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Abstract. In December 2015 (Paris Agreement) 174 countries and the 

European Union agreed to reduce their greenhouse gas emissions (GHG) to 

limit the global average temperature increase to well below 2°C above pre-

industrial levels. As electricity generation produces about 40% of the world‘s 

CO2 emissions, this energy sector is at the centre of technological efforts to 

reduce carbon emissions. This transition has been called decarbonisation (or 

decarbonization) of the electric power sector. An ambitious sustainable 

scenario for the 21st century involving many uncertainties. Meeting these 

climate goals means reducing the carbon intensity of the electricity power 

sector by as much as a factor of ten. The UN Climate Action Summit (New 

York, 2019), succeeded in focusing the attention of world leaders, the private 

sector and civil society, on the urgency for action to address the climate 

emergency. This review contains a number of recent studies that revealed the 

extreme climate change outcomes requiring near‐total decarbonization of the 

world's energy system with 50–90% reductions in energy‐related CO2 

emissions required by 2050. Studies take into account the projected economic 

and population growth in the next 30 years meaning that the global energy 

system must deliver roughly twice as much energy as today. The US and 

China are the first two countries with the biggest electricity power sectors on a 

global scale with more than 60% of electricity produced by fossil fuels. But 

there are promissing recent trends.The rapid cost reductions in renewable 

energy sources (wind, solar, tidal and others) and advances in storing energy 

and digital technologies for distribution are opening huge opportunities for 

cheaper renewable energy transitions. Although the share of renewables in 

global electricity generation reached 26% in 2018, renewable power still 

needs to expand significantly to meet the Sustainable Development Scenario 

of at least 50% of global energy generation with renewables by 2030. In 

conclusion, the energy sector (responsible for 2/3 of global GreenHouse 

Gases) must be at the core of efforts to prevent emissions from the electricity 

power sector. 
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Introduction: global electricity demand and energy sources 
 

Global production of electricity in 2017 was 25,570TWh. The share of 

electricity in global energy consumption reached 20% in 2018. Despite the 

unprecented increases in renewable energy sources for production of 

electricity, coal and natural gas still are used to produce around 60% of global 

electricity. Breaking down data, global electricity from various sources: 

a. Coal, lignite (brown coal) and peat (also known as turf, an accumulation 

of partially decayed vegetation) produced 38 % of electricity in 2017,  

b. natural gas (methane, CH4) 23%,  

c. hydroelectric power 16% (considered as the most important renewable 

energy but with technical and environmental problems)  

d. other renewable energy sources (RES, solar, wind, geothermal, sea tidal 

sources) 9% (total RES, 25%),  

e. nuclear power 10%, and (energy with no emissions of CO2) 

f. petroleum oil 4%.  

But in the last decade there are already hopeful signs for dramatic 

changes and investment in renewable energy sources for electricity 

production. According to the International Energy Agency (IEA) for the first 

time, natural gas (CH4) overtook coal use to become the leading source of 

electricity in the OECD countries in 2018 (36 of the most advanced industrial 

countries), accounting for 27% of the mix compared to 25% for coal. 

Meanwhile, the combined contribution of all renewable sources was also 

responsible for 27% of global electricity generation, led by hydropower 

(13.8%), then wind power (7.0%) and solar (3.0%).1 

In terms of emissions of CO2 from various energy sources, estimates 

showed that global electricity generation produces about 40% of the world‘s 

CO2 gas emissions [around 33 Gigatonnes (Gt) in 2018]. Scientific advances 

of the last decade and massive worldwide investment promoted promissing 

renewable energy sources with zero carbon emissions. This sector is at the 

centre of scientific efforts to reduce globally CO2 emissions, the most 

important green house gas and important contributor to rising temperatures 

contributing to climatic change on a global scale. So, the question is, can 
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renewable energy sources produce in 30 years (by 2050) the total of the 

global electricity needs for humankind.  

 

Figure 1. Global data for electricity from International Energy Agency (IEA) 
www.iea.org . Total global demand for electricity was up 2.1% in 2017 from 
2016 mainly by an increased consumption by China and India. The increase 
in renewable energy sources in the last decade was unprecented in China, 
India, USA, Japan and in some countries of the EU (Germany, United 
Kingdom, Spain Italy, Belgium, Denmark, etc).  

 

 

Also, electricity from nuclear power is a source that does not contribute 

to CO2 emissions. In 2018 a limiterd number of countries (12) produced 

around 25% of their electricity from nuclear power. France produces around 

75% of its electricity from nuclear energy; Hungary, Slovakia and Ukraine get 

more than 50% of their electricity from nuclear power, Belgium, Sweden, 

Slovenia, Bulgaria, Switzerland, Finland and Czech Republic get 33% or 

more. South Korea gets more than 30% of its electricity from nuclear, while in 

the USA, UK, Spain, Romania and Russia about 20% of electricity comes 

from nuclear energy. Finally, Japan is relying on nuclear power for more than 

25% of its electricity. At present there are 454 nuclear reactors on Earth 

supplying electric power for 31 countries around the world. In 2017 the world's 

nuclear reactors supplied 2,506 billion kilowatt hours (TWh), of electricity, 

representing around 10% of global electricity consumption.2  

In December 2015, (Under the Paris Agreement) 174 countries and the 

28 European Union countries agreed to reduce their greenhouse gas 

emissions (GHG) to limit the global average temperature increase to well 

http://www.iea.org/


 

4 

 

below 2°C above pre-industrial levels. As electricity generation produces 

about 40% of the world‘s CO2 emissions, this sector will be at the centre of 

efforts to reduce carbon emissions. Meeting these ambitious climate goals 

means reducing the carbon intensity of the electric power sector by as much 

as a factor of ten. At the same time, scientists propose an increasing 

electrification of industrial operations, use of electric transport vehicles and 

trucks, extent use of electricity in buildings for energy needs. All these 

transformations will only further reinforce the pivotal role of electricity 

generation and reduction of GHG emissions. So, it is crucial in the future that 

the electricity being used comes from renewable energy sources with zero 

GHG emissions.  

 

Figure 2. The Paris Agreement was an agreement within the United Nations 

Framework Convention on Climate Change (UNFCCC), dealing with 
greenhouse-gas-emissions (GHG) mitigation, adaptation, and finance, signed 
in 2016. The agreement was negotiated by representatives of 196 states. As 
of November 2019, 195 UNFCCC members have signed the agreement, and 
187 have become party to it.  
 

 

After three years of stability, global carbon dioxide (CO2) emissions 

from fuel combustion restarted growing in 2017, reaching 32.8 billion tons of 

CO2, and provisional data show they grew even faster in 2018. The major 

countries and regions responsible for emissions were: China (the People‘s 

Republic of China and Hong Kong, China)  (28%), the United States (14%), 

the European Union as a whole (10%), India (7%), the Russian Federation 

(5%), Japan (3%), Korea (2%), Canada (2%), Indonesia (2%) and Iran (2%). 

[International Energy Agency (IEA), global CO2 emmisions from fuel 

combustion http://energyatlas.iea.org/#!/tellmap/1378539487]. 

https://en.wikipedia.org/wiki/United_Nations_Framework_Convention_on_Climate_Change
https://en.wikipedia.org/wiki/United_Nations_Framework_Convention_on_Climate_Change
https://en.wikipedia.org/wiki/United_Nations_Framework_Convention_on_Climate_Change
https://en.wikipedia.org/wiki/Climate_change_mitigation
https://en.wikipedia.org/wiki/Climate_change_adaptation
https://en.wikipedia.org/wiki/Finance
https://en.wikipedia.org/wiki/Party_(law)
http://energyatlas.iea.org/#!/tellmap/1378539487
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The United Nations Climate Action Summit 2019 
 

In the last decade global CO2 and other greenhouse gases emissions 

are reaching record levels and showing no sign of peaking. In 2019 UN 

Secretary-General António Guterres called on all leaders to come to New 

York on 23 September 2019 for the Climate Action Summit with concrete, 

realistic plans to enhance their nationally determined contributions by 2020, in 

line with reducing greenhouse gas emissions by 45% over the next decade, 

and to net zero emissions by 2050. 

The UN Climate Action Summit, and the Climate Youth Summit (2019), 

succeeded in focusing the attention of world leaders, from government, the 

private sector and civil society, on the urgency for action to address the 

climate emergency, and on increasing climate action. Countries were also 

asked to present concrete and realistic plans compatible with these goals that 

will be a transformative climate action that would make change in the world. 

The Summit featured the full participation of governments, business leaders, 

subnational actors, indigenous peoples, youth and other civil society 

stakeholders, who, together, was critical to raising ambition for climate 

mitigation and adaptation. 

 

 

Figure 3. In order to implement the Paris Agreement on Climate Change, the 

United Nations Secretary-General, António Guterres, called for the 2019 
Climate Action Summit on 23 September 2019 in New York. The UN summit 
was for leaders who would only get to speak if they have plans in line with 
goals of restricting temperature increases of 1.5°C and gathered various key 
stakeholders such as national or subnational government, philanthropic 
organization, or private sector actors to support the ambitious actions on 
climate change. Also on the 21 September 2019, the Youth Climate Summit 
took place in New York as part of a weekend of events. 
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The transition to near-total energy decarbonisation 
(decarbonization) 
 

Indroduction of renewable energy sources for electricity production is 

the transition that has been called decarbonisation with promissing results. 

