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Development Trends of World Energy 

(Master Thesis) 

 

Summary 

Energy has been one of the most important issues and challenge humans face in the 

21
st
 century which has a bearing on international economic and social development, 

global climate changes and environment protection. With a focus on development 

trends of world energy, this paper analyses the current world energy status and from 

the perspectives of energy sources, regions, end-use sectors, the balance of energy 

supply and demand, and in the context of its implications on the global environmental 

and economic and social development by using a series of indicators such as total 

primary energy, total final energy, energy use and CO2 emission intensity per capita 

and per GDP to compare and study. The main development trends contains depletion 

of fossil fuels, rapid development of renewable energy, aggravated environmental 

problems by energy-related GHG emissions, more unbalanced and interdependent 

regional energy supply and demand, more efficient energy industry; globalization and 

so on. This article expounds humans’ efforts to make progress in developing 

renewable energy and reducing energy-related environmental impacts. In the end of 

the paper, world energy structure development and middle-term energy use are 

projected, and the general orientations of world energy development trends in future 

are presented.  

Keywords: world energy, consumption, production, sources, region, end-use sector, 

CO2, development trends, oil, natural gas, coal, nuclear, renewable, electricity, Kyoto 

Protocol, 20-20 by 2020, security, diversification, cleaner, efficient, globalization. 

 

 

1. Introduction 

Energy is an essential and ubiquitous part of our daily lives, and it is a basic material 

of human survival and development. In the international social, political and 

economic environment, any development of economic globalization, social 

modernization and national industrialization is inseparable from a strong energy 

security. Human beings have experienced the changes of energy use from firewood to 

coal, and then to oil and gas, and the ever-increase of total energy use accompanied 

with the changes of energy resource structure (Figure 01). These changes have greatly 

improved productivity and the development of human society. But as more and more 

fossil fuels are used, energy has been increasing its impact on the environment and 

restricting the development of human economy and society.
【1】 



Master Thesis   (Energy and Environmental Engineering) 

- 2 - 
 

Figure 01: Changes of Global Energy Use and Resource Structure, 1850 - 2000
﹙1﹚.﹙2﹚

 

  

(1). Source: Climate Change is Here: Tipping Points & Rays of Hope, Evan Mills, U.S. Department of Energy 

(2). Source: Global Prospects and Opportunities for Methane in the 21st Century, Nebojsa Nakicenovic 

The world of 21
st
 century will be challenged by the need to expand the energy supply 

and reduce greenhouse gas emissions. At present, the global population is more than 

6.5 billion, and estimated to reach 10 billion in the mid-21 century, so only from the 

perspective of increase in population, the growth in global energy demand will be 

enormous. As the major energy sources of current structure, fossil fuel resources are 

finite, just as the forest will become wilderness if there is only cutting and no planting, 

so large amount of energy use will soon deplete these non-renewable energy resources. 

Compared with the first two oil crisis, the present situation of international energy 

supplies have been greatly improved, the probability of energy embargo and sever 

supply by exporting countries has been reduced, high energy prices has demonstrably 

abated influence on world economy, but the great differences in energy use structure 

and uneven energy resources distribution between industrialized countries and 

developing countries have aggravated their unbalanced configuration between energy 

supply and demand. To these major energy importing countries, the increasing 

dependence on resourceful regions and countries has increased their energy supply 

risks and probability of being coerced in politics and diplomacy; to these major 

energy exporting countries, their economic arteries have been increasing affected by 

these big consumer countries; energy issues have increased geopolitical conflict and 

friction. In addition, the large volume of emission from energy industry, especially 

fossil fuel has made global environmental problems more severe.
【2】

 

All these make world energy problems more complex and more difficult to solve, how 

to develop and utilize world energy in 21 century is not a future issues, but an urgent 

event that concerns humans’ destiny. The important thing people need to consider is 

how to cognize energy status, study energy supply and demand structure patterns 

from different perspectives, analyze the driving forces and constrains of energy 

development, discuss how energy industry impact on economy development and 

global environment, conclude energy development trends and seek its changes rules, 

so as to adopt relevant strategies and measurements to achieve a sustainable E3 

System (Energy-Economy-Environment).    
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2. Aims and Delimitation 

With understanding historical and status of world energy, concluding world energy 

development trends and seeking its changes rules in mind, this study aims to 

accomplish the following: 

1. Study and analyze world energy use status from five aspects.  

1) Analyze the driving forces of strong growth in world energy demand; 

2) Analyze the changes of world energy use structure by source;  

3) Analyze various growth pattern in regional energy use; 

4) Analyze development trends in world energy use by sector; 

5) Investigate world energy resources reserves and distribution situation.  

2. Study and analyze the balance and development trends between world energy 

supply and demand 

1) Analyze total primary energy balance of supply and demand from global and 

regional perspective;  

2) Analyze different energy source balance of supply and demand and their prices 

3. Analyze global energy-related CO2 emission and its trend 

4. Project and conclude the future patterns of world energy structure and its 

development trends. 

This thesis aims to study the world energy development trends, so the whole world 

energy survey is set as the study range in this project, including world primary energy 

use and production, world energy resources reserves, global energy-related carbon 

dioxide emission. The world primary energy use by fuel and global energy resources 

reserves are analyzed from oil, coal, natural gas, nuclear power, hydro power and 

other renewable energy sources. Regional primary energy use contains OECD & 

Non-OECD and 7 big regions classified by global energy industry distribution which 

concludes North America, Central & South America, Europe, Eurasia, Middle East, 

Africa and Asia & Oceania. The end-use sectors used for analysis of world energy use 

concern industry, transport, non-energy use and others which contains residential, 

commercial & public service, and agriculture. The balance and development trends of 

world energy supply and demand is set on total primary energy, oil, coal, natural gas, 

and electricity which contains conventional electricity, nuclear electricity, 

hydroelectricity and other renewable electricity; each part is studied from global and 

regional perspective. Energy-related CO2 emission only is analyzed from a global 

perspective. 

Many countries’ governments and international organizations make research reports 

of energy on the basis of their own statistics; the results are similar but distinguishing. 

This study is mainly based on the statistics data for International Energy Annual 2006 

from EIA (Energy Information Administration of USA), other data comes from IEA 

(International Energy Agency), BP (British Petroleum), World Energy Council, 

World Nuclear Association and other organizations.       
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3. Methodology 

In order to seek to achieve the purpose of thesis, some books and literatures on the 

subject of world energy production and consumption, energy outlook were read 

before writing the final paper. In the selection of statistics data concerning to world 

energy development, as authoritative institution in energy area, EIA , IEA, BP and 

WEC have more comprehensive statistics. Since most energy organizations’ statistics 

are based on annual statistics reports of every country in the world, the latest complete 

worldwide energy statistics these organizations have made was by year 2006. The 

analysis of world energy development trends in this thesis is mainly based on the 

statistics (1980 – 2006) for the International Energy Annual 2006 from EIA, with 

supplementary data from other organizations.  

The study of world energy development trends concerns global energy production, 

energy use and resources reserves by fuel, region and sector, a ―top-down‖ approach 

(from global perspective to region, to major countries) is used for energy survey. A 

quantity of curve charts, bar and pie figures, tables are used to illustrate the 

development trends of energy industry and comparison between different categories 

of fuel, region, countries.  

1. As a matter of convenience in comparison, if there are no special circumstances, 

all energy units is converted to tone of oil equivalent (toe).   

2. The changes of total energy amount and its relevant shares, energy intensity by 

capita and GDP are used as several important indicators for studying the 

development trends of energy.  

3. In the status study of world energy use, total primary energy use is used to analyze 

the changes trends of energy sources and in different region. Final energy use, 

which is based on IEA statistics, is used to analyze the different development 

trends in end-use sectors. The most recent proved reserves statistics is used for the 

study of world energy resources reserves.   

4. Difference-value between energy production and consumption is an important 

indicator used to discuss the balance of energy industry whether one region is 

surplus or deficit in total primary energy or single energy source.  

5. Top 10 to 25 countries of total primary energy production and consumption, 

different energy resources reserves, fuel production and consumption are used to 

discourse how uneven the world energy industry is.  

6. As the largest international bulk trade commodities and most important energy 

source, oil prices changes is used to analyze how oil affects international energy 

market and other energy industry.  

7. CO2 emission changes by fuel and by region, and emission intensity per GDP & 

per capita are used to analyze development trends in energy-related CO2 

emission. 
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4. Status of World Energy use and Its Characteristics 

4.1.Strong Growth in World Energy Demand 

Under the influences of global economic development and population growth, the 

world primary energy use continues increasing. Mankind has used more energy in the 

20
th

 century than it had in the preceding hundred centuries together. Energy use grew 

20-fold between 1850 and 2000, and fossil-fuel consumption grew 140-fold at the 

same time
【3】

. This demand trend is also being accelerated in the beginning of 21
st
 

century. According to the statistics from Energy Information Administration (EIA), 

between 1970 and 2006, world’s total primary energy use increased by 128%, from 

5216Mtoe to 11901Mtoe, at an average annual rate of 2.32%. That is also up 67% 

from 7137Mtoe in 1980
【4】

. In the past years of the new millennium, the growth rate of 

world energy use has accelerated. Between 2000 and 2006, the annual rate increased 

to 2.9% (Figure 02). This really is a huge increase, both in absolute terms and relative 

to consumption in general.  

