 

consumption; in 2018, fossil fuels accounted for 

84% of the used energy. The country also lowered 

its use of nuclear energy by 6%, but it still 

corresponded to 8% of total energy consumption in 

2018. 

Notably, the United States increased energy 

consumption from renewable energy sources. The 

use of energy from solar, biofuels, biomass, and 

wind sources rose by 161%. Overall, with a slight 

increase, energy consumption from renewables 

accounted for 8% of the total in 2018, from 5% in 

2008.  

And on his first day in office, US President Joe 

Biden re-joined the Paris Agreement and set 

aspiring goals for a net-zero economy by 2050 (The 

White House, Statements and Releases). 
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The Case of India 

In recent years, India’s energy sector grew rapidly. 

Its total energy has been increasing at an overage of 

5% per year, accumulating a 66% total increase 

between 2008 and 2018. 

In 2018, India overtook the United States to 

become the world’s second-largest coal consumer 

after China, with 71% growth in coal consumption 

from 2008. Oil and natural gas consumption 

increased by 59% and 45%, respectively.  

To meet its growing energy demand, India relied 

heavily on fossil fuel (mainly coal followed by oil 

and natural gas) 91.8% of its total energy 

consumption comes from fossil fuel (The BP 

Statistical Review, 2020).  

India’s fossil fuel reserves are small, and it is not 

geographically close to any major supply sources, 

rendering it vulnerable to geopolitical and 

geoeconomics shocks. As a result, renewable 

energy is seen as a feasible option to reduce that 

danger, as in terms of renewables, India has 

significant potential in the wind, solar, and 

biomass-based energy, which, if properly utilised, 

can help meet the country’s rising energy demand 

(TERI, 2015). 

While nuclear energy consumption saw an increase 

of 141%, renewable energy consumption grew by 

78%, comprising a 348% increase in solar, 

biofuels, biomass, and wind; and 14% in hydro. 

But renewable accounted for only 3.3% of the total 

energy consumption in 2018.  

India did not set for itself a carbon-neutral target. 

Instead, it is sticking to the Paris agreement in its 

Intended Nationally Determined Contribution 

(INDC) to take a more environmentally 

sustainable, safer direction in its economic 

development and to reduce its carbon footprint by 

33-35% from its 2005 levels by 2030 and achieve 

around 40% cumulative electric power installed 

capacity from non-fossil fuel-dependent energy 

resources by 2030 (India’s Intended Nationally 

Determined Contribution). 

 

The Case of Russia 

After China, the United States, and India, Russia is 

the world’s fourth-largest consumer of primary 

energy. Fossil fuel dominated Russia’s total energy 

consumption and the total energy consumption 

increased by 6%. Natural gas, oil, and coal made up 

53%,  21%, and 13%, respectively, of the total 

energy consumption on average between 2008 and 

2018. 

Among the primary energy sources, only coal 

consumption decreased by 14%, while oil and 

natural gas increased by 12% and 8%, respectively. 

And an 18% increase in nuclear energy 

consumption by 2018 (The BP Statistical Review, 

2020). 

In 2018 the total share of renewables (including 

hydro, solar, wind, biomass, and geothermal) was 

5.7% of Russia’s primary energy consumption. It 

was dominated by hydropower. Excluding 

hydropower, renewable energy made up only 

0.02% of the total energy consumption. Russia has 

the capacity to increase its share of renewables to 

11.3% of the final energy consumption by 2030, 

according to the International Renewable Energy 

Agency IRENA (2017). 

In 2015 as a part of the Paris Agreement’s 

implementation, the Russian Federation announced 

a target for reducing greenhouse gas emissions, 

which calls for a 70% reduction in emissions by 

2030 compared to 1990 levels. But in 2020, in a 

technical review, Russia officially submitted an 

amended Nationally Determined Contribution NDC 

target to the United Nations Framework 

Convention on Climate Change (UNFCCC). The 

new goal is to reduce at least 30% below 1990 

levels, considering forest absorption potential to the 

fullest extent possible. (Nationally Determined 

Contribution of The Russian Federation, 2015; 

United Nations FCCC/TRR.4/RUS, 2020). 

 

The Case of Japan 

Japan saw a 13% decrease in its total energy use 

between 2008-2018. The key explanation for this is 

Japan’s focus on energy efficiency improvements 

for automobiles and trucks and industrial and 

heating processes. (IEA, 2019). 

Japan relied primarily on fossil fuel (oil, gas, and 

coal) to fulfil its energy consumption but managed 

to reduce oil and coal consumption by 22% and 

2%, while gas consumption increased by 17%. All 

changes were in 2018 compared to 2008. 