―Deep Decarbonisation‖ can be achieved by drastic changes of the energy 

system in three steps. First, employ energy efficiency to the maximum degree 

to reduce energy needs in industry, transport, buildings, etc. Second, urgent 

indroduction of renewable energy sources that produce electricity with 

minimum CO2 emissions. Third, transformation of the clean electricity into 

energy for other sectors. In the last years many countries fostered vigorous 

investment in low-carbon technologies for electricity production. Where 

hydroelectric power is constrained by natural resource endowments, the main 

alternatives are solar, wind, tidal and nuclear technology. Given that low 

carbon power generation technologies typically require massive investments, 

it is of paramount importance to boost investor confidence and promote 

proactive policies to facilitate a ―fair transition‖ for affected businesses and 

households, particularly in vulnerable regions and communities.3-5 

A variety of recent studies concluded that avoiding extreme climate 

change outcomes may require near‐total decarbonization of the world's 

energy system during this century, with 50–90% reductions in energy‐related 

CO2 emissions required by 2050. Studies take into account the projected 

economic and population growth in the next 30 years meaning that the global 

energy system must deliver roughly twice as much energy as today, while 

simultaneously achieving very deep reductions in CO2 emissions. Scientists 

agree, in prospective scenarios, that this is an unprecedented undertaking 

that needs advanced technological developments in renewable electricity 

production with zero carbon emissions. A number of organizations and 

researchers have published prospective scenarios for 21st century low‐carbon 

energy system transformations. A recent review collected and analyse 17 

studies with future decarbonisation scenarios.These studies are selected so 

as to include diverse examples of 4 different approachers. The basic question 

is their feasibility.6-8 
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But the majority of experts on decarbonisation agree that the electricity 

power sector must fall nearly to 90% reduction of CO2 emissions by 2050 to 

achieve climate policy goals. Investigations on greenhouse gas emissions 

reduction goals consistently envision that the elctricity sector is able and must 

reduce emissions faster than other sectors of the economy, such as industrial 

sector, transportation, heating and agriculture. A detailed comparison of 

global decarbonization research performed by 18 modeling groups concluded 

that ―the electricity sector must be decarbonized first with close to zero or net 

negative emissions in 2050.‖ Another study compared models of deep carbon 

reductions in the California economy and found that ―because some sectors 

cannot be electrified or are difficult to decarbonise (or decarbonize, e.g., 

aviation, marine, heavy duty road freight, agricultural fertilizer, etc.), GHG 

emissions from the electricity grid will likely need to be reduced beyond 80%‖ 

below 1990 levels by 2050.9-12 

 

Figure 4. 2050 EU Energy Roadmap Scenarios. European Commission 
Energy Roadmap 2050: The European Council fixed the objective in 2009 to 
reduce Green House Gases (GHG) by 80-95% in the EU in the context of the 
necessary reductions of industrialised countries as a group – aiming at limiting 
global warming to 2°C. 
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The European Union has set out to reduce the carbon intensity of its 

electricity generation substantially, as defined in the European Energy 

Roadmap 2050. All future foresights towards decarbonization target 

investment decisions in the European Union electricity sector. Incorporating 

the climate targets makes the investment into any additional fossil capacity 

uneconomic from 2025 onwards, resulting in a coal and natural gas phase-out 

in the 2040s. Using a CO2 budgetary approach, on the other hand, leads to an 

even sharper emission reduction in the early periods before 2030, reducing 

overall costs. Studies conclude that renewable energy sources can carry the 

major burden of decarbonisation; whereas nuclear power (3rd or 4th 

generation) is unable to compete with other fuels and will, therefore, be 

phased out over time.13 

 

Can we achieve zero emissions in the electric power sector? 
 

Scientists agree that there are major challenges for cutting emissions 

of greenhouse gases (GHG) nearly to zero in the electricity sector by mid-

century (2050), while expanding to electrify and consequently decarbonize a 

much greater share of other sectors (such as transport) of global energy use. 

A great number of recent studies (40) in the last 5 years were published 

outlining pathways to ―deep decarbonisation‖ of the power sector (80%–100% 

reduction in CO2 emissions from current level). A recent review noticed that 

despite differing methods, scopes, and research questions, several consistent 

insights emerge from these 40 studies. The first path to decarbonize the 

electricity sector relies primarily on renewable energy sources (chiefly wind 

and solar power), which is going to be supported by energy storage, greater 

flexibility from electricity demand, and continent-scale expansion of 

transmission grids. The second path to decarbonise relies on a wider range of 

low-carbon resources including wind and solar as well as ―firm‖ resources 

such as nuclear, geothermal, biomass, and fossil fuels with carbon capture 

and storage. But whichever path is used to produce electricity, the near-zero 

emissions is very challenging—and probably requires additionally a set of low-

carbon resources (natural gas-fired power plants).14 

https://www.sciencedirect.com/topics/engineering/renewable-energy-source
https://www.sciencedirect.com/topics/engineering/geothermal
https://www.sciencedirect.com/topics/engineering/biomass-fuels
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The involvement of technological achievements in the renewable 

energy sector is assessed continouously by various models. The scientific 

literature contains a large number of energy-economic and integrated 

assessment models. One of the models is from the Stanfort University (USA), 

called Stanford Energy Forum Study 27 (EMF27), driven by a model-

comparison of 18 energy-economy and integrated assessment models. The 

EMF27 investigates the importance of individual mitigation options, such as 

energy intensity improvements, carbon capture and storage, use of nuclear 

power, solar panels, wind turbines and bioenergy for reducing CO2 emissions 

and reducing global temperaute increases due to climate mitigation. The 

technology strategy articulated in all the scenarios in EMF27 includes three 

elements:  

a. decarbonisation of energy power sector supply,  

b. increasing the use of low-carbon energy carriers in end-use, and 

c. reduction of energy use by new technological and practical advances in 

economical directions.  

The way that the scenarios differ is in the degree to which these 

different elements of strategy are implemented, the timing of those 

implementations, and the associated macroeconomic costs. The study also 

discusses the value of individual technologies for achieving climate 

stabilization. A robust finding is that the unavailability of carbon capture and 

storage and limited availability of bioenergy have the largest impact on 

feasibility and macroeconomic costs for stabilizing atmospheric 

concentrations at low levels, mostly because of their combined ability to 

remove carbon from the atmosphere. Constraining options in the electric 

sector such as nuclear power, wind and solar energy in contrast has a much 

smaller impact on the cost of mitigation.15 

 An overview of the EMF 27 study on global technology and climate 

policy strategies used an inter-comparison of 18 energy-economy and 

integrated assessment models and the importance of individual mitigation 

options. The results revealed that limiting the atmospheric greenhouse gas 

concentration to 450 or 550 ppm CO2 equivalent by 2100 would require a 

drastic decarbonization of the global energy system in the 21st century with 
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special emphasis on the fast decarbonisation of the relectricity power sector, 

unlike the trasport secotr which is more difficult.  The overview found that 

technological advances are key elements of climate mitigation. The 

importance of individual low-carbon electricity technologies is more limited 

due to the many alternatives in the sector. Carbon capture technologies and 

energy from biomass are more promissing in mitigation of climate change.16-18 

 

Can the US and China achieve economy-wide decarbonisation 
of their electric power sectors? 

 

The electricity power sectors in China and in the USA are the world's 

largest electricity producers. China passed US in 2011 after rapid growth of 

electricity sector since the early 1990s. Most of the electricity in China comes 

from coal, which accounted for 66% of the electricity generation mix in 2016. 

In 2018 the USA generated about 4,171 billion kilowatthours (kWh) of 

electricity. About 64% of this electricity generation was from fossil fuels (coal, 

natural gas, petroleum, and other gases), 19% was from nuclear energy, and 

about 17% was from renewable energy sources. 

In the last decade renewable energy is growing very fast in the US and 

in China, but too slowly to meet climate goals in the near future. Meanwhile, 

climate scientists warn that we are running out of time to reduce greenhouse 

gas emissions in those two global producers. The world has just 11 years to 

cut emissions by 45%, and must achieve carbon neutrality by 2050 to prevent 

temperatures from rising more than 1.5o degrees C. This necessitates 

immediate action and an economy-wide decarbonization program on an 

unprecedented scale. When scientists talk about 1.5 degrees (1.5o C) of 

warming they mean increase in the Earth‘s average temperature which is from 

a baseline average temperature in the mid-to-late nineteenth century – when 

the Industrial Revolution swung into high gear and people began burning 

fossil fuels on an unprecedented level.19  

The Aspen Institute in the USA is an international nonprofit 

organization (think tank, non partisan forum) founded in 1949 as the Aspen 

Institute for Humanistic Studies with headquarters in Washington DC and 

campuses in various parts of the U.S and partner insitutes in various capitals 
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of the world. The institute is largerly funded by the Carnegies Corporation, 

Gates Foundation, Ford Foundation, etc. In 2019 Aspen Institute Winter 

Energy Roundtable, February 25-28, gathered around 50 executives, 

entrepreneurs, policy makers and thought leaders to discus practical options 

of how to tackle the crucial problem of achieving economy-wide 

decarbonization of energy sectors in the USA, while ensuring national 

economic competitivenes. During these discussions, the participants agreed 

that there are five basic elements necessary to decarbonize the U.S. energy 

system:20  

a. employ energy efficiency to the maximum degree;  

b. decarbonise the electricity supply;  

c. electrify other sectors as much as possible, including heat, transportation, 

and industrial processes;  

d. use of zero-carbon fuels [or carbon-neutral fuels are synthetic 

hydrocarbons produced with CO2, which can be captured from power 

plants or the air, and hydroge (H2), which is created by the electrolysis of 

water using renewable energy]. for areas that cannot be effectively 

electrified; and, 

e. use carbon capture, utilization, and storage and CO2 removal for areas 

where fossil fuels are still needed and for achieving negative emissions.20 

 

Figure 5. In 2019 the Aspen Institute Energy and Environment Program  

gathered diverse thinkers to address critical energy, environmental, and 
climate change issues through non-partisan thinking  with the specific intent of 
bringing together diverse stakeholders to improve the process and progress of 
policy-level dialogue in the USA. 