Figure 02: World Total Primary Energy use, 1970 – 2006
﹙3﹚  

                   

 

(3). Source: History: Energy Information Administration (EIA), International Energy Annual 2006 

There are lots of drives of increase in world energy use, which include activity drivers 

(population growth, industrialization, urbanization, globalization, building and 

transportation), economic drives (GDP, incomes) and energy intensity trends (energy 

intensity of energy-using equipments, appliances, vehicles). These factors are in turn 

driven by changes in customer preferences, energy and technology costs, technical 

changes, economic conditions, pattern of infrastructures, and life style.  

Population Growth   People must use energy for daily lives. Everyday we need 

fuels for cooking, vehicles, household appliances. Some of the energy use is driving 

by the rising standards of living, but much of the increased energy demand stems 

from population growth which is intensifying the demand for – and consumption of – 

nonrenewable energy sources. As of March 2009, the world’s population is estimated 

to be about 6.76 billion, which increased by 82.2% than 3.71 billion in 1970, and it 

will be 8.37 billion in 2030.
【5】

  

Industrialization and Urbanization   The operation of our present industrial 

civilization, like businesses and factories, is wholly dependent on access to a very 

large amount of energy of various types. As economies industrialize, energy demand 
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increases. Today more and more people live in the urban area, especially in emerging 

markets, cities are expanding, and this causes great deal of construction of 

infrastructure and building which need energy support.  

Globalization   The globalization results in the rapid development of international 

exchange and trades, and it is unable to go without transportation and communication. 

Transportation is one of the largest consumers of energy in the world. That makes the 

rapid increase in the global transport sector, particularly the world’s vehicle fleet. 

Motor vehicles (cars, trucks, buses and scooters) account for nearly 80 percent of all 

transport-related energy. In 1950, there were only 70 million vehicles on the world’s 

road. As of Q2, 2007, it was estimated that more than 800 million cars were registered 

on the roads
【6】

. The expansion growth of vehicle number has been accompanied by a 

similar linear growth in fuel consumption. In 2007, more than 1.15 billion cellular 

phones were sold worldwide, and the rate is still increasing. People in the world 

always want to get bigger, faster, higher and more communicative consumer goods
【7】

. 

Economic Development (GDP)   Along with the rapid scientific and technologic 

development, the world economy grew quite fast. Between 1970 and 2008, the 

average annual growth rate of world GDP was 3.2%. The annual rate in advanced 

countries was 2.1%, and 3.6% in developing countries. As representative of the 

emerging market, China and India have really developed fast over the past decades. 

Since China’s internal reforms at end-1970s, Chinese economy was pushed to new 

heights. Between 1978 and 2008, China achieved an average annual GDP growth rate 

of 10%
【8】

. India also developed very fast over the past decades, its annual growth rate 

in recently years was close to 7%. Most economies, especially the developing 

countries, were promoted by the investments on public infrastructure and manufacture, 

and energy was the second hand of driving forces. When the economy developed, 

people can get more income, and they want cars, air conditioners, refrigerators, and 

other energy hogs. Taking the changes of Chinese energy structure over past 30 years 

as a typical example (Figure 03), we can know how strong the growth in energy 

demand of emerging economies is. 

Figure 03: China’s Total Energy use and Its Intensity by GDP & Capita, 1980-2006 

   

As the statistics from National Bureau of Statistics of China, between 1978 and 2006, 

the population of China increased by 36.6% from 0.96 billion to 1.32 billion, its GDP 

increased by 57 times from 3.645 trillion RMB (¥) to 211.808 trillion RMB (¥), the 

total energy use in this period time increased by 331% from 571 million tons of 
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standard coal to 2463 million tons of standard coal. In the recent 5 years, China’s 

growth rate in energy use was 5 times of average level of other region and the energy 

use in 2006 increased by 9.6% than that in 2005. Since year 1992, China changed an 

energy surplus country into an energy deficit country, and the gap between energy 

production and consumption was 252 million tons of standard coal in 2006. Its energy 

shortage has become severer and severer. As the abundant energy resources in China, 

coal and natural gas were mainly supplied by native production. The growth rate in 

coal consumption was very striking, especially in past 10 years. But the oil has great 

degree of dependence on imports; since year 1993, China changed into net oil 

importer, the demand for global oil increased rapidly. In 2003, China became the 

second biggest oil importer in the world, and the degree of dependence on import has 

increased from 6.7% in 1995 to 48.8% in July 2007. It is estimated by International 

Energy Agency that this degree will reach 61% in 2010 and 80% in 2030. Since 

Chinese population growth rate was smaller than the growth rate in energy use, the 

energy use intensity per capita increased from 0.44toe/capita to 1.42toe/capita. On the 

contrary, the energy use per thousand (2000) US$ decreased a lot from 2.38toe/ 

thousand (2000) US$ in 1980 to 0.88toe/ thousand (2000) US$ in 2006, but the 

decline trends slowed down recently.
【8】

  

4.2.Trends a Better Quality Energy use Structure 

As a drive of humans’ production and lives, energy is closely interrelated to modern 

social development and economic prosperity. The global energy structure has to 

change to follow the corresponding driving forces, including economic development, 

population growth, fossil resources depletion, increased energy price, regional 

political status, energy supply security, environmental protection and sustainability 

development and others. The world energy use structure has been trending towards 

better, but the regional differences still are significant.  

Before the industrial revolution, most goods and services were produced with the 

energy use from humans, animals, sun, wood and other biomass, and early forms of 

hydropower. At present, most of the world energy use is supplied by the fossil fuels, 

and the rest part supplied by non-fossil energy sources such as nuclear, hydroelectric, 

solar, biomass wind power and others. Since the industrial revolution in 1870’s, the 

fossil fuel consumption rose rapidly, coal was the based fuel in the early stage. In 20 

century, especially since World War II, the production and consumption of oil and 

natural gas have increased steadily, and oil, for the first time, became the leading fuel 

instead of coal in 1960’s. Though the twice global oil crisis happened in 1970’s, it 

could not slow down the growth trends in oil demand. Latterly, oil inches down its 

share in total energy demand structure, the share of natural gas and coal has increased 

a lot. However the explosion of oil crisis and a series of environmental problems 

caused by modern industries have made people to profoundly realize limitation of 

fossil fuel recourses reserves and their limited usage. The limited resources and 

limited spatial environments force people to make much positive exploratory 

developments in rational utilization of conventional energy resources and in search of 

renewable energy. In the recent years, by using microelectronics technology, 
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biotechnology, ocean engineering, new material and other technologies, humans has 

made considerable progress in breaking through new energy fields. At the same time, 

nuclear power, hydropower, wind power, geothermal, solar energy, biomass and other 

forms of energy are gradually being developed. A fossil-based energy structure, 

coexisting with renewable energy and new energy, has been the current pattern of 

energy structure.  

In 2006, fossil fuel accounted for 86.3% of world total primary energy use, Nuclear 

power accounted for 5.9%, the renewable sources accounted for 7.9% (Figure 04, 

Figure 05). Of the various types of energy sources, oil still ranked the first in the 

energy use structure, accounting for 36.4% or 4327Mtoe of world total; however its 

proportion has been gradually declining from 46.3% in 1980. Coal ranked the second 

position, accounting for 27% or 3214Mtoe of world total energy use. Before year 

2000, coal’s proportion of total remained declining to 23.5%, but after that it rallied, 

this mainly owned to China’s demand. China has achieved more than 10% growth rate 

in its GDP for recent several years and the rapid economy development must be 

supported by enough energy use. Coal supplies nearly 70% of Chinese energy use, 

and only in the short span of 6 years from 2000 to 2006, the consumption of coal has 

been doubled from 604Mtoe to 1311Mtoe. Natural Gas ranked the third position, 

accounting for 22.9% or 2702Mtoe
【4】

, its proportion of world total has been rising 

steadily.  

Figure 04: Fuel Fraction of World total primary energy use in 1980 and 2006
﹙4﹚  

  

Figure 05: World total primary energy use by Source, 1980 – 2006 (Mtoe) 

(4).*others: net geothermal, solar, wind, and wood and waste electric power; biomass, geothermal and solar 
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The growth in non-fossil fuel and renewable energy use increased fast, especially the 

development and utilization of different new and renewable energy were conspicuous, 

and the developments of solar energy, wind power, geothermal, ocean energy and 

biomass were fastest, but their proportion of total energy is still small. Though nuclear 

power stagnated, even declined in the last two decades in 20 century, since some 

serious nuclear power plant accidents happened, such as Three-miles Island Incident 

in USA, on March 28, 1979, and Chernobyl Plant Incident in Former USSR, on April 

24, 1986. And plant safety and radioactive waste disposal are additional two reasons 

resulting in decline consumption. Recently Nuclear power is attracting new interest 

around the world; more countries began to reassess nuclear power as a clean, 

abundant and economically competitive electricity supply option, especially like 

China and India, those populous countries with rapidly developing economies pursue 

aggressive expansion of all electricity generating option
【9】

. In 2006, nuclear power 

accounted for 5.9% or 700Mtoe, which increased by 266% or 508Mtoe than that in 

1980. In 2006, hydropower, as the world’s most important sources of renewable 

energy and been used for centuries, increased by 298Mtoe or 66% than that in 1980, 

but its proportion still was 6.5% of total that was the same in 1980. The consumption 

of other renewable energy has increased a lot from 74Mtoe in 1980 to 189Mtoe in 

2006, amongst of which 119Mtoe was used as electric consumption, and 70Mtoe used 

as heating or others
【4】

. According to Renewables 2007 Global Status Report from 

REN21, worldwide renewable energy capacity grew at rates of 15-30% annually for 

many technologies during the five-year period 2002-2006 (Figure 06).  