Following the 2011 earthquake and tsunami, the 

Fukushima nuclear power plant events marked a 

significant change in Japanese nuclear energy 

consumption and the shift towards renewables 

(Kucharski & Unesaki, 2017). Nuclear energy in 

2011 accounted for 8% of the final energy 

consumption, and it had decreased drastically to 

account only for 2% in 2018. Renewable energy 

made up 4.7% of the total energy consumption in 

the same year. Also, renewable energy 

consumption increased by 247% in 2018 compared 

to 2008. 

Japan increased the share of renewables from the 

total energy consumption from 5% in 2008 to 9% 

in 2018. Under the Paris Agreement, Japan’s Long-

Term Strategy declared a “decarbonised society” as 

the end goal, taking measures towards 80% 

reduction of greenhouse gas emissions by 2050 

(Japan’s Long-term Strategy under the Paris 

Agreement, 2019). 

Moreover, in the 203rd Session of the Diet policy 

Speech (2020), the Prime Minister announced that 

by 2050, Japan would strive to achieve net-zero 

greenhouse gas emissions, i.e., a carbon-neutral, 

decarbonised society (Speeches and Statements by 

the Prime Minister, 2020). 
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CONCLUSIONS 

 

The study analyses the datasets of CO2 emissions 

from fuel combustion and the total energy 

consumption by energy source for the world, 

focusing on the top five countries in CO2 emissions 

and the rest of the world. 

This study checked countries’ CO2 emissions from 

fuel combustion between 2008 and 2018 with a 

focus on the top five countries due to their high 

share of CO2 emissions compared to the rest of the 

world, noting that the same countries continued to 

be the top five countries in CO2 emissions in 2008 

and 2018.  

China, the US, India, Japan, and Russia were 

responsible for over half of the world CO2 

emissions between 2008 and 2018, rendering them 

the main contributors to climate change; these 

countries should bear some responsibility for their 

emissions. Therefore, the countries with the highest 

level of CO2 emissions should be making genuine 

efforts to reduce their emissions.  

The study found from reviewing the data that there 

was an effort from the top five countries to lower 

their consumption of energies derived from non-

renewable sources and more efforts to increase 

renewable energy sources for consumption. 

However, it seems that the top five countries are 

still relying heavily on non-renewable energy 

sources as an energy source for energy 

consumption. The majority of the top five emitters 

also established some ambitious goals to achieve 

carbon neutrality. Such plans require profound 

changes in policies and plenty of investments in 

renewable energy technologies. 
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Table 1 

The percentage of CO2 emissions per country from the world’s total emissions in 2008 and 2018, 

measured in a million tonnes of CO2 emissions (MT) 

Year 
2008 

(Mt of CO2) 

2018 

(Mt of CO2) 

Share of CO2 per country 

2008 2018 

China 6669.112 9528.21 23% 28% 

The United States 5512.513 4921.13 19% 15% 

Russia 1553.838 2307.78 5% 7% 

India 1349.162 1587.02 5% 5% 

Japan 1131.067 1080.72 4% 3% 

Rest of the World 12993.68 14088.4 44% 42% 

The World 29209.37 33513.3 100% 100% 

Source: Retrieved from the IEA (2020) database. 

 

 

 

Table 2 

The amount of CO2 emissions (MT) for the top five countries and the rest of the world. 2008 and 2018 

Year 

China 

(Mt of 

CO2) 

USA 

(Mt of 

CO2) 

India 

(Mt of 

CO2) 

Russia 

(Mt of 

CO2) 

Japan 

(Mt of 

CO2) 

Rest of the 

World 

(Mt of CO2) 

The World 

(Mt of CO2) 

2008 6669.11 5512.51 1349.16 1553.84 1131.07 12993.68 29209.37 

2009 7131.51 5120.69 1481.62 1440.68 1075.90 12541.66 28792.05 

2010 7830.97 5352.12 1572.14 1529.23 1131.76 13166.15 30582.36 

2011 8569.65 5128.18 1662.62 1604.74 1187.18 13307.10 31459.47 

2012 8818.41 4903.01 1805.25 1607.95 1226.60 13444.73 31805.96 

2013 9188.38 5038.52 1860.98 1568.53 1234.09 13480.15 32370.66 

2014 9116.34 5046.56 2027.39 1551.61 1193.26 13453.41 32388.57 

2015 9093.30 4928.61 2036.88 1534.46 1155.56 13616.73 32365.54 

2016 9054.48 4838.48 2070.87 1510.56 1145.42 13754.89 32374.69 

2017 9245.58 4761.30 2190.82 1536.77 1125.50 13977.45 32837.42 

2018 9528.21 4921.13 2307.78 1587.02 1080.72 14088.39 33513.25 

%Change 43% -11% 71% 2% -4% 8% 15% 

Mean 8567.81 5050.10 1851.41 1547.76 1153.37 13438.57 31609.03 

Source: Retrieved from the IEA (2020) database. 

 