 

The Executive Summary of the Aspen Institute report described the 

basic conclusions from the meeting. The delegates concluded that deep 
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decarbonisation in the U.S. must focused whether the goal is 100% 

renewables (mostly solar and wind) or to focuse on 100% zero-carbon (to use 

also other means of electricity production). Studies looking at deep 

decarbonization scenarios for the grid have generally found that the 

availability of some kind of firm, zero-carbon power (e.g., nuclear, hydro, 

geothermal, biomass, fossil with carbon capture, use of hydrogen, long-

duration storage) reduces the costs and risks of decarbonization, particularly 

as the penetration of variable renewable power production increases with 

time. The USA is still at very low levels of use of renewable energy sources 

and probably needs additionally zero-carbon dispatchable resources. Still, 

large corporate buyers in the USA, who have been among the biggest drivers 

of clean energy in recent years, have focused their purchasing almost 

exclusively on renewables power resources. This is partly because wind 

turbines and solar panels are easier in terms of public opinion, the risks of 

Non-Governmental Organizations (NGO) criticism, and accounting, but it is 

also partly due to the fact that most companies are seeking only to match their 

amount of energy usage, not to actually power their facilities continuously 

from zero-carbon power sources.20 

While much of the decarbonisation focus in the USA tends to be on the 

electricity production sector, transportation (private vehicles, heavy trucks, 

trains, marine and air travel) has surpassed electricity as the largest 

contributor of GHG emissions in the United States. Transportation comes first 

and is responsible for 29% percent of greenhouse gas emissions, Electricity 

production 27.5% of GHG emission, Industrial; production contributes to 22 % 

of GHG, Commercial and Residential energy consumption is responsible for 

11.6% of GHG , Agriculture 9% and Land use and forestry 11% of GHG. The 

transportation contributes the largest percentage (36%) of CO2 emissions 

from fossil fuel combustion, with electric power second at 35% (2018).21  

The participants in the Aspen Institute meeting focused on the various 

aspects of decarbonization. They suggested that light-duty vehicles (private 

transport) can be decarbonized by changing into battery electric vehicles 

(EVs), sales of which are growing rapidly in the U.S. But until now it is a slow 

process. In 2018 there were 1 million EVs in the U.S. roads and is projected 

https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions#transportation
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions#electricity
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions#electricity
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions#electricity
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions#commercial-and-residential
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions#agriculture


 

13 

 

to reach no  more than 18 million by 2030, which will be only 7% of the 259 

million vehicles (cars and light trucks) expected for the next 10 years. Major 

U.S. manufacturers have announced plans to convert their fleets from internal 

combustion engines to electric (with big changes in deployment of charging 

infrastructure, policy incentives, etc). With regard to medium- and heavy-

duty vehicles, there are many technological and operational opportunities for 

improving truck efficiencies, and batteries and hydrogen fuel cells could be 

options for decarbonizing trucks‘ energy needs. Air travel is where 

transportation fuel use is growing fastest, and there are opportunities for both 

incremental and transformational improvements in airplane efficiency, 

including better engines, design modifications to wings and propulsion 

systems, and reducing weight by using more carbon-fiber in frames. Finding 

low- and zero-carbon fuels for aviation will also be important, and batteries 

(for short-haul and potentially medium-haul trips), liquid hydrogen, and 

biofuels are all possibilities.20  

The industrial sector (contributes 22% of greenhouse gases 

emissions) for a long time is promoting the use of renewable energy sources. 

There are potential decarbonization solutions that cut across industrial 

sectors, such as more efficient motors, industrial carbon capture technologies, 

electrification, and zero-carbon hydrogen as energy fuel.There are also 

demand-side ways to lower industrial emissions by reducing energy needs. 

Carbon capture technologies (CCT) can help decarbonize both the power and 

industrial sectors, though the particular capture technologies used (e.g., 

oxycombustion, solid sorbents).20 

Carbon Dioxide Removal (CDR) solutions could include both biological 

approaches, which store carbon in forests, soils, and ecosystems, and 

engineered approaches such as direct air capture (DAC) which use chemical 

processes. Captured CO2 can also be stored underground – the United States 

has plenty of geological storage capacity. Scientists agree that to advance 

decarbonization of all these energy sectors and address the many difficult 

issues that deep decarbonisation will raise, there is a need for new, broader, 

smarter, more significant policy and advannced technological approaches.20  
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Trends in global energy transition to decarbonisation  
 

In the last decade the global energy sector is undergoing a rapid and 

radical transition in the way electricity is produced, distributed and consumed. 

The shift in renewables resources is motivated by the urgency to ensure 

secure energy supply, achieve sustainable development and limit climate 

change with rising temperatures and droughts in many areas. Scientists urge 

for a faster transition to a cleaner and more efficient energy system is key to 

achieving the global goal of the Paris Agreement, to limit global temperature 

rise to well below 2°C, aiming for 1.5°C.22 

The rapid cost reductions in renewable energy sources in the last 

decade (wind, solar, tidal and others) and advances in storing energy and 

digital technologies for distribution are opening huge opportunities for 

affordable and even cheaper than fossil fuels renewable energy transitions. 

According to the International Energy Agency (IEA) wind turbines and solar 

photovoltaic panels can provide more than 50% of global energy by the 2030. 

Also, natural gas (CH4) which represents a low-carbon source has been 

boosted in the last decade by rising trade in liquefied natural gas (LNG), 

accounting for another 30% of global energy consumption of the additional 

electricity to 2040. The percentages are the results calculated in studies for 

the Stated Policies Scenario and almost all the global energy growth in the 

Sustainable Development Scenario (SDS). The SDS is an integrated scientific 

approach for universal energy access, while also achieving climate goals and 

reducing air pollutant emissions. Studies showed that petroleum oil use for 

energy will flattens towards the 2030s and coal use with decrease slowly 

(some countries like India, China, USA, Australia still have cheap coal 

resources). IEA experts believe that the momentum behind renewable energy 

technologies is not enough to offset the effects of an expanding global 

economy and growing population. But the rise in carbon emissions will slow 

substantially, with no peak before 2040, the world falls far short of shared 

sustainability goals. The IEA‘s Sustainable Development Scenario has 

outlined a major transformation of the global energy system, showing how the 

world can change course to deliver on the three main energy-related 
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Sustainable Development Goals simultaneously (access to affordable, 

reliable, sustainable energy for all, ensure jobs security, climate change, food 

production or increasing incomes, where access to energy for all is 

essential).23 

The report on World Energy Outloook 2019 (WEO2019) for the IEA is 

one of the most comprenhensive reports for the present energy sources and 

the future energy prospects under the urgency of global rising temperatures 

and dangerous conditions in the global forests (devastating fires in the 

Amazon rainforest, catastrophic fires in Australia, fires in Indonesia, Siberia 

wildfires, Sub-Sahara Africa forest fires in Angola, Zambia and DR Congo).24 

The WEO2019 revealed that in 2018, renewable electricity generation 

rose by 7% (from the previous year), with wind and solar PV technologies 

together accounting for 60% of this increase. Although the share of 

renewables in global electricity generation reached 26% in 2018, renewable 

power as a whole still needs to expand significantly to meet the Sustainable 

Development Scenario share of at least 50% of global energy generation by 

2030. This requires higher rates of annual capacity additions to accelerate; 

However, it is worth mentioning that renewable energy capacity growth didi 

not incerase as much in 2018 for the first time since 2001.24 

Although the big global picture is very promissing more is needed to be 

done if the global rising temperatures need harnessing to low rates. Electricity 

generation from renewables continued to grow in 2018 with output up by 450 

terawatt-hours (TWh) (or 7%) compared to the previous year, accounting for 

more than a quarter (25%) of total power generation. Growth in output from 

solar PV, wind and hydro accounted for 90% of this increase. Renewable 

energy sources (RES) account for the majority of capacity additions including 

80% of additions in the European Union and China, but less than 50% of 

additions in Southeast Asia and the Middle East. Solar PV provides the 

largest share of renewable capacity additions. Offshore wind has the technical 

potential to meet today‘s electricity demand many times over. It is a variable 

source of generation, but offshore wind offers considerably higher capacity 

factors than solar PV and onshore wind thanks to ever-larger turbines that tap 
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higher and more reliable wind speeds further away from shore. There are 

promissing innovations including floating wind turbines.24 

Offshore wind turbines have been proved very good investment for 

high energy output. Increasingly cost-competitive offshore wind projects 

(windfarms) are on course to attract a trillion dollars of investment in the next 

10 years with prospects for high contribution to electricity production in 2040. 

Europe‘s success with the technology has sparked interest in China, the USA 

and elsewhere. In the world Sustainable Development Scenario, offshore 

wind rivals its onshore counterpart as the leading source of electricity 

generation in the European Union, paving the way to full decarbonisation of 

Europe‘s power sector.24 

Offshore wind turbines are rapidly becoming the lowest-cost form of 

large-scale electricity generation. The United Kingom (UK, England, Scotland, 

Wales, N. Ireland) is currently at the forefront of the global offshore wind 

market. Floating wind turbines are set to become a major contributor to global 

offshore wind capacity over the coming decades. Ddeployment of floating 

wind turbines already has influenced the development of a sustainable 

industry supporting large-scale employment and exports. Floating wind is an 

important counterpart to fixed offshore wind turbines.25 

 

  

 

Figure 6. Global floating offshore windfarms will provide as much as 18.9 GW 
capacity of electricity by 2030. The world's largest floating wind turbine just 
went online (January 2020) off the coast of Portugal. WindFloat Atlantic will be 
able to provide enough clean energy for around 60,000 homes.  
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Nordic countries in Europe and their goals of renewable 
energy policies 
 