Figure 06: Average Annual Growth Rates of Renewable Energy Capacity, 2002-2006
﹙5﹚ 

Renewable Capacity (2006) Average Annual Growth Rates between 2002 and 2006 
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(5). Source: Renewables 2007 Global Status Report; REN21, from www.ren21.net 
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in all regions. Oil was the third fuel in total consumption increase, accounting for 

21.5%. Asia & Oceania still was the biggest contributor; about 67.9% of increase in 

oil consumption came from this region. Eurasia was the only region where the oil 

consumption decreased and Europe remains the same level in oil consumption. The 

nuclear power increase, accounting for 10.7% of total increase, mainly was 

contributed by Europe, North America and Asia & Oceania where more new nuclear 

reactors started. Hydropower has great developed in Asia & Oceania and Central & 

South America, because of their abundant hydro resources. And these two regions 

contribute 80% of global hydropower increase. Other renewable energy use has 

developed mainly in relative developed region, so most increase in other renewable 

energy use came from Europe and North America
【4】

.   

Table 01: Difference-Value in Fuel Consumption by Region between 2006 and 1980 (Mtoe) 

Region Oil Gas Coal Nuclear Hydro Others Total 

North America 198 125 199 157 25 42 745 

C. &S. America 104 86 10 5 107 6 318 

Europe 1 257 -133 186 13 44 368 

Eurasia -255 274 -100 45 13 1 -22 

Middle East 204 237 9 0 3 0 453 

Africa 76 59 48 3 7 1 194 

Asia & Oceania 697 328 1417 113 130 21 2706 

World Total 1026 1366 1450 509 298 114 4762 
 

As same as region, the characteristics of energy use structure in different countries 

generally depends their own national energy resources, economic and technological 

development. Firstly, in all developed countries, oil share is greater than 30%, such as 

41.9% in the United States, 33.3% in Canada, 35.0% in France, 37.2% in Germany, 

37.4% in United Kingdom, 34.2% in Australia, and 46.1% in Japan. The oil 

consumption ranked the first in 14 countries among the top 20 country consumers. As 

the richest region of oil and gas in the world, and with lower production cost, most 

countries of Middle East depend on oil and gas energy, accounting for about 97% of 

total energy use. For example, the oil share of total energy use in United Arabia was 

60.7%, 43.5% in Iran, 91.4% in Iraq, and 56.2% in Kuwait. And the gas share of total 

energy use in Middle East region was 44.6%, 51.7% in Iran, and 38.9% in Saudi 

Arabia. Besides Middle East, Eurasia is another region where natural gas resources 

reserves are abundant. Gas share in total energy use is also larger there, such as 56.5 

in Russia, 54.77% in Eurasia region. Secondly, in those countries whose coal 

resources are very abundant, coal tends to dominate their energy use structure and has 

larger proportion in total energy use, such as 74.3% in South Africa, 70.5% in China, 

53.3% in India, 44.0% in Australia, and 59.7% in Poland. As coal-resourceful country, 

coal share in the United States was about 22.5%. The coal consumption in 4 countries 

of top 20 energy consumer ranked the first. Thirdly, those countries, which are poor in 

fossil fuel resources, have made vigorous expansion of nuclear power and 

hydropower in terms of their own characteristics of energy structure. According to the 

statistics from World Nuclear Association, in year 2006, France produced 428.7TWh 

(about 36.9Mtoe) nuclear electricity, accounting for 78.1% of total electricity 
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production, and accounting for 28.5% of total primary energy production in France. 

Nuclear power also has a high share in the energy production structure of Japan 

(291.5TWh, 23.2% of total native production), South Korea (141.2TWh, 31.9% of 

total native production). Hydropower plays important role in some countries, such as 

the hydropower production in 2006 reported by UNDATA, the total hydropower 

production in Brazil was 348.805TWh, accounting for 12.3% of total consumption; in 

Canada, the production was 355.511TWh, accounting for 8.7% of total energy use
【10】

.  

4.3.Various Growth Pattern in Regional Energy use 

Over the past 30 years, the total energy use in all the seven major regions of the world 

has increased a lot, but the growth rate was smaller in the North America, Europe 

where the economy, technology and society are more advanced, and their energy use 

proportion of world total has decreased with years. From the Figure 07 below, it can 

be seen that the trends of total primary energy use by region between 1980 and 2006, 

especially in the recent 10 years, the trend curves of China, Asia & Oceania and 

Non-OECD becomes very steep. This exactly presents the energy use in developing 

countries increases quite fast.  

Figure 07: World Annual Primary Energy use by region, 1980 – 2006 (Mtoe) 

 

Though compared with year 1980, energy use in all regions increased a lot, the 

development trends in energy use intensity by population and by GDP are very 

different (Figure 08). The North America had the largest intensity per capita of all 

regions, with an intensity of 7.0toe/capita, which was nearly 4 times of world average, 

1.8toe/capita. Eurasia region had greater changes of this trend curve, because the 

Former Soviet Union used a lot of energy before its disintegration, after that energy 

use there decreased fast until the economy began to recover in 1998. Over the past 30 

years, the intensity per capita increased most fast in Asia & Oceania and Middle East. 

The energy use intensity per capita in Asia & Oceania had doubled than that in 1980, 

but it has 36.5 billion people in 2006, accounting for 56% of world total, and the 

intensity per capita value was only 1.1toe/capita, less than world average. Middle East 

became richer than before because of its abundant oil and natural gas resources 

reserves. Richness has made people there to pursue their better quality of life. Over 

the recent years, the investment on infrasturcture and manufacture has been truning up 

sharply there and people there spend more and more money on the expensive luxuries, 
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energy hods and cars. In all other regions, the intensity per capita has increased, but in 

the mass, the intensity per capita in developing region rises faster than that in 

developed countries, and this value increases much slower than the rising speed of 

world total primary energy use
【4】

. Different from intensity by population, the trend of 

world total primary energy use by GDP (using market exchange rates) presents an 

inching down curve from 0.34 toe/thousand (2000) US$ in 1994 to 0.31 toe/thousand 

(2000) US$ in 2006. Amongst all regions, North America, Europe, Eurasia and Africa 

present clear decline curve, but Asian & Oceania and Middle East present rising 

curves between 1994 and 2006. In the developed regions, most developed countries 

paid much attention to energy conservation and more efficient energy use; this causes 

the energy use intensity by GDP decreased. From a long term perspective, under the 

improvement of production capacity and energy efficiency, technology development, 

the global energy use intensity by GDP will continue declining.  

Figure 08: Total Primary Energy use Intensity by GDP & Population, 1980-2006 

  

OECD & Non-OECD   30-member OECD with 18% of the 2006 world population 

used 51.3% or 6106Mtoe of world total primary energy, increasing 35.7% or 

1608Mtoe than that used in 1980. By contrast, the growth in Non-OECD’s energy use 

was much stronger, with a rate of about 120% from 2639Mtoe in 1980 to 5795Mtoe 

in 2006 (Figure 09).  

Figure 09: Changes of Primary Energy use by fuel in OECD & Non-OECD, 1980-2006 

   

During this time period, many economies of Non-OECD, such like China, India, 
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also grew fast. The fraction of different fuel used in OECD and Non-OECD has 

changed a lot. Oil still was the largest fuel used in OECD, but its consumption has 

decreased gradually the fraction of world total in both the two country groups. Natural 

Gas, Nuclear power and Hydropower increased in both two groups. Coal has 

decreased its proportion of total energy use in OECD, but it has ranked the first fuel in 

Non-OECD, because in some fastest developing countries of Non-OECD, such as 

China, India and South Africa, coal is their major energy resource and has high place 

in their energy use structure. The increase in hydropower consumption in Non-OECD 

also is quite obvious.  

Continent Region   Asia & Oceania used 33.1% of world total primary energy in 

2006, with an increase of 2707Mtoe from 1232Mtoe in 1980 to 3939Mtoe. It has the 

largest regional increase in primary energy use during this time period. Since 2003 

year, instead of North America, Asian & Oceania’s energy use became the biggest one 

of all continents for the first time, due mainly to the rapid economic growth in China 

and India. The increase in energy use was led by increases in coal consumption 

1417Mtoe, oil 697Mtoe, natural gas 328Mtoe, nuclear power 113Mtoe, hydropower 

130Mtoe and other renewable 21Mtoe. China had the largest energy use, accounting 

for 47% of this region; it also had the fastest growth rate of energy use in the world. 

Since 1980, china’s primary energy use has increased 3.3 times, with an average 

annual growth rate of 5.7%. China not only is a big coal producer, but a big coal 

consumer. Coal supplies nearly 70% of total energy demand of china. From the Figure 

10 below, it can be seen that the rising curve of coal consumption is very steep, 

especially since year 2000. As the second economy in the world, Japan always has the 

most serious problem energy shortage, 80% of its energy demand depends on imports 

in 2006. Its energy use accounted for 15% of the region, and followed by India (11%). 

The Four Asian Tigers: Singapore, Hong Kong China, Taiwan China and South Korea, 

as Newly Industrial Economics, depend heavily on the energy imports, and together 

used 11% of primary energy in this region in 2006.  

Figure 10: Primary Energy use Structure in Asia & Oceania, 1980-2006 

   

In North America, the total primary energy use accounted for 25.7% of world total in 

2006, increased by 747Mtoe from 2307Mtoe in 1980 to 3054Mtoe in 2006 (Figure 

11), led by increase in coal 199Mtoe and oil 198Mtoe, nuclear power 157Mtoe, 

geothermal, solar, wind, biomass, waste and wood renewable energy 42Mtoe and 
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development and use of renewable energy and nuclear power in this region. As the 

first economy in the world, the United States uses most energy in the world. In 2006, 

its production was 1790Mtoe, which only could supplied the two thirds of its demand 

which was 2516Mtoe, accounting for 82% of the region or 21.1% of world total 

consumption. Canada and Mexico also have great annual energy use, Canada 

accounted for 12% and Mexico accounted for 6%.   

Figure 11: Primary Energy use Structure in North America, 1980-2006 

  

In 2006, Central & South America used 5.1% of world total primary energy, with a 

growth rate of 109% between 1980 and 2006, increased from 291Mtoe to 609Mtoe. 

The largest increase occurred in hydropower 107Mtoe, then oil 104Mtoe, natural gas 

86Mtoe. Since 1990, the increase in oil and gas consumption began to accelerate. 

Hydro resources are very rich in South America region, so hydropower has a high 

place in energy sector (Figure 12). Moreover, Venezuelan is abundant in petroleum 

and gas deposits. Brazil ranked the first of energy use, accounting for 40% of this 

region. By having rich reserves in oil and gas, Venezuela has achieved great 

development in energy industry; its energy production has ranked the first in the 

Central & South America, and its consumption was in the second position (13%). 

Argentina followed as the third in consumption (13%). 

Figure 12: Primary Energy use Structure in Cent. & S. America, 1980-2006
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decrease in coal (133Mtoe) over the past 20 years, and the oil consumption has been 

nearly kept in the same level (Figure 13). Compared with other continents, most 

developed countries locate in Europe region, moreover Europe has the shortage of 

energy resources, the primary energy production in 2006 was 1203Mtoe, that could 

only supplied 50% of  its demand, half depended on imports. As the first economy in 

Europe, Germany used 17% of European total energy, followed by France (13%) and 

United Kingdom (11%).  

Figure 13: Primary Energy use Structure in Europe, 1980-2006 

  

Eurasia, region of the Former USSR, was the only one whose growth rate in primary 

energy use was negative, with a decline rate by 2%, due mainly to the disintegration 

of the Former Soviet Uion in 1991 which resulted in its economy stagnating, even 

declining. The trend curve of energy use in this region was of twists and turns 

between 1980 and 2006 (Figure 14). As a matter of fact, the peak of energy use 

1537Mtoe occurred in 1990, then it declined. In 2006, the primary energy use in this 

region was 1156Mtoe, less than 1178Mtoe in 1980. The decreae in energy use was led 

by the oil consumption (-255Mtoe), Coal (-100Mtoe). But the consumption of other 

categories sources increased, amongst them natural gas increased 274Mtoe, nuclear 

power 45Mtoe, hydropower 13Mtoe. Russia is the biggest consumer and producer in 

this region. In 2006, Russia used 766Mtoe primary energy, accounting for 66% of 

Eurasian total, follwed by Ukranie 148Mtoe (13% of Eurasian) and Kazakhstan 

75Mtoe (6% of Eurasian).  
Figure 14: Primary Energy use Structure in Eurasia, 1980-2006 
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1644Mtoe or 13.9% of world total production. Between 1980 and 2006, the energy 

use increased by 453Mtoe or 308%, of which 237Mtoe was in gas, and 204Mtoe in oil 

(Figure 15). Iran was the largest consumer in Middle East, accouting for 32% or 

194Mtoe of this region in 2006. Saudi Arabia 29% or 174Mtoe and United Arab 

Emirates 10% or 62Mtoe of this region followed.  
Figure 15: Primary Energy use Structure in Middle East, 1980-2006 

  

Africa is still relatively backward in the whole economy, but the development over 

past two decades was very great. The total primary energy use on this continent in 

2006 accounted for 3%  or 364Mtoe of world total, which increased by 113% or 

194Mtoe than 171Mtoe in 1980, led by oil consumption 154Mtoe, Coal 105Mtoe, gas 

80Mtoe (Figure 16). The energy use amount was smaller than that in other region, but 

its growth trend is very strong. Africa has aboundant energy resources reserevs, it has 

drawn the eyes of international political and commercial forces and been the new 

contest. More than half of African energy output was exported to other regions. South 

Africa was the largest consumer in Africa, it used 130Mtoe, accounting for 33% of 

African total. Egypt ranked the second, 64Mtoe or 17%, and Algeria ranked the next, 

39Mtoe or 11%.
【4】 

Figure 16: Primary Energy use Structure in Middle East, 1980-2006 
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countries. Final energy use is commonly divided for analytical purpose into three 

major sectors: industry, transport and other sectors, the last including residential, 

commercial, public services, agriculture (include fishing & forestry). Understanding 

patterns in the world energy use by sector is an important part to analyze the global 

development trends in energy use. From a long term perspective, though the oil crisis 

in 1973 and 1979 resulted in short time economic depression and decreased energy 

use, the final energy use in any sectors in present has increased, even doubled. 

According to the statistics from IEA (International Energy Agency)
【11】

, the world total 

final energy use in 2006 was 8084Mtoe, which increased by 73% than that in 1973, 

and 50% than in 1980. Transport sector had the fastest growth in energy use over the 

period 1980-2006 (an average of 2.3% per year), and accounted for 28% of final 

energy use in 2006. Industry followed as the second, accounting for 27%, and then 

residential 24%, commercial & public service 8%, agriculture 2% (Figure 17).  
Figure 17: World Final Energy use by Sector, 1973 – 2006 

  

The share of total final energy use by sector varies in different regions and countries. 

In the developed countries, the energy use fraction of transport and commercial & 

public services are usually greater than that in developing countries. In 2006, OECD 

used 34% of total final energy in transport sector, and 12% in commercial & services 

sector, more than that in Non-OECD (transport 18%, commercial & services 4%). For 

example, in the United States, transport sector used more than 41% of total final 

energy use. The developing countries used more energy in industry and residential for 

economic development and living condition. Figure 18 below shows that Non-OECD 
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33%. In residential sector, Africa used about 54% of total final energy, India used 

42%. If compared intensity by per capita, the energy use in OECD countries was 

3.25toe/year per capita, bigger than 4 times of 0.76toe/year per capita in Non-OECD. 

The United States had the largest value in final energy use per capita; its energy use 

intensity reached 5.24toe/year per capita. As of the second most population, India’s 

final energy use was only 0.34toe/year per capita (Figure 19). However, in the 

developed countries, though the energy use per head is great, the energy use by real 

GDP (Gross Domestic Product) is less. The energy use by real GDP in OECD was 

0.13 toe/thousand (2000) US$, only 27.6% of that in Non-OECD countries 
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(0.47toe/thousand (2000) US$). In all countries, Russia had the biggest value, 1.16 

toe/thousand (2000) US$ (Figure 20).  

Figure 18: Fraction of Final Energy use by Sector in Different Region/Country, 2006 

 

Figure 19: Final Energy use by per Capita, 2006 

Figure 20: Final Energy use by real GDP, 2006
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total energy use from 33% in 1980 to 27% in 2006, because most developed countries 

used less energy in industry sector by improvements in energy efficiency, technology 

development and major production structural changes. Since year 2003, it was 

inspiring that the energy use in industry sector presented a downward trend; the oil 

and gas consumption had great decrease in 2004. But in 2006, it started rising again, 

due mainly to the increase in coal consumption from China, and in global electricity 

consumption. Between 2001 and 2006, the global coal consumption increased by 42%, 

electricity consumption increased by 26%. On the constraint, the oil consumption 

decreased by 44% and natural gas consumption decreased by 15% (Table 02).  