The five Nordic countries of Denmark, Finland, Iceland, Norway and 

Sweden have admninister for a long time very advanced climate and 

renewable energy policies and are largely on track in their decarbonisation of 

electricity power sector and heating of commercial enterprises and housing by 

low carbon resources. Their goal is to reach carbon neutral economies by 

2050 or earlier. For example, in 2019 about 83% of electricity generation in 

Nordic countries is low-carbon, of which 63% comes entirely from renewable 

sources, but further decarbonisation of electricity is essential in meeting their 

ammbitious targets of zero CO2 emissions in 30 years. According to the 

International Energy Agency and Nordic Energy Research, although 

renewable energy resources already play a substantial role in the region's 

electricity portfolio, their utilization is expected to grow rapidly between 2016 

and 2050. In the next 30 years bioenergy, electricity from burning waste, wind 

turbines, geothermal, photovoltaic solar panels (PVP) and hydroelectricity all 

must expand significantly by 2050 to reach a carbon neutral society while the 

shares of coal, fossil oil, and natural gas (CH4) will shrink.26 

In 2019 Denmark broke the world record for proportion of electricity 

produced from wind power with 47%. Denmark was the first Nordic country to 

diversify its energy production from fossil fuels by using the wird turbine power 

from the time of the oil crisis of the 1970s. In 1991, Denmark became the first 

nation to build an offshore wind farm. The Danish state electricity has a vision 

to make its electricity sector carbon free (or fossil fuel-free) by 2030. It is no 

surprise that Denmark‘s location plays a pivotal role in its production of 

onshore and offshore wind, given that it experiences strong winds coming 

from the North Sea and the Baltic Sea.27,28 

The main reason for the rising power generation from wind in Denmark 

is that the Horns Rev 3 offshore wind farm went online for few months in 

2019, located west of Denmark and can by itself cover the annual electricity 

consumption of about 425,000 households (about 20% of total Danish 

households).27 

https://www.sciencedirect.com/topics/engineering/nordic-country
https://www.sciencedirect.com/topics/engineering/international-energy-agency
https://www.sciencedirect.com/topics/engineering/bioenergy
https://www.sciencedirect.com/topics/engineering/geothermal
https://www.sciencedirect.com/topics/engineering/hydroelectric-power
https://ing.dk/artikel/alle-49-havvindmoeller-paa-plads-paa-horns-rev-3-223425
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Figure 7. 2019, Horns Rev 3 windfarm, Denmark. The offshore wind farm 

will produce 406MW situated off the west coast of Denmark. Denmark‘s 
largest offshore wind farm and increased electricity generation from wind by 
around 12%. The project will comprise of 49 wind turbines scheduled to be 
fully operational in 2020. 

  
The Danish government has set a target of being net-zero on 

greenhouse gas emissions by 2050, as part of a global strategy to combat 

climate change. The target for 2020 is that 50% of the country‘s power will be 

produced by wind energy, with a plan to completely decarbonise the electricity 

sector and stop using completely fossil fuels by 2030. The Danish 

government, like many orther countries, offers various economic incentives to 

promote the development of renewable energy projects in Denmark. It is also 

noteworthy that the share of biomass and coal in Denmark‘s electricity 

production decreased over 2018.28 

 
Sweden, Norway and renewable energy sectors 
 

The share of renewable energy (54% in 2019) used in Sweden kept 

growing in the last decade. Already in 2012 the country reached the 

government‘s 2020 target of 50% for electricity production by renewables with 

target at 100% renewable electricity production by 2040. Sweden has a rich 

supply of moving water and biomass, which contributes to the country‘s high 

share of renewable energy with zero-carbon emissions. Also, hydropower and 

bioenergy are the top renewable sources in Sweden – hydropower mostly for 

electricity production and bioenergy for heating. Bioenergy is considered as 
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energy from sunlight via photosynthesis, making ibiomass to be considered to 

as nature‘s solar batteries and can be converted into electricity, heat or 

biofuels..
29 

Wind power has been the fastest growing source of renewable energy 

around the world and wind turbines capacity expanded substantially in 

Sweden in the last decade. By the end of 2018, Sweden installed 3,681 wind 

turbines, with a capacity of 7,506 MW and an estimated annual production of 

19.8 TWh. The Swedish phtovoltaic solar cell market, though still limited, has 

begun to grow with the aid of government funding (total installed capacity 

amounted to 230 MW).30 

Norway is a major produced of petroleum and natural gas liquids 

(NGL), but produces most of its energy needs by renewable energy sources. 

Preliminary production figures for 2019 show an average daily production of 2 

million barrels of oil, NGL and condensate. Also, Norway is primarily powered 

by hydropower. Norway is the 7th largest hydropower nation in the world – 

and the largest in Europe. There are 1, 500 hydropower plants covering 

roughly 60% of Norway‘s energy needs. In Norway, 98% of all electricity 

production come from renewable energy sources. Electricity production in 

Norway is for the most part based on flexible hydropower, but both wind and 

thermal energy contributes to the Norwegian electricity production.31 

Norway, despite the vast production of petroleum fossil fuels, is 

investing in wind and solar power schemee: In the last decade renewable 

energy sources are the ones where most investments are focused. Solar 

power R&D and production has been a fast-growing sector of the global 

energy market and Norway has been ambitious investing in several solar 

technology companies. Bio fuels and biomass are also important energy 

sectors for Norway that has a total of 765 million m3 of forests.32,33 

The Nordic countries are meeting also another renewable energy 

challenge which is transportation and mobility, however, remains a pressing 

challenge.  In the Nordic countries the transport sector represents the greatest 

source of greenhouse gases, almost 40% of total CO2 emissions, which is 

higher than the global average. In the last decade the well-integrated Nordic 

regional electricity market is enabling a high penetration of renewables, for 
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instance connecting Norwegian hydro reservoirs to Danish wind farms in 

periods with a lack of demand. Besides the power and heat sector, the Nordic 

transport sector has also started a slow sustainable transition. For instance, 

the aggressive policy support for electric cars (especially in Norway) has 

recently made the Nordic region the third largest electric car market by 

volume of sales in the world, just after China and the USA. However, the 

Nordic transport sector is still far from decarbonization. Relying on a rich 

portfolio of diversified renewable energy sources and expertise.34,35 

Heating and cooling in buildings and industry account for 50% of the 

EU‘s energy consumption. 75% of heating and cooling in the EU is still 

generated from fossil fuels while only 16% is generated from renewable 

energy. In the Nordic countries, heating plays an important role in energy 

markets due to cold climate. There are many efforts in the last decade to 

make heat production and consumption energy more efficient and to decrease 

the emissions by using renewable energy resources. To identify further needs 

for cooperation within the Nordic region, the Nordic Council of Ministers 

commissioned Pöyry Management Consulting to identify the common 

approaches of the Nordic countries. All the Nordic countries have developed 

their heating and cooling systems based on local needs and resources. As a 

result, for example Norway, with its vast hydro power resources, utilizes high 

share of electricity in heating, and Iceland bases the heating on geothermal 

sources. Finland and Sweden utilize biomass from forests, and Denmark also 

uses gas. However, the Nordic countries‘ heating and cooling markets have 

several common factors, such as:  high share of renewable energy in the 

space heating and cooling and rather high level of domestic energy resources 

used for heating and cooling, such as hydropower, biomass, burning of waste 

(Sweden) geothermal energy, heat pumps and waste-to-energy.36 

In Sweden about 49% of household waste is recycled, and 

approximately 50% of solid municipal waste is incinerated in power plants. 

The heat produced from incinerated waste is transformed into steam that 

spins turbines to generate electricity much like conventional power plants. 

Also, incineration of waste supplies much of the heat during cold months for 

the country‘s nearly 10 million residents. Energy from trash equals the heating 
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demand of 1.25 million apartments and electricity for 680,000 homes. Waste  

accounts for a small portion of Sweden‘s overall power supply; hydro and 

nuclear energy generate about 83% of Sweden‘s electricity and wind 

generates another 7%.37 

The Five Nordic countries—Denmark, Finland, Iceland, Norway and 

Sweden are generating around 83% of electricity generation by low-carbon, of 

which 63% comes entirely from renewable sources. The Nordic region is the 

world leader in regional coupling of electricity grids and markets. 

Interconnectors join countries across land and sea, while a common Nordic 

spot market ensures efficient trade across subnational price zones. This 

cooperation increases security of supply, lowers system costs and facilitates 

the integration of renewables. Thanks to this, the Nordic electricity system is 

one of the world‘s most secure, affordable and renewable. 

[https://phys.org/news/2017-01-nordic-countries-energy-transition-worth.html].  

 
 
Decarbonisation in the United Kingdom’s (UK) and Germany’s 
electric power sectors 

 

Decarbonisation of electricity generation in the UK is a major part of the 

priority strategy for the reduction of CO2 emissions and is essential before 

other sectors of the economy can be successfully decarbonised. The UK is 

committed to legally binding GHG emissions reduction targets of 34% by 2020 

and 80% by 2050, compared to 1990 levels, as set out in the Climate Change 

Act 2008 [Act of UK Parliament, 2008, for 6 GHGs (Kyoto) for the 80% 

reduction by 2050, aiming for the UK to become a low-carbon economy]. 

Since 2008 the UK has cleaned up its electricity power production. Coal-fired 

power has virtually disappeared and even gas use is down by a quarter. The 

UK in the last decade produces more than 50% of its electricity from solar PV, 

onshore and offshore wind turbines, tidal turbines and nuclear power plants.38 

https://phys.org/news/2017-01-nordic-countries-energy-transition-worth.html
https://en.wikipedia.org/wiki/Decarbonisation
https://en.wikipedia.org/wiki/Electricity_generation
https://en.wikipedia.org/wiki/Climate_Change_Act_2008
https://en.wikipedia.org/wiki/Climate_Change_Act_2008
https://en.wikipedia.org/wiki/Climate_Change_Act_2008
https://en.wikipedia.org/wiki/Low-carbon_economy
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Figure 8. Distribution of renewable energy use in 2018 in the UK. Electricity 
generation, 2018 saw a 11% increase from renewable energy sources, 65% 
of this increase was due to offshore wind generation. Renewable sources also 
provided 33% of the electricity generated in the UK in 2018. On the right 
electricity generation in the UK (2018) by renewable energy source. 