Table 02: World Energy use by Sector, 2006 (Mtoe)
﹙6﹚ 

 1973 1980 2001 2002 2003 2004 2005 2006 

Industry 1545 1779 2201 2242 2326 2058 2093 2180 

Coal 357 421 386 382 410 496 514 550 

Oil 447 474 590 614 617 223 325 329 

Gas 362 422 510 515 540 458 432 434 

Electricity 234 297 455 473 486 513 532 560 

Other fuels* 145 165 260 258 273 368 290 307 

Transport 1080 1245 1802 1837 1895 1975 2183 2226 

Oil 1020 1187 1716 1746 1798 1864 2067 2105 

Bio fuels 0.33 2 9 9 10 16 19 24 

Others fuels 59 57 77 82 87 95 97 98 

Others 1763 2006 2793 2814 2850 2933 2933 2938 

Coal 225 244 112 106 110 114 113 114 

Oil 521 481 516 505 489 503 496 472 

Gas 273 346 573 580 590 587 598 592 

Electricity 194 273 617 646 658 704 738 764 

Others 550 661 975 977 1003 1025 988 995 

Non-energy 

use 

284 348 198 201 217 678 703 740 

Total 4672 5378 6995 7095 7287 7644 7912 8084 

(6).Other fuels* include geothermal, solar, wind and heat, Non-energy use includes petrochemical feedstock 

Transport sector uses energy in moving people and goods by road, railway, air, water 

and pipeline, so oil is the main fuel used in this sector. Nowadays, increased industrial 

output requires the movement of raw materials to manufacturing sites and final 

products to end users. With the improvement of living condition and development of 

social economy, the demand for people travel in all over the world steadily increase. 

Growth in economic activity and population growth are the key factors that determine 

energy use in transport sector. Over the past 30 years, the energy use in transport 

sector has doubled, its growth trend in both the amount and share of total final energy 

use will continue and seen much stronger
【12】

. 

In residential, commercial & public service, agriculture sectors, the coal consumption 

has kept fall, mainly due to the decrease in residential. Now people use less coal for 

heating than before, but more gas and electricity instead. Since year 2000, the coal 

consumption in these sector keeps on the annual consumption of 114Mtoe, which is 
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nearly half of that in 1970’s. The annual oil consumption in these sectors did not 

change much, always fluctuated around 500Mtoe. Electricity consumption increased 

by about 73% than that in 1980, but the growth rate begun to slow down in the 

millennium. The energy use of geothermal, solar, wind and heat was similar with 

electricity
【13】【14】【15】

.  

4.5. Still Abundant World Energy Resource Reserves, but Trend towards 

Exhaustion of Non-Renewable 

The rapidly increased energy demand and its rising price have made more and more 

people to misdoubt the sustained and stable energy supply. As non-renewable energy 

sources, oil, natural gas and coal have finite supply, and if continued to be used at the 

present rates, it is estimated that the conventional oil will be depleted in 45 years, and 

natural gas in about 60 years – and possibly much longer – with known exploration 

and extraction technologies and anticipated technical progress in upstream operations. 

The coal (as used under current conditions) and unconventional oil resources, and 

nuclear materials, are relatively abundant that they could last for about 120 years. The 

fossil fuel supply has being, is being or will be experiencing the peak in different 

region or countries, and ―Peak fossil fuel‖ has been a world-class crisis. Recently the 

fossil fuel prices fluctuated wildly, mainly because of the global economic recession. 

But in a long-term, in consideration of Geopolitical tension, demand state, production 

costs, extraction technology and environment, fossil energy price will rise. Renewable 

resources are more evenly distributed than fossil and nuclear resources. And energy 

flows from renewable resources are thousands times higher than current total global 

energy use. But the energy use of renewable is tiny part of world energy mix and 

affected by many constrains, including land consumptions, wind patterns, time and 

intensity of solar irradiation, construction costs, a variety of environmental and 

technical concerns. Along with relatively depletion of energy resources in some 

region over the world, energy trade has been extended between regions and between 

countries. At the same time, the transportation demand of energy trade has been 

extended too; people take more and more account of infrastructure of energy storage 

and transportation, and security issues of energy supply.  

Oil Reserves   There are several different categories of oil; each has different costs, 

characteristics. The Oil reserves we often mention usually refer to the estimated 

quantities of crude oil that geological and engineering data demonstrate with 

reasonable certainty can be recovered in future years from known reservoirs, 

assuming existing technology and current economic and operating conditions. The 

total estimated amount of oil includes both producible and non-producible oil. The 

total world oil reserves are mainly composed of conventional oil (about 30%), oil 

sands bitumen (30%), extra heavy oil (25%) and heavy oil (15%)
【16】

. As most recent 

table posted by EIA on 3
rd

 March 2009, proved world oil reserves of 1
st
 January 2009, 

as reported by Oil & Gas Journal, were estimated at 1342 billion barrels
 
---10 billions 

barrels (about 0.9%) higher than the estimate for 2008, more than double of the 

estimate for 1980 (645 billion barrels). If calculated by a production of 83 million 

barrels per day, oil will be depleted in 44.3 years
【17】

. Since 2003 year, the Oil & Gas 
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Journal began to include Alberta’s oil sand reserves in the estimated reserve for 

Canada, so this was great different from BP Statistical Review and World Oil. 

According to its statistics, 55.6% of world’s proved oil reserves are located in Middle 

East (Figure 21). All OPEC member countries are comprised in the top 25 oil reserve 

holder in 2009, together accounting for 70% of the world’s total (Table 03).  

Figure 21: Historical and Most Recently World Proved Oil Reserves as of 2009.01.01  

   

Table 03: Top 25 countries of proved World Oil Reserves (Billion Barrels)  

Country Reserves 

(b.bl) 

Percentage Country Reserves 

(b.bl) 

Percentage 

Saudi Arabia 266.7  19.9% Brazil 12.6  0.9% 

Canada 178.1  13.3% Algeria 12.2  0.9% 

Iran 136.2  10.1% Mexico 10.5  0.8% 

Iraq 115.0  8.6% Angola 9.0  0.7% 

Kuwait 104.0  7.7% Azerbaijan 7.0  0.5% 

Venezuela 99.4  7.4% Norway 6.7  0.5% 

UAE 97.8  7.3% India 5.6  0.4% 

Russia 60.0  4.5% Oman 5.5  0.4% 

Libya 43.7  3.3% Sudan 5.0  0.4% 

Nigeria 36.2  2.7% Ecuador 4.7  0.3% 

Kazakhstan 30.0  2.2% Malaysia 4.0  0.3% 

United States 21.3  1.6% Top25 Countries 1302.4 97.0% 

China 16.0  1.2% Rest of World  39.6 3.0% 

Qatar 15.2  1.1% World 1342 100.0% 
 
 

Natural Gas    Natural gas is mostly made up of methane, it is highly flammable. 

Natural gas is usually found near oil underground, in coal beds. Over recently years, 

when available at competitive prices, gas has seized emerging growth opportunities, 

and strengthening its position in world energy use, especially in the residential and 

industrial sectors, and even more in the power sector. Gas currently accounts for more 

than 23% of the world energy mix. World natural gas reserves have generally trended 

upward over the past 30 years; especially many countries explored substantial gas 

reserves in recently years. I.e. compared in year 2005, Iran increased its gas reserves 

by 51.6 TCF, United States 45.2 TCF, China 26.7 TCF, other countries whose reserves 

exceeded 10 TFC included Saudi Arabia, Turkmenistan, Kazakhstan, Venezuela and 

Indonesia. From the below figure 03, as reported by Oil & Gas Journal, proved world 
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natural gas reserves of January 1
st
, 2009, were 6254 Trillion Cubic Feet (equal to 

7.352E+14 m
3
). This amount of proved reserves increased 1.4 times of that in 1980

【17】
. 

But since 2004 year, reserves have remained relatively flat. If calculated by a 

production of 104 TFC per year, it will be depleted in 60.1 years. Like oil reserves, 

Middle East ranked the first region, accounting for 41.4% of the total world gas 

reserves (Figure 22). Eurasia followed as the second, accounting for 31.9% of the 

world. Proved gas reserves in the top 25 countries accounted for 97% of world total, 9 

members amongst that were from OPEC, together accounting for 48.6% of world gas 

reserves (Table 04).  

Figure 22: Historical and Most Recently World Proved Natural Gas Reserves as of 2009.01.01 

   

Table 04: Top 25 countries of proved World Gas Reserevs (Trillion Cubic Feet) 

Country Reserves 

(TCF) 

Percentage Country Reserves 

(TCF) 

Percentage 

Russia 1680 26.9% Norway 82 1.3% 

Iran 992 15.9% China 80 1.3% 

Qatar 892 14.3% Uzbekistan 65 1.0% 

Saudi Arabia  258 4.1% Kuwait  63 1.0% 

United States 238 3.8% Egypt 59 0.9% 

UAE 214 3.4% Canada 58 0.9% 

Nigeria 184 2.9% Libya 54 0.9% 

Venezuela 171 2.7% Netherlands 50 0.8% 

Algeria 159 2.5% Ukraine 39 0.6% 

Iraq 112 1.8% India 38 0.6% 

Indonesia 106 1.7% Pakistan 31 0.5% 

Turkmenistan 94 1.5% Top25 

Countries 

5887 94.1% 

Kazakhstan 85 1.4% Rest of World  367 5.9% 

Malaysia 83 1.3% World 6254 100.0% 
 

Coal   Though coal resources are widespread in the world, the distribution has great 

imbalance. Most coal resources reserves locate in Europe & Eurasia, Asia & Oceania 

and North America. On a global basis, coal is once again the most rapidly growing 

fuel amongst the major energy sources. As a fossil fuel, coal is the largest source of 

energy for the generation of electricity worldwide, as well as one of the largest 

worldwide source of carbon dioxide emissions. According to the characteristic, 

heating value grades, coal is mainly classified in anthracite, bituminous, 
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sub-bituminous and lignite. Others include peat, graphite and so on. According to BP 

Statistical Review of World Energy in 2008, the proved world coal reserves at the end 

of 2007 were 847.5 Billion tones, including 430.9 Billion tones of anthracite and 

bituminous, 416.6 Billion tones of sub-bituminous and lignite. The reserves decreased 

27.8% or 326.5 Billion tones than corresponding total at end of 1990. World coal 

reserves have declined gradually
【18】

. If calculated by a production of 7.1 billion tones 

per year, it will be depleted in 119 years. Europe & Eurasia had 32.12% of world coal 

reserves; Asia & Oceania had 30.4%, very close to that in Europe & Eurasia; only 

about 0.16% of world coal located in Middle East (Figure 23). Coal resource deposits 

are distributed widely, but most of the world proved coal reserves (about 82%) located 

in six countries. The United States has the largest reserves of the world, followed by 

Russia, China, Australia, India and South Africa (Figure 05).  