According to statistical evidence UK‘s electric power system is 

decarbonising at a faster rate than any other country in the world. The UK will 

need to reduce carbon intensity by 9.7% a year if it is to meet its net zero by 

2050 goal, according to new research by PwC (PricewaterhouseCoopers, 

London). The Low Carbon Economy Index (LCEI) shows that the UK has 

achieved the highest rate of decarbonisation of any G20 country this century, 

with an average rate of 3.7% a year. However, this is still much too slow for 

the country to meet its net zero obligation. The majority of this 

decarbonisation has come from the phase-out of coal (for electricity), which 

helped the UK decarbonise at a rate of 6.9% between 2012 and 2016, and 

even reach its necessary reduction level in 2014, when the country 

decarbonised by 9.7%. Germany led the LCEI in 2018, with a decarbonisation 

rate of 6.5% (reduction in coal, oil and gas, and an increase is solar PV for 

electricity generation) followed by Mexico, France, Italy and Saudi Arabia 

which had the highest rates of decarbonisation alongside economic growth 

(mostly hey switched from coal to gas for electricity generation).39  

Currently, the largest markets in wind offshore development are the 

UK, Germany, China, Denmark and Belgium – representing almost 93% of 

the installed offshore wind capacity. The UK, which has around 35% of global 

offshore wind capacity installed, represents the lion‘s share in the largest 
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offshore projects list, followed by the Netherlands, China and Germany. 

Among the top ten largest offshore projects, seven are located in the UK, 

representing over 74% of the total capacity of these projects. The world‘s 

largest project, Hornsea One, still not fully commissioned, had the first turbine 

installed and grid connected in early 2019 and now has an active capacity of 

over 1GW. [Renewable Energy World. 24.12.2019. Seven of the 10 largest 

offshore wind farms are in the UK. https://www.renewableenergyworld.com/ 

2019/12/24/seven-of-the-10-largest-offshore-wind-farms-are-in-the-uk/#gref ]. 

 
Germany is Europe's most industrialised and populous country, famed 

for its technological achievements and high demand for electricity. More than 

50% of the European Union‘s energy needs were met by net imports in 2017. 

But Germany‘s energy import dependency was higher at 64%. Germany is the 

6th largest consumer of energy in the world. Germany is the world's largest 

importer of natural gas (CH4) importing from the Netherlands, Norway and 

Russia via the Nord Stream (49.8 billion cubic metres of gas from Russian 

company Gazprom in 2016). In 2018, Germany produced 540 TWh of 

electricity of which 40% was from renewable energy sources (solar, wind and 

hydropower), 38% from coal, and 8% from natural gas. Germany has decided 

to close its nuclear power plants and will phase-out nuclear power by 2022. 

Also, in 2019 it was decided to terminate the use of coal for energy 

production, scheduled to phase out coal use by 2038. There is a general 

agreement among Germany‘s political parties (influenced by the Green party) 

to be the first industrial country to transform its economy and accept the 

replacement of the traditional energy sources with renewables. Renewables 

energy sources covered a record 44% of the electricity consumed in Germany 

in the first six months of 2019. Wind power generated by onshore installations 

increased 18%, while Germany‘s offshore wind farms produced 30% more 

electricity. The output of solar PVs rose by some 4%. The German 

government aims to raise the share of renewables to 65% percent by 2030 as 

part of its Energiewende drive to replace fossil and nuclear power.40 

https://www.renewableenergyworld.com/%202019/12/24/seven-of-the-10-largest-offshore-wind-farms-are-in-the-uk/#gref
https://www.renewableenergyworld.com/%202019/12/24/seven-of-the-10-largest-offshore-wind-farms-are-in-the-uk/#gref
https://www.renewableenergyworld.com/%202019/12/24/seven-of-the-10-largest-offshore-wind-farms-are-in-the-uk/#gref
https://ec.europa.eu/eurostat/databrowser/view/sdg_07_50/default/table?lang=en
https://ec.europa.eu/eurostat/web/products-datasets/-/SDG_07_50
https://en.wikipedia.org/wiki/Nord_Stream
https://en.wikipedia.org/wiki/Gazprom
https://en.wikipedia.org/wiki/Nuclear_power_phase-out
https://en.wikipedia.org/wiki/Germany
https://www.cleanenergywire.org/glossary/letter_o#offshore_wind
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Figure 9. Germany in the first 7 months of 2019 increased the electricity 

production by windy turbine power by 20% compared to the first half of 2018. 

Electricity from solar panels rose by 6%, natural gas by 10%, while the share 

of nuclear power in German electricity consumption has remained virtually 

unchanged (13%). Electricity from coal fell by 30% compared to the first half 

of 2018, and some coal-fired power plants were even taken off the grid.  
(Source: Fraunhofer ISE, Institute for Solar Energy Systems, 
https://www.ise.fraunhofer.de/en/press-media/news/2019/renewable-sources-
contribute-more-than-40-percent-to-germanys-public-net-electricity-
generation-in-2018.html). 
 

The share of renewable sources in Germany for the electricity sector 

started in 1990 with 3.4% of gross electricity consumption and it was 10% by 

2005, 20% by 2011 and 30% by 2015, reaching 36.2% (2017) reaching 47.3% 

(2019). Renewable energy in Germany is mainly based on wind, solar and 

biomass. Germany had the world's largest photovoltaic installed capacity until 

2014, and as of 2016, it is third (after China and the USA) with 40 GW. It is 

also the world's third country (China and USA) by installed wind power 

capacity, at 50 GW, and second for offshore wind, with over 4 GW (first UK 

and Denmark). The share of renewable energy in Germany's energy 

consumption reached a record of 43% in the first months of 2019. Germany 

has around 27,000 wind turbines (2015) and 1.5 million solar PV systems 

(2014). In Germany more than half a million people are employed in the 

country‘s renewable energy sector.41 

 

https://www.ise.fraunhofer.de/en/press-media/news/2019/renewable-sources-contribute-more-than-40-percent-to-germanys-public-net-electricity-generation-in-2018.html
https://www.ise.fraunhofer.de/en/press-media/news/2019/renewable-sources-contribute-more-than-40-percent-to-germanys-public-net-electricity-generation-in-2018.html
https://www.ise.fraunhofer.de/en/press-media/news/2019/renewable-sources-contribute-more-than-40-percent-to-germanys-public-net-electricity-generation-in-2018.html
https://www.dw.com/en/german-renewables-deliver-more-electricity-than-coal-and-nuclear-power-for-the-first-time/a-49606644
https://en.wikipedia.org/wiki/Wind_turbines
https://en.wikipedia.org/wiki/Solar_PV_systems
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Renewable energy sources in BRICS countries (Brazil, 
Russia, India, China, and South Africa) 
 

BRICS refer to the first letters of 5 developing countries namely Brazil, 

Russia, India, China and South Africa, which are in the top 10 global energy 

consumers with 40% of world‘s population. In the last decade BRICS 

countries are at the center of major transformation and their economies are 

increasingly advancing rapidly. Unlike the other countries, Russia has a 

surplus production of energy to fulfill its requirements. These variations are 

caused by the consequence of technological progress, population size, 

geographical location, and several other factors. Moreover, the input of all of 

the so-called energy sustained countries toward the CO2 emissions mitigation 

is important. It is generally acknowledged that BRICS countries have the 

potential to reshape the international energy system because they are 

enriched with abundant mineral resources, low cost labour and advanced 

technological innovations in their research instittes and universities. Both India 

and China with a combine population of 2,7 billion are in the upward phase of 

high energy demand due to rapid economic development (for electricity 

production and transport sector) depending to a large extent from energy 

imports. In the other hand, Russia is an energy resource-rich country and 

leading manufacturer of major commodities such as steel, iron, petroleum, 

minerals, who exports goods to other nations. Russia produces electricity 

mainly by its vast resources of natural gas (50.2% in 2016), while Brazil has 

massive agricultural resources, mineral reserves, and large hydroelectric 

resources that are used to generate 90% of Brazil‘s electricity.42 

Also, the BRICS countries in the last decades have invested and 

expanded the basic renewable energy resources (solar, wind, tidal) for the 

production of electricity. China has extensive invetment in solar and wind 

resources and in biomass energy in rural areas. India with an average annual 

temperature of between 25 -27 C; invested in solar energy. The country's 

solar installed capacity reached 33.730 GW (2019). The initial target of 20 

GW solar capacity for 2022 was achieved four years ahead of schedule. Wind 

power generation capacity in India has significantly increased in recent years. 

https://www.sciencedirect.com/topics/engineering/renewable-energy-resources
https://www.sciencedirect.com/topics/engineering/bioenergy
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In 2019 the total installed wind power capacity was 37.505 GW, the 4th 

largest installed wind power capacity in the world. As of 2018, renewable 

energy in Brazil accounted for 79% of the domestically produced electricity. 

Brazil relies on hydroelectricity for 65% of its electricity. Water resources in 

Brazil are abundant- hydroelectric power stations. Russia‘s renewable energy 

consists mainly of hydroelectric energy. 16% of Russia's electricity is 

generated from hydropower, and less than 1% is generated from all other 

renewable energy sources combined, 68% from thermal power (fossil fuel and 

natural gas) and 16% from nuclear power. Solar energy is virtually 

nonexistent in Russia, despite its large potential in the country. Russia has a 

long history of small-scale wind energy use but has never developed large-

scale commercial wind energy production. Russia is a signatory of the UN 

Framework Convention on Climate Change and the Kyoto Protocol, and has 

to fulfil its obligations to limit CO2 emissions and submit annual emission 

inventories and national reports. Subsequently, the Paris Agreement on the 

climate, which was approved in December 2015 and became effective in 

November 2016, provides for the regulation of greenhouse gas emissions as 

of 2020. South Africa relies mainly on solar power which holds the most 

potential. Because of the country's geographic location, it receives large 

amounts of radiative energy which contributes to the solar electricity 

generation sector. Also, South Africa has high wind velocity on the coast of 

the country. Cape Town has implemented successful wind farms generating 

significant amounts of electricity. Biomass is currently the largest renewable 

energy contributor in South Africa with 9-14% of the total energy mix. There is 

extensive literature on renewable energy sources for BRICS countries.43-48 

 

China, the world’s renewable energy superpower 

 

A recent report by Forbes revealed that China has taken a lead in 

renewable energy and is now the world‘s largest producer, exporter and 

installer of solar panels, wind turbines, storage batteries and electric vehicles. 