Figure 23: Historical and Most Recently World Proved Coal Reserves at end-2007 

 

Table 05: Top 15 Countries of Proved World Coal Reserevs (Billion Tonnes) 

Country Reserves 

(B.tonnes) 

Percentage Country Reserves 

(B.tonnes) 

Percentage 

US 242.7  28.6% Brazil 7.1  0.8% 

Russian  157.0  18.5% Colombia 7.0  0.8% 

China 114.5  13.5% Germany 6.7  0.8% 

Australia 76.6  9.0% Canada 6.6  0.8% 

India 56.5  6.7% Czech 4.5  0.5% 

South Africa 48.0  5.7% Indonesia 4.3  0.5% 

Ukraine 33.9  4.0% Top 15 total 804.1 94.9% 

Kazakhstan 31.3  3.7% Others 43.4 5.1% 

Poland 7.5  0.9% World Total  847.5 100% 
     

Nuclear Power & Uranium   Nuclear power is generated from spitting Uranium 

atoms. Uranium is ubiquitous on the earth. Besides as reactor fuel for nuclear power, 

Uranium is also a fuel for nuclear weapons. Compared with other energy resources, 

Uranium has a quite short history, with military demand beginning during the Second 

World War and non-military nuclear power demand in the late 1960’s. Uranium 

reserves are reserves of recoverable Uranium, regardless of isotope, based on a set 

market price. According to the data reported by World Nuclear Association, the 

world’s known recoverable resources of Uranium in 2007 were totaled 5.469 million 

tones. Today, the annual usage to fabricated fuel for current power reactors is about 
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67000 tones of Uranium. If only used in conventional reactors, the world’s present 

measures resources of Uranium are enough to last for over 80 years
【19】

. Moreover on 

the basis of developing geological and technical knowledge, further exploration and 

resources will be created. As shown in the below Figure 24, although there was very 

little Uranium exploration between 1985 and 2001, the world’s known Uranium 

resources were increased very quickly in recently 5 years. The below Table 06 shows 

that Australia has a substantial part of reserves, about 23% of world’s low-cost 

Uranium, followed by Kazakhstan (15%) and Russia (10%). 

Figure 24: Historical and Most Recently World Known Uranium Resources + Exploration
﹙7﹚ 

 
(7). Supply of Uranium; World Nuclear Association, June 2008; from www.world-nuclear.org 

Table 06: Top 15 Countries of World Known Recoverable Resoruces of Uranium(Million Tonnes) 

Country Reserves 

(M.tones) 

Percentage Country Reserves 

(M.tones) 

Percentage 

Australia 1.243 23% Ukraine  0.200 4% 

Kazakhstan 0.817 15% Jordan  0.112 2% 

Russia  0.546 10% Uzbekistan  0.111 2% 

South Africa 0.435 8% India  0.073 1% 

Canada 0.423 8% China  0.068 1% 

USA 0.342 6% Mongolia  0.062 1% 

Brazil  0.278 5% Top 15 total 5.239 96% 

Namibia  0.275 5% Others 0.210 4% 

Niger  0.274 5% World Total  5.469 100% 
 

Though today Uranium is the only fuel supplied for nuclear reactors, besides Uranium, 

Thorium can also be utilized as a fuel after absorbing slow neutrons to produce 

Uranium (
233

U); the isotope PU-239 of Plutonium is one most common fissile nuclear 

fuel. Thorium is reported to be about three times as abundant in the earth's crust as 

uranium
【20】

. 

Hydropower   Hydro power is the world’s most important renewable energy source 

and it has been used for centuries. Hydropower is the energy that comes from the 

http://www.world-nuclear.org/


Master Thesis   (Energy and Environmental Engineering) 

- 25 - 
 

forces of moving water. Currently there are several forms of water power in use or 

development, some of them are purely mechanical but many primarily generate 

electricity (Table 07). Hydropower plays a major role in many countries. As 

hydropower production depends on the available water supply, hydropower resources 

distribution is determined by climate, geographical structure, water environment. 

More than 150 countries of the world have hydropower resources. For more than 60 

of them, hydro produces more than 50% of electricity. According to 2007 Survey of 

Energy Resources publicized by World Energy Council, the Gross theoretical 

capability of world hydropower potential at end-2005 was 41202TWh/yr, the 

technically exploitable capacity was 16494TWh/yr, and the economically exploitable 

capability was 8846TWh/yr. the worldwide installed hydroelectricity capacity in 2005 

was about 778000MWe, and the actual generation was about 2837TWh/yr
【9】

 (Table 

08).  

Table 07: the Broad Categories of Hydropower 
(8) 

Category Hydropower mode 

Waterwheels used for hundreds of years to power mills and machinery 

Hydroelectricity usually referring to hydroelectric dams, or run-of-the-river setups  

Damless hydro  which captures the kinetic energy in rivers, streams and oceans 

Vortex power which creates vortices which can then be tapped for energy 

Tidal power which captures energy from the tides in horizontal direction 

Tidal stream power which does the same vertically 

Wave power which consumptions the energy in waves 

Osmotic power Channel river water into a container separated from sea water by a semi permeable membrane. 

Marine current power which captures the kinetic energy from marine currents. 

OTEC which exploits the temperature difference between deep and shallow waters. 

(8). Source: http://en.wikipedia.org/wiki/Hydropower 

Table 08: Worldwide Hydropower Capability and Actual Generation at end-2005 (TWh/yr)
 (9) 

Region 

Economically 

exploitable 

capability 

Technically 

exploitable 

capability 

Gross theoretical 

capability 
Actual Generation 

Asia 3279 5523 16285 718.172 

North America 1114 3012 8054 675.555 

Cent.& S. America 1624 3036 7121 596.518 

Europe 1632 2714 4945 705.47 

Africa 1007 1852 3884 83.735 

Oceania 69 189 495 40.425 

Middle East 121 168 418 16.864 

Total  8846 16494 41202 2836.739 

(9). Source: http://www.worldenergy.org/documents/hydro_7_1.pdf 

Asia has the largest hydro Gross theoretically capability, accounting for 39.5% 

(16285TWh/yr) of world total, and 33.5% (5523TWh/yr) of technically exploitable 

capability, and 25.3% (718TWh/yr) of hydro generation. China has the largest 
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hydropower resources of all countries in the world, with a huge territory and a host of 

rivers (Table 09).  

Table 09: Top 15 Countries Technically Exploitable Capability in 2005
﹙10﹚

 

Region Economically 

exploitable 

capability 

Technically 

exploitable 

capability 

Gross theoretical 

capability 

Actual Generation 

China 1753 2472 6083 337 

USA 501 1752 4485 337.4 

Russia 852 1670 2295 179 

Brazil 811 1488 3040 269.6 

Canada 536 981 2216 358.6 

Congo 419 774 1397 5.8 

India 600 660 2638 97.4 

Indonesia 40 402 2147 9.831 

Peru 260 395 1577 18 

Tajikistan 264 264 527  

Ethiopia 160 260 650 2.848 

Venezuela 130 246 320 77 

Pakistan  219 480  

Turkey 130 216 433  

Norway 187 200 560 136.4 

(10). Source: http://www.worldenergy.org/documents/hydro_7_1.pdf  

Other Renewable   Solar energy, the radiant light and heat from the sum is the 

most important energy humans have harnessed since ancient times. Our earth receives 

174 PW of incoming solar radiation at the upper atmosphere, about 3o% of which is 

reflected back to space while the rest (about 3850000 EJ/year) is absorbed by clouds, 

oceans and land masses. The amount of solar energy reaching the surface of our 

planet each year, 3850000EJ or 92 × 10^6Mtoe, is so vast, nearly about twice of the 

energy obtained from all of the earth’s non-renewable resources of coal, oil, natural 

gas and mined uranium. Except the natural way to absorb solar energy, only a 

minuscule fraction of the available solar energy is used by using solar technologies 

which include solar lighting, solar thermal, solar power (photovoltaic), solar chemical, 

solar vehicle, etc
【21】

. 

Wind energy, also called one secondary solar resource, is stored in wind movements 

which caused by temperature difference of the atmosphere. Humans have been using 

wind power for a few thousand years, e.g. sailing ships, wind-driven natural 

ventilation, and pumping water in irrigation. According to some study of global wind 

power, it was estimated that the global wind power potential is about 72 TW 

(54000Mtoe/year). Wind power is a useful form of wind energy conversion, such as 

using wind turbines to generate electricity. The energy a wind turbine can produce 

mainly depends on the strength of wind which varies in different region
【22】

.  

Biomass or bio-fuel is material derived from recently living organisms, including 

plants, animals and their by-products. Biomass is a renewable energy source based on 

http://www.worldenergy.org/documents/hydro_7_1.pdf
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the carbon cycle, and made from many types of waste organic matter of animal and 

vegetable, such as manure, garden waste, crop residues, wooden pallets, and 

agriculture waste, by using conventional technology. Biomass can be solid, liquid or 

gaseous fuel, and has many different types, mainly include vegetable oil, biodiesel, 

bio-alcohols, biogas and dried solid bio-fuels. Photosynthesis captures about 3000EJ 

(71650Mtoe) per year in biomass from solar energy. Bio-fuel industries have been 

established in many countries; especially many developing countries have extensive 

biomass resources.  

Geothermal is one renewable energy source which was developed fast over past 

several years. Geothermal is one kind of energy extracted from the heat stored in earth, 

originates from radioactive decay of minerals, solar energy absorbed at the surface of 

our earth. In the past, it was used for space heating and bathing; now it is better 

known for generating electricity. In 2007, about 10 GW of geothermal electricity 

capacity was installed in 24 countries around the world, and 28 GW of direct 

geothermal heating capacity for district heating, space heating, hot baths, industrial 

processes, farm applications in more than 70 countries
【23】

.  
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5. Balance and Trends of world Energy Supply and Demand  

5.1.Total Primary Energy 
【4】

 

Global   From a global perspective, world energy primary production is always 

intimately tied and pulled by demand, and moreover, the current energy resources 

reserves still are relatively bountiful, so that now it still is not a problem to keep the 

balance between energy supply and demand. The different value between annual 

global energy production and energy use is less than 1%. In 2006, the total primary 

energy production was 11829Mtoe, close to the energy use 11901Mtoe; the surplus 

part was supplied by the previous storage energy resources. If showing their trends 

over the past 30 years in the same amount-time figure, the two curves basically are 

overlapping. Currently the annual global output of the various types of energy sources 

also can keep in step with the demand. The Table 10 below shows the global 

production and consumption by fuel in different years
【4】

.  

Table 10: Comparison between Production and Consumption by fuel (Mtoe) 

Fuel 1980 1985 1990 1995 2000 2005 2006 

Oil 

  

Production 3355  3054  3433  3574  3943  4262  4252  

Consumption 3302  3101  3438  3594  3917  4281  4327  

Gas 

  

Production 1379  1618  1917  2027  2293  2640  2702  

Consumption 1356  1599  1898  2046  2293  2698  2722  

Coal 

  

Production 1796  2073  2294  2231  2279  3076  3238  

Consumption 1764  2077  2249  2230  2359  3068  3214  

Hydro 

  

Production 451  515  563  639  675  730  749  

Consumption 451  515  563  639  675  730  749  

Nuclear 

  

Production 191  386  513  586  646  694  699  

Consumption 191  386  513  586  646  694  700  

Others 

  

Production 74  96  100  119  136  173  188  

Consumption 74  96  100  118  137  173  190  

World 

Total 

  

Production 7246  7742  8820  9175  9972  11575  11829  

Consumption 7137  7774  8761  9213  10028  11644  11901  
 
 

Regional   If analyzing from a regional perspective, the energy supply and demand 

in any region is out of balance, mainly due to widely difference of energy resources 

reserves and different level of economic & technological development by region. For 

example, worldwide oil and natural gas resources are mainly concentrated in Persian 

Gulf, Russia, Atlantic Coast (the North Sea, West Africa, Venezuela, etc.). The coal 

distribution is much wider; relatively centers in the continents of Asia and Eurasia. 

OECD includes all developed countries, its primary energy production in 2006 was 

4121Mtoe, accounting for 34.8% of world total, with a growth rate of 30% between 

1980 and 2006 which was less than its growth rate (36%) in consumption. Nearly two 

thirds energy demand of OECD needs import from Non-OECD countries. So the 

energy shortage problem is getting more serious in OECD. Since most energy 

producers center in Non-OECD, such as OPEC countries, Russia, China, the energy 

production increased by 89% from 4070Mtoe in 1980 to 7708Mtoe in 2006, but this 
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growth rate also was less than its growth rate (119%) in consumption of 

corresponding period. The major energy production regions constantly adjust and 

increase their energy output to supply the growing demand of international energy 

market. The region-wise energy production and consumption, and their D-value 

between 1980 and 2006 is given in the Table 11 and Figure 25.  

Table 11: Comparison of Energy Production and Consumption by Region in 1980 & 2006
﹙11﹚

 

Region Production (Mtoe) Consumption (Mtoe) D-Value*(Mtoe) 

 1980 2006 Growth 1980 2006 Growth 1980 2006 

North America 2098 2536 21% 2307 3054 32% -209 -518 

Cent.& S. America 304 731 140% 291 609 109% 13 122 

Europe 1015 1203 19% 1811 2178 20% -796 -975 

Eurasia 1423 1766 24% 1178 1156 -2% 245 610 

Middle East 1065 1644 54% 147 600 308% 918 1044 

Africa 438 889 103% 171 365 113% 267 524 

Asia & Oceania 903 3061 239% 1232 3939 220% -329 -878 

World total 7246 11829 63% 7137 11901 67% 109 -72 

OECD 3176 4121 30% 4498 6106 36% -1322 -1895 

Non-OECD 4070 7708 89% 2639 5785 119% 1431 1923 

(11). D-value* = annual energy production – annual energy use 

Figure 25: Historical D-Value between Primary energy production and Consumption by Region 

 

Most major developed and developing countries locate in Europe, North America and 

Asia & Oceania, so energy demand there is great. In 2006, Asia & Oceania, North 

America and Europe together used 77% of world total primary energy, and only 

supplied 57% of world total primary energy production; energy is very deficit in these 

three regions. In terms of quantity, Europe is the worst in energy shortage, Asia & 

Oceania and North America follows. But this situation will be changed by Asia & 

Oceania; the energy demand in this region has been accelerating over the past 20 

years, and it will surpass Europe to be the largest energy importer region. On the 

contrary, other four regions have large surplus energy. Middle East has most surplus 

energy production; most countries of this region increased energy output to cater for 

the increasing demand of energy market. The energy surplus in Eurasia and Africa has 

increased very fast because of their increased production.  
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Major Energy Consumers & Producers    In 2006, the United States, China and 

Russia were the leading producers and consumers of world energy. These three 

countries produced 40.9% and used 43.6% of world’s total energy. From Table 12 

below, it can be seen that the top 15 countries of energy production produced 

8442Mtoe energy, accounting for 71.4% of world’s total. They have a common 

characteristic that these countries are rich in fossil energy resources reserves and open 

up them well. E.g. the United States, China, India, Australia, Russia are rich in coal 

resources; natural gas resources are abundant in Russia, Iran, Saudi Arabia; and same 

as others, United Kingdom, Norway, Venezuela are rich in oil resources. The top 15 

countries of energy use together used 8654Mtoe, accounting for 72.7% of world total. 

Some characteristics of them are that these countries are big powers in economy, 

population or energy production. The top 15 consumers together have population of 

37.27 billion, accounting for 57.2% of global population in 2006, it contains all 

countries whose population was more than 1 billion in the world, including China 

(1313.97 million), India (1111.71 million), the United States (298.44 million), Brazil 

(188.08 million), Russia (142.07 million), Japan (127.52 million) and Mexico (107.45 

million). Amongst these top 15 countries, expect Russia, Iran and Saudi Arabia, all 

other 12 countries belonged to the top 15 countries of GDP in 2006. The accumulative 

total GDP of these 15 countries accounted for 77.4% of world total. Iran and Saudi 

Arabia are two important energy producers in the world; their output accounted 8.1% 

of world total in 2006. At the same time, they are big power in population and major 

economies of Middle East region, their investments on infrastructure of energy 

production, public service and economy have increased greatly in recently years, all 

of that need energy to support.  