China also has a clear lead in terms of the renewavle energy technology, with 

well over 150,000 renewable energy patents as of 2016 (29% of the global 

https://en.wikipedia.org/wiki/Gigawatt
https://en.wikipedia.org/wiki/Wind_power_by_country
https://en.wikipedia.org/wiki/Wind_power_by_country
https://en.wikipedia.org/wiki/Wind_power_by_country
https://en.wikipedia.org/wiki/Electricity
https://en.wikipedia.org/wiki/Hydroelectricity
https://www.sciencedirect.com/topics/engineering/hydroelectric-power
https://en.wikipedia.org/wiki/Renewable_energy
https://en.wikipedia.org/wiki/Russia
https://en.wikipedia.org/wiki/Electricity
https://en.wikipedia.org/wiki/Hydropower
https://en.wikipedia.org/wiki/Renewable_energy
https://en.wikipedia.org/wiki/Thermal_power
https://en.wikipedia.org/wiki/Nuclear_power
https://en.wikipedia.org/wiki/Solar_energy
https://en.wikipedia.org/wiki/Cape_Town
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total) The next closest country is the U.S., which had a little over 100,000 

patents, with Japan and the E.U. having closer to 75,000 patents each.49 

China is the first country with a total capacity of 728 GW of renewable 

energy power (2018), mainly from hydroelectric and solar-wind power 

generation. But, although China has world's largest installed capacity of 

hydro, solar and wind power, its energy needs are so large that renewable 

energy sources provided only 36.6% of its total electricity generation (2017), 

with most of the remainder energy generated by coal power plants. It must be 

emphasized that 26.4% of this power generation is from hydroelectric 

sources. It is expected that China‘s expansion of renewables in the next 5 

years will account for 40% of global reneweable capacity expansion, driven by 

improved system integration, lower curtailment rates and enhanced 

competitiveness of both solar PV and onshore wind turbines.50,51  

China's renewable energy generation rose 11% (from the previous 

2018) by the end of September 2019, to 1.44 trillion kilowatt-hours, according 

to the National Energy Administration (NEA). Of the total, hydropower topped 

893.8 billion kWh in the first 9 months of the year (7.9% increase), while wind 

power stood at 291.4 billion kWh (up 8.9%), solar photovoltaic power 

increased to 171.5 billion kWh (up 28%), while biomass generated 80.4 billion 

kWh of electricity (up 19.4%). In 2019 renewable energy sectors accounted 

for 37.2% of the country's installed 6,000-kilowatt.52 

 

Figure 9. Aerial view of a fishery-solar hybrid photovoltaic power station at 

Tiangang Lake in Suqian, Jiangsu Province of China.{Xu Changliang | Visual 

China Group | Getty Images].  

https://en.wikipedia.org/wiki/Gigawatt
https://en.wikipedia.org/wiki/Hydroelectric
https://en.wikipedia.org/wiki/Wind_power
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China is trying frantically to decarbonize the energy sectors of the 

economy, but China‘s rapid development and industrial expansion (slowing 

now down to 5-6% from 10% for the last 20 years) is causing immense 

problems. China is now the world‘s largest consumer of energy, the largest 

producer of energy, but at the same time the largest consumer of coal for 

energy generatiron, and the largest world‘s emitter of CO2 . China is trying to 

decarbonize by putting 30 to 40 gigawatts of renewables out every year, 

which is a huge amount of power.In the last decade China is rapidly building 

out large solar power stations and numerous wind turbine farms all across the 

country. But the key issue in China is not now the efficiency of energy 

production, rather it is about energy storage. Without proper battery storage or 

pump storage oif the energy generated by renewables, it is unlikely fpr China 

to be able to store enough energy to replace the coal and gas generated 

energy that was the backbone of China‘s energy production sector. Current 

storage systems are not sufficient to make coal replacement possible right 

now. China is at present the country with the biggest renewable energy 

sectors. It was responsible for 32% of all global renewables investment in 

2018 and the lead investor in installed energy capacity of, hydropower, solar 

PV, and onshore wind turbines. The China Renewable Energy Outlook 2018 

(CREO 2018) is guided by the strategic thinking from the 19th National 

Congress and implements the 13th Five-Year Plan development guidelines in 

detail, aiming to ―build a clean, low-carbon, safe, and efficient energy system.‖ 

It demonstrates the feasible path and necessary steps for the transformation 

of China‘s energy system from fossil fuel to renewable energy.53 

China’s National Energy Administration (NEA) and the National 

Development and Reform Commission (NDRC) also plan to spend more than 

$360 billion developing renewable energy and creating 13 million jobs in the 

sector by 2020. The country’s renewable energy workforce far outstrips that of 

the United States, which in 2016 employed less than 800,000 workers in 

renewable energy sector. China also leads by investing in a growing number 

of international renewable energy projects through increasing contributions to 

multilateral organizations. For example, the BRICS New Development Bank, 

https://chinapower.csis.org/energy-footprint/
https://chinapower.csis.org/energy-footprint/
https://chinapower.csis.org/energy-footprint/
https://chinapower.csis.org/energy-footprint/
https://chinapower.csis.org/energy-footprint/
https://chinapower.csis.org/energy-footprint/
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of which China is a participant, gave its first round of long-term green loans 

worth $811 million last April to fund clean energy projects to its members.54-56 

Is global deep decarbonisation realistic? Which renewable 
energy sources have the most potential 

 

Energy production and use accounts for 2/3 of global greenhouse gas 

emissions. Inevitably, the energy sector must be at the core of efforts to 

combat climate change and rising temperatures. The largest emmiters of CO2 

in energy sectors are electricity generation and industrial processs (around 

65% of all energy-related CO2 emisions). The remaining 35% carbon 

emissions come from transport, buildings and district heating. Scientists agree 

that there is no ―silver bullet‖ technology or magic solution to decarbonize 

global energy generation: Decarbonisation is going to be an intensive process 

which requires a range of advanced technologies, vast investment that can be 

deployed at competitive costs according to market opportunities, country 

preferences and a legacy of infrastructure for storing and distributing energy. 

Some innovative energy generation technologies today are at a mature stage, 

attracting high levels of investment and ready to be applied at a large 

scale.57,58 

The following renewable energy sources have been placed in a priority 

list with the most promissing outlook for achieving the aim of reversing climate 

change, rising global temperatures and reduction of greenhouse gases. 

1. Wind power technology (onshore and offshore) 

Wind turbines in onshore and offshore installations is according to 

energy experts the most promissing alternative to fossil fuels energy sources. 

Wind power is plentiful, renewable, widely distributed and clean and it 

produces no CO2 emissions. The effects on the environment are generally 

less problematic than those from other power sources. Wind power is a robust 

technology that has made great strides in recent years. Theoretically, wind 

supply could meet global energy needs. Wind energy offers many 

advantages, which explains why it's one of the fastest-growing energy 



 

30 

 

sources in the world. Research efforts are aimed at addressing the challenges 

to greater use of wind energy. Wind power is cost-effective. Land-based 

utility-scale wind is one of the lowest-priced energy sources available today.59  

Wind power is the second most widely used global renewable source. 

The annual growth rate of cumulative wind power capacity has averaged 25% 

during last five years making wind the fastest growing renewable power 

source. China, with an installed capacity of more than 75GW, is the biggest 

wind power generator in the world, USA is second followed by Germany, 

Spain, India, the UK, Italy, France, Canada and Portugal. All these wind 

power producing countries account for more than 85% of total wind power 

producing capacity in the world.59 

The International Renewable Energy Agency (IRENA) in the latest report 

(October 2019) suggest that deployment of renewables with deep 

electrification  and increasing energy efficiency can achieve over 90% of 

energy related CO2 emissions reductions needed by 20150 (Paris Climate 

targets). Among all low-carbon technology options, accelerated deployment of 

wind turbine power when coupled with deep electrification would contribute to 

more than 25% of the total emissions reductions needed (2050). Wind power, 

along with solar energy, would lead the way for the transformation of the 

global electricity sector. Onshore and offshore wind would generate more than 

35% of global total electricity needs by 2050.60 

 

Figure 10. Hornsea 1, which will consist of 174 7-MW wind turbines from 
Siemens Gamesa, will generate a total capacity of 1,218MW – enough to 
power more than one million UK homes (photo: Ørsted). Hornsea 1 is under 
construction (North Sea, off the coast of England) and will be the world‘s 
largest offshore wind farm when commissioned in 2020. 
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2. Solar PV energy, the most abundant on Earth  

 

The main advantage of Solar Photovoltaic (PV) energy is the fact that it 

is the most abundant energy resource on Earth. Solar-PV is a fast growing 

market, especially in certain industrialized countries, and it is expected to 

significantly expand in such emerging economies as China and India and in 

remote area where grid connections do not exist (i.e. Africa). Used as a 

decentralized and distributed solution, solar will have considerable impact in 

terms of deployment capacity and how emerging countries will consume 

electricity. Although the cost parity of photovoltaics (PV) compared with 

traditional energy types has not yet been fully achieved, it could be 

economically viable without subsidies in many countries and communities. 

The cost should continue to decrease substantially in the near future as the 

market expands and R&D efforts continue. Some disadvantages of solar PV. 

They use toxic metals which can be recycled after use. Expensive to produce 

but as the conversion efficiencies continue to increase and the manufacturing 

costs continue to come down, solar PV will become increasingly cost 

competitive with conventional fuels. Solar power is a variable energy source in 

need for storage in batteries.61  

Accelerated deployment of solar PV alone can lead to significant 

emission reductions of 4.9 gigatonnes of carbon dioxide (Gt CO₂) in 2050, 

representing 21% of the total emission mitigation potential in the energy 

sector. Experts argued that by 2050 solar PV would represent the second-

largest power generation (1st the wind power) and lead the way for the 

transformation of the global electricity sector. Solar PV would generate a 

quarter (25%) of total electricity needs globally, becoming one of prominent 

generations source by 2050.62 

A report released today by the Abu Dhabi-headquartered International 

Renewable Energy Agency (IRENA) has projected a 59% cost reduction for 

electricity generated by solar PV by 2025 [Report of IRENA, The Power to 

Change: Solar and Wind Cost Reduction Potential to 2025].63 
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Figure 11. The floating solar photovoltaic panel structure shades the body of 
water and reduces evaporation from these ponds, reservoirs, and lakes. This 
is a particularly useful benefit in areas susceptible to drought. Lastly, floating 
solar panels are a source of clean, renewable electricity. 
 
. Despite slower capacity growth in key markets in 2018, solar PV is well 

on track to reach the Sustainable Development Scenario level by 2030, which 

will require electricity generation from solar PV to increase 16% annually, from 

570 TWh in 2018 to almost 3,300 TWh in 2030. With greater cost-

competitiveness and continuous policy support, robust solar PV growth is 

expected in the next five years, led by China, European Union, the USA, India 

and Japan. Growth in Latin America and the Middle East is also expected to 

accelerate because of improved economic attractiveness and continued policy 

support.64 

3. Sea and ocean energy (tidal power and marine current 
power) 

The history of technological developments in the use of ocean energy for 

power generation extends over a century, with various technologies having 

been tested and employed. The tidal and marine wave power is very 

promissing technology for renewable energy due to huge technological and 

engineering developments in the last decades that harnessed with success 

the problems and challenges of tidal and ocean energy schemes. The oceans 

of the Earth offer vast amounts of renewable energy, but advance tidal current 

and ocean wave technologies still face considerable barriers and many 

technological obstacles. Research, developments and innovations helped 

considerably to overcome those barriers in the last decade.65  
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Figure 12. Tidal energy projects can generate electricity by water flowing both 
into and out of it.The world's first tidal barrage (La Rance Tidal Power Station, 
France) with a capacity of 240MW has been running for half a century. Now 
Sihwa Lake Tidal Power Station (2011) is the world's largest tidal power 
installation, with a total power output capacity of 254 MW. 

 

The merits of tidal power and ocean current power include predictability 

and a large resource base. The longer lifespan of tidal power makes it much 

more cost-competitive in the long run. For example The La Rance in France, 

for example, has been operational since 1966 and continues to generate 

significant amounts of electricity each year. The Bureau of Ocean Energy 

Management in the US estimates that recoverable wave power could supply 

30% of the nation‘s electricity needs. The ocean has enormous potential as a 

power source, but wave energy has possible environmental consequences; 

setting up seaside power plants can cause ecological changes to sensitive 

shorelines, transforming the habits and habitats for sea creatures. The 

International Energy Agency (IEA) suggested that if ocean energy systems 

can be deployed worldwide, they could generate enough power to meet global 

electricity needs. In 2013 there were about 100 pilot wave energy projects 

worldwide, experimenting with different methods.66 

The renewable energy sector in the UK estimated that tidal power could 

generate around 20% of Britain's electricity requirements. At present there are 

8 sites in Britain, potentially making the UK a key player in the World Green 

Energy market. The Severn, Dee, Solway and Humber estuaries are all 

potential sites for tidal energy generating barrages in the UK, while Islay and 

https://www.boem.gov/Ocean-Wave-Energy/
https://www.boem.gov/Ocean-Wave-Energy/
https://www.boem.gov/Ocean-Wave-Energy/
http://www.irena.org/documentdownloads/publications/wave-energy_v4_web.pdf
http://www.tidalenergy.eu/islay-tidal-energy-scheme.html
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the Pentland Firth are to host tidal turbine arrays. The Pentland Firth, the 

narrow run of water between the north-east tip of Scotland and the Orkney 

islands, is possibly the best place in the world to generate electricity from the 

movement of the tides. Scotland and the UK generally are seen as world 

leaders in tidal energy research, but the US and Canada are both investing 

heavily in the field. [Tidal Energy UK, http://www.tidalenergy.eu/ 

tidal_energy_uk.html ].  

Studies have estimated the UK‘s total theoretical tidal range resource at 

between 25 and 30GWs – enough to supply around 12% of current UK 

electricity demand. The majority of this is in the Severn estuary (which has 

between 8 and 12GW), with the estuaries and bays of the north west 

representing a similar amount and the east coast a further 5 to 6GW.67 

4. Third generation nuclear energy for energy production  

Nuclear power at present produces 30-40% of clean electricity in many 

developed industrial countries and its contribution to climate change goals is 

considered important. Nuclear power generation has the capacity to provide 

large-scale CO2-free electricity. With its cost competitiveness over wind and 

solar for baseload power production, nuclear power has a very significant role 

to play in decarbonization. The adoption of Generation III nuclear plants is 

promising due to its improved safety when compared with Generation II. 

Sample technologies Generation III technologies include the Westinghouse 

AP1000, the General Electric Economic Simplified Boiling Water Reactor, the 

AREVA EPR reactor, the General Electric Advanced Boiling Water Reactor, 

and the Mitsubishi Heavy Industries Advanced Pressurized Water Reactor, 

among others. 

Currently the world as a whole has 440 operating nuclear reactors 

producing 14% of global electricity. First country is the USA with 104 nuclear 

plants (1 under construction, 7 planned), producing 20% of U.S. electricity. 

Second is France that has 58 plants producing 75% of electricity. Russia 32 

plants, Japan 31 plants producing 30% of electricity, S.Korea 21 plants, India 

20 plants producing 25% of electricity, China 14 operating plants (26 under 

construction, 52 planned), UK 18 plants producing 18% of electricity. 

http://www.tidalenergy.eu/pentland_firth.html
http://www.tidalenergy.eu/%20tidal_energy_uk.html
http://www.tidalenergy.eu/%20tidal_energy_uk.html
http://www.tidalenergy.eu/%20tidal_energy_uk.html
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Germany has 17 nuclea plants (started decommissioning, to be phase out by 

end of 2022). Switzerland produces 40% of electricity by nuclear plants to be 

phase out by 2034. Finland has 4 plants producing 30% of electricity. Canada 

17 reactors producing 15% of electricity. Belgium 7 reactors providing 50% of 

electricity. Sweden, the country's reactors generate about 40% of its 

electricity, the government decided in 1980 to phase out nuclear power. 

Parliament later repealed this policy in 2010.68 

5. Biofuels, bio-power as a renewable power source 

 

Considering the continued need for liquid fuels for transport and other 

energy requirements in the foreseeable future, carbon-neutral biofuels should 

be increased to decarbonize this sector as much as possible. Certain 

prevailing biofuels have limitations due to their competition with food and 

animal feedstock (e.g. corn), so developing sustainable ways of producing 

biofuels from non-food plants is critical. Various institutions have been 

conducting research on the production of biofuels from lignocellulose (e.g. 

wood) for over a decade. More recently, algae have drawn wide attention 

among biomass materials as feedstock to produce liquid fuels. 

 
Figure 13. The term ‗Biofuel‘ refers to liquid or gaseous fuels for the transport 
sector that is predominantly produced from biomass, such as ethanol, 
methanol, biodiesel, Fuels made from biomass provide unique environmental, 
economic strategic benefits and can be considered as a safe and clean liquid 
fuel alternative to fossil fuels. Biofuels are a renewable energy source 
because they are derived from crops that can be harvested annually. 

http://world-nuclear.org/info/inf42.html
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Bio-power is considered by scientists as the fourth biggest renewable 

power source after hydropower, wind and solar enerrgy sources. The world‘s 

net electricity production capacity from bio-mass currently exceeds 117GW, 

while global bio-power generation increased from 317TWh in 2010 to more 

than 495TWh in 2018. Modern biomass, especially biofuels and wood pellets, 

are increasingly being used for heat and power generation, alongside 

traditional biomass sources such as agricultural by-products. The USA, Brazil, 

China, India, Germany, and Sweden are currently the leading bio-power 

generators in the world. China, India, and the UK accounted for more than 

50% of the world‘s total bioenergy capacity expansion in 2018. The 740MW 

Ironbridge power plant located in Severn Gorge, UK, is the world‘s biggest 

biomass fuelled power plant. Other big biogas plants is the 140MW 

Vaskiluodon Voima plant in Finland and the GDF SUEZ‘s 205MW Green Unit 

(2013) biomass plant at Polaniec, Poland.69 

In the European Union, renewable fuel policy has stated fuel security 

ambitions, but also aims to facilitate environmental protection, meet the 

challenges of climate change, and support infrastructure for bioenergy and 

renewable energy. As a result of the policy, the renewable fuel energy sector 

(bio-power) is one of the fastest growing sectors in the European Union. The 

production and consumption of biodiesel and ethanol have both risen over the 

past decade. The production of biodiesel has grown from 5.37 billion liters in 

2006 to 9.35 billion liters in 2009 (an increase of 74%), while ethanol 

production has increased from 1.63 million liters in 2006 to 3.03 billion liters) 

in 2009. In 2016, the European Union consumption of sustainable biofuels 

amounted to 13,840 ktoe [11,083 ktoe (80%) was biodiesel and 2,620 ktoe 

(19%) was bioethanol] sourced from domestic feedstock (crops, agro/food 

waste, manure (75%), landfill gas (16%) and sewage sludge gas (9%).70  

6. Hydrogen technology as a renewable source of energy. 

Hydrogen has the highest mass energy density of any fuel, making it 

an extremely effective medium for energy storage and distribution. As Europe 

deploys more renewable capacity, from vast wind farms and solar PV arrays, 

hydrogen is set to be an essential integrator, harnessing excess power 

https://www.power-technology.com/features/featurepower-from-waste-the-worlds-biggest-biomass-power-plants-4205990/
https://www.power-technology.com/features/featurepower-from-waste-the-worlds-biggest-biomass-power-plants-4205990/
https://www.power-technology.com/features/featurepower-from-waste-the-worlds-biggest-biomass-power-plants-4205990/
https://www.power-technology.com/projects/vaasa-plant/
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generation, balancing intermittent supply and demand, and ultimately helping 

support decarbonization of energy sector.71 

 

Figure 14. Hydrogen energy storage is a process wherein the surplus of 

energy created by renewables during low energy demand periods is used to 
power electrolysis. Once hydrogen is created through electrolysis it can be 
used in stationary fuel cells, for power generation, to provide fuel for fuel cell 
vehicles, injected into natural gas pipelines to reduce their carbon intensity, 

 
Hydrogen has been widely used as fuel for industrial purposes, but not 

as a combustion fuel until recently for electricity generation. Although carbon-

free, due to its low energy density, hydrogen has less value as a fuel unless 

used in fuel cells, to generate electricity through a chemical reaction between 

hydrogen and oxygen (from the air) with higher power generation efficiency. 

More importantly, the by-product of this chemical reaction is only water (H2O), 

which is environmentally friendly. In some developed countries, stationary fuel 

cells are installed for residential use and, very recently, even fuel cell vehicles 

(FCVs) have started to be sold commercially, albeit supported by subsidies. 

Although the use of hydrogen technology is in its infancy, it will become an 

important option for decarbonizing the energy system. Hydrogen is an energy 

carrier, not an energy source and can deliver or store a tremendous amount 

of energy. Hydrogen can be used in fuel cells to generate electricity, or power 

and heat. Today, hydrogen is most commonly used in petroleum refining and 

fertilizer production, while transportation and utilities are emerging markets. 

The greatest challenge for hydrogen production, particularly from renewable 

resources, is providing hydrogen at lower cost. For transportation fuel cells, 

hydrogen must be cost-competitive with conventional fuels and technologies 

on a per-mile basis.
72 
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7. Enhanced geothermal systems as a renewable energy 

 

Geothermal power if developed efficiently can become the 5th biggest 

renewable ebergy source for electricity generation. The present Installed 

power production capacity from geothermal sources exceeded 11.7GW  

(2013) and the global annual geothermal electricity generation exceeded 

72TWh. The US, Philippines, Indonesia,Turkey, New Zeland, Mexico and Italy 

constitute the top five geothermal power producers in the world. The Geysers 

Geothermal Complex, located north of San Francisco in California, US, with 

900MW of active production capacity, is the world‘s biggest geothermal power 

plant, followed by the 769MW Larderello Geothermal Complex in Italy. 73 

Enhanced Geothermal Systems (EGS) are engineered reservoirs 

created to produce energy from geothermal resources that are otherwise not 

economical due to lack of water and/or permeability. EGS technology has the 

potential for accessing the earth's vast resources of heat located at depth to 

help meet the global energy needs with renewable energy sources. Enhanced 

geothermal resources, which may be found at any depth, have temperatures 

potentially within the economic range but lack the natural permeability 

necessary for the production of commercial quantities of geothermal fluids. 

The concept is to create permeability by hydrofracturing the hot rocks, inject 

water into the fractures created, and then drill production wells into the newly 

created reservoir. Low-permeability hot rocks suitable for EGS are believed to 

be widespread. Despite efforts during the past 50 years in several countries, 

large-scale EGS development has proved to be elusive. However, there are a 

number of successful small experimental plants operating, the oldest of which 

is at Soultz-sous-Forêts in the Rhine Graben of France, where a binary plant 

has been producing 3 MWe from a 200°C EGS granite basement at a depth 

of 5 km. EGS hold significant promise for future electric generation if and 

when the technological and economic problems are solved.74 

 

 

https://www.power-technology.com/features/feature-top-10-biggest-geothermal-power-plants-in-the-world/
https://www.power-technology.com/features/feature-top-10-biggest-geothermal-power-plants-in-the-world/
https://www.power-technology.com/features/feature-top-10-biggest-geothermal-power-plants-in-the-world/
https://www.sciencedirect.com/topics/engineering/geothermal
https://www.sciencedirect.com/topics/engineering/geothermal-fluid
https://www.sciencedirect.com/topics/materials-science/granite
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8. Ultra-supercritical steam cycle coal ready for carbon 
capture and sequestration  

 

Overall, 38% of the world‘s electricity (2017) is generated by coal-fired 

power plants. In the USA the percentage of coal generate electricity is 27.5% 

(2018). China, despite the rapid developemt of renewable sources, the 

proportion of coal use in electricity generation is 66%. Also, coal-fired plants 

generate 72% of India‘s electricity (2018).  

More than 30 countries plan to phase out coal-fired power to help reduce 

carbon emissions and keep global temperatures from rising to catastrophic 

levels. But still coal plays an important role in electricity supply today and will 

continue realistically to do so in coming years, particularly in China and India. 

Today, Ultra-supercritical steam cycle coal planrs are considered as a 

solution and important option of choice for most new coal-fired power stations. 

These technically-advanced plants offer greater efficiency and most 

importantly, lower emissions. CO2 emissions from modern coal-fired plants 

can be reduced by improving conversion efficiency through the modernization 

of existing plants and the deployment of high efficiency technologies for 

carbon capture. At the heart of coal-fired electricity generation lies the Ultraq-

superctitical steam cycle with pulverised coal fed into a giant industrial furnace 

surrounded by boiler tubes filled with water. The burning coal heats the water 

to create steam, which is transferred at high-pressure to turbines linked to a 

generator. In ultra-supercritical steam (USC) power plants, the extreme boiler 

temperature and pressure heat the water so that it becomes a 'supercritical' 

fluid that exhibits properties of liquid and gas phases. In this state, 

supercritical steam is much more efficient at driving the giant turbines that 

spin the plant's generators. The upfront cost of such technology is 20%−30% 

more expensive than a traditional subcritical unit, but that is offset by 

improved net thermal efficiency levels and reduced emissions.75,76 

In the last decade a large numebr of research projects started to 

experiment wih CO2 Capture and Sequestration (CCS) is a set of technologies 

that can greatly reduce CO2 emissions from new and existing coal- and gas-

fired power plants and large industrial sources. This is a technology that can 
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capture up to 90% of the carbon dioxide (CO2) emissions produced from the 

use of fossil fuels in electricity generation and industrial processes. 

Furthermore, the use of CCS with renewable biomass is one of the few 

carbon abatement technologies.77 

There is international agreement that CCS is a safe and successful 

strategy to manage large volumes of CO2 over the long term. In 2005, the 

Intergovernmental Panel on Climate Change (IPCC) released its Special 

Report on Carbon Capture and Storage. The report predicted that well 

selected, designed, and managed geologic sequestration sites would allow 

CO2 to remain sequestered in the deep underground for millions of years. The 

Global CCS Institute, which tracks large-scale CCS projects globally, reports 

there are 51 CCS facilities globally in some stage of development which 

expect to capture 96 million tons of CO2 per year. 19 facilities are in operation, 

4 are under construction, and 28 are in various stages of development (of 

which 8 are in the United States involved in ammonia and ethanol production, 

 

Conclusions 

The Paris Agreement (2015) formulated ambitious climate change 

mitigation targets, keeping carbon dioxide (CO2) emissions as low as possible 

and global temperature increases well below 2o C. Despite the unprecented 

increases in renewable energy sources for electricity generation, coal and 

natural gas still are used to produce around 60% of global electricity. 

Statistical evidence also shows that the global electricity power sector 

generates every year more than 40% of GreenHouse Gases (GHG). 

Scientists agree that the electricity sector must be at the core of our efforts to 

decarbonise since it plays a pivotal role in achieving this goal. Climate change 

stabilization scenarios that have been assessed by the IPCC generally find 

that the energy sector needs to be completely decarbonised during the 

second half of the century (2050). In order to achieve these goals countries 

must put large investment into low carbon electricity sources, including 

renewable energy technologies, carbon capture and storage (CCS) and 

nuclear power. At the same time international efforts must be initiated for 
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significant reduction of coal, fossil fuel and natural gas use in energy 

production aiming to be phased out in the near future. 

Deep decarbonization is indispensable to be advanced at any cost to 

achieve mitigation of climatic change. The first goal must be the electricity 

power sector, then transport (electric vehicles), industrial sector, heating and 

cooling. Already, most countries are investing substantial amounts in 

renewable energy technologies such as windfarm turbines, solar photovoltaic 

panels, tidal and oceanic energy projects, and bio-energy. In the last decades 

there are global changes in the field of renewables contributing to a rapid 

developemnt of carbon-clean methods in electricity generation.  

A number of countries (Denmark, UK, Germany, Sweden, Norway, etc) 

are already in the process of reforming their electricity markets in order to 

ensure the delivery of the huge quantities of low carbon investment through 

the use of renewable energy sources. China is the first country with a total 

capacity of 728 GW of renewable energy power (2018), mainly from 

hydroelectric and solar-wind power generation. But, although China has 

world's largest installed capacity of hydro, solar and wind power, its energy 

needs are so large that renewable energy sources provided only 36.6% of its 

total electricity generation. The World Energy Outlook-2019 report revealed 

that in 2018 wind and solar PV technologies together accounting for 60% of 

global renewables energy sources increase. Although the share of 

renewables in global electricity generation reached 26% in 2018, renewable 

power as a whole still needs to expand significantly to meet the Sustainable 

Development Scenario share of at least 50% of global energy generation by 

2030. Scientists agree that achieving the global emissions reduction goal of 

80% below 1990 levels is an enormous challenge. The electric power sector 

is expected to play a major role in achieving emissions reduction goals due to 

the volume of its emissions, but the task of decarbonizing the electric sector 

will be a daunting one; despite the progress in developing startegies of 

decarbonisation with substantial increase of renewable energy sources.  

 
 
 

https://en.wikipedia.org/wiki/Gigawatt
https://en.wikipedia.org/wiki/Hydroelectric
https://en.wikipedia.org/wiki/Wind_power
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