Table 12: Top 15 Countries of Energy Production and Consumption in 2006 

Country Production 

(Mtoe) 

Percentage 

 of world  

Country Consumption 

(Mtoe) 

Percentage 

 of world 

United States 1790 15.1% United States 2516 21.1% 

China 1707 14.4% China 1860 15.6% 

Russia 1344 11.4% Russia 766 6.4% 

Saudi Arabia 622 5.3% Japan 574 4.8% 

Canada 485 4.1% India 445 3.7% 

Iran 331 2.8% Germany 369 3.1% 

India 312 2.6% Canada 352 3.0% 

Australia 287 2.4% France 288 2.4% 

Mexico 261 2.2% United Kingdom 247 2.1% 

Norway 258 2.2% Brazil 243 2.0% 

Indonesia 242 2.0% Korea, South 238 2.0% 

Venezuela 204 1.7% Italy 203 1.7% 

Brazil 202 1.7% Iran 194 1.6% 

United Kingdom 198 1.7% Mexico 185 1.6% 

United Arab 

Emirates 

198 1.7% Saudi Arabia 174 1.5% 

Others 3387 28.6% Others 3247 27.3% 

World Total 11829 100% World Total 11901 100% 
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5.2.Oil Production and Consumption
【4】

 

Global   As the statistics from EIA, the demand for liquid fuels and other petroleum 

grew from 63.1 million barrels per day in 1980 to 85 million barrels per day in 2006. 

Though the growth of oil demand was very strong in recent years, with the methods of 

improving exploration technologies, scientific and technical innovation, increasing 

extraction efficiency, and the major oil-producing countries and the emerging 

producer, like Saudi Arabia, Russia, Venezuela, can maintain stability increase in oil 

production. In 2006, the world total oil production was 84.6 million barrels per day, 

equal to an annual output 4252Mtoe, which basically kept balance between world oil 

production and consumption. Though oil consumption still was the largest one of all 

type fuels, its proportion of world total energy use has decreased by about 10% than 

that in 2008, and this trend will continue. According to the study from EIA, oil 

consumption will still rank the first of all fuels in 2030, but its proportion will decline 

to 33%. The oil consumption will increase to 97 million barrels per day in 2015, and 

reach 118 million barrels per day in 2030.   

The unbalance of global oil resources distribution results in the special structure of the 

global oil production which can be divided into three big systems. The developed 

countries’ oil production system is made up of two sub-systems: USA-based North 

America production system and UK & Norway-based North Sea production system. 

After more than 20 years’ overload production, the oil production has trended to 

decrease with years. The developing countries’ oil production system is mainly made 

up of China and India, these two large population countries. Indian oil resource 

reserves and its production have little influence on the global oil production structure. 

China oil production system is similar with North Sea system; it produced 4.6% of 

world annual total oil with 1.2% of world proved total oil reserves. Except main oil 

producing countries, other developing countries basically has no influence on global 

oil production system. Oil exporting countries’ production system is mainly made up 

of OPEC countries and Former Soviet Union countries. This system produces about 

60% of world total oil output and supplies 80% of world total oil exports. In the next 

20 years, the evolution of this system will determine the development of international 

oil economy and oil politics
【24】

.        

Regional   In 2006, OECD used 58% of world total oil, increasing 15% or 321Mtoe 

than that in 1980, and Non-OECD used 42% of total, increasing 62% or 704Mtoe than 

that in 1980. However all long, as an organization of developed countries, the oil 

demand of OECD heavily depends on imports not only because of the economy 

development, but the shortage of oil reserves. In 2006 the oil production of OECD 

only supplied 978Mtoe or 23% of world total, which only could support 39.2% of its 

demand. Moreover, according to the statistics, the oil output in OECD has trends to 

decline in recent years, if compared with the peak production of this time period, 

1099Mtoe in 1997, the oil production in 2006 decreased by 11% (Figure 26). The 

Iran-Iraq War in 1980’s and the Gulf War in 1990’s had a certain extent influence on 

international energy market and oil production, but strong growth demand in many 

economies caused the oil production in Non-OECD to rapidly increase. For a quite 
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long time in future, the high position that oil acts in transport sector still can not be 

replaced by other fuels, the increase in oil production trends to continue. 

Figure 26: Comparison of Oil Production and Consumption between OECD and Non-OECD 

  

  

The continent of North America, Asia & Oceania and Europe where the global major 

economic entities locate consumes most oil in the world, together accounting for 77.7% 

of world total oil in 2006. But the production in the three continents was only 29.5 

million barrels per day, accounting for 34.9% of world total. More than half of the oil 

consumption in the three regions depends on imports. Especially the increase in Asia 

& Oceania is the largest, accounting for 129% from 10.7 million barrels per day to 

24.5 million barrels per day. Relatively speaking, the European growth rate of 

increase in oil consumption is smaller; it only increased 2% between 1980 and 2006, 

but the shortage in quantity always is serious. Though in quantity used, the oil 

consumption in the backward economy regions is small, the growth rate has been 

accelerating in recent years. More 3
rd

 world countries in Central & South America and 

Africa have been expanding their economies over the past decades. Middle East, 

richest in oil resource reserves, supplied 30% of world oil in 2006. Since the strong 

growth in oil demand, the major oil production regions have increased more output in 

recent years. The Figure 27 below shows the change trends of oil production and 

consumption in each continent between 1980 and 2006. 

Figure 27: World Annual Oil Production and Consumption by Region, 1980 - 2006 

 
 
Today, the world’s major oil-exporting countries can geographically divided into six 

groups, ―1 major and 5 minor‖. Middle East has 53% share of world total oil export, 

mainly exports to Europe, America, and Asia & Oceania area. North Africa (mainly 

including Libya, Algeria, Egypt and Tunisia) has 9% of world total oil exports, 
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mainly exports to Europe. East Coast of Guinea in Africa (mainly including Nigeria) 

accounts for 7% of world total, mainly exports to West Europe and North America; 

Latin America (mainly including Venezuela and Mexico) has 10% of world total oil 

export, mainly exports to North America; Russia has 9% of world total oil export, 

most part is exported to Europe; The Far East (mainly include Indonesia, Brunei and 

Malaysia) has 5% of world total oil export, mainly exports to Japan.  

Major Oil Producer and Consumer   From the below Table 13, it can be gotten 

that the top 15 countries of oil consumption together used 69.9% of world total, and 

the top 15 countries of oil production together supplied 75.3% of world total output. 

Table 13: Top 15 Countries of Oil Production and Consumption in 2006 

Top 15 Countries Oil Consumption Top 15 Countries Oil Production 

Country Consumption 

(k barrels/d) 

share of  

world oil 

share of 

country 

consumption 

Country Production Share of 

(k barrels/d) world oil 

United States 20687 24.3% 42% Saudi Arabia 10665 12.6% 

China 7235 8.5% 20% Russia 9675 11.4% 

Japan 5198 6.1% 46% United States 8331 9.9% 

Russia 2830 3.3% 19% Iran 4149 4.9% 

Germany 2692 3.2% 37% China 3856 4.6% 

India 2658 3.1% 30% Mexico 3710 4.4% 

Canada 2297 2.7% 33% Canada 3287 3.9% 

Brazil 2255 2.7% 47% AE 2945 3.5% 

South Korea 2180 2.6% 47% Venezuela 2806 3.3% 

Mexico 2078 2.4% 57% Norway 2786 3.3% 

Saudi Arabia 2070 2.4% 61% Kuwait 2678 3.2% 

France 1981 2.3% 35% Nigeria 2443 2.9% 

United Kingdom 1812 2.1% 37% Brazil 2167 2.6% 

Italy 1743 2.1% 44% Algeria 2122 2.5% 

Iran 1655 1.9% 43% Iraq 2010 2.4% 

Others 25608 30.1% (40%) Others 20912 24.7% 

World Total 84978 100% (36%) World Total 84543 100% 
 

In 2006, the United States used 24.3% of world oil, followed by China (8.5%) and 

Japan (6.1%). As the top 1 consumer in the world, the United Stated had been the 

world’s largest oil production center and known as ―Oil Empire‖ until 1960’s, and its 

production accounted for about two thirds of world total oil. But after 1960’s, the 

United States adjusted its policy and changed oil export into oil import, its oil output 

has been keeping downtrend, decreasing by 23% or 2.4 million barrels per day 

between 1980 and 2006. As the biggest 3
rd

 World country, China consumes the oil at 

astonishing speed. Compared with year 1980, China’s oil consumption increased by 

309%, with an average annual rate of 210 thousand barrels per day. Nearly half of the 

oil demand in china depends on imports. Between 1980 and 2006, the Possession of 

Civil Vehicles increased from 1.78 million to 36.97 million. The Possession of Other 
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Motor Vehicles increased from 5.57 million in 1991 to 87.97 million 1n 2006. 

According to the latest report of vehicle sector in China, both of vehicle production 

and sale in March 2009 hit a record high again, both a monthly quantity over 1 

million. Since the Former Soviet Union disintegrated in 1991 and the United States 

decreased its output, the emerging countries in Middle East, such like Saudi Arabia 

and Kuwait, have promoted their position in global oil market. Saudi Arabia has been 

the largest oil-producing country for many years, its output accounted for 12.6% of 

world total in 2006. Russia has the largest increase in oil output over the past ten year, 

it increased by about 3.7 million barrels per day or 61% than the output in 1996.  

Oil Price   Because of the influence of international economic crisis, it took only 5 

months for the price of oil plummet from $147.27 in July 2008 to under $40 in 

December 2008. Meanwhile, oil consumption did not even decrease 10%. Since oil is 

the most important energy fuel, its fluctuation of price directly affects international 

energy price, including the price of coal, natural gas and electricity. What is the real 

cause of this collapse? Global oil supply and demand are the basic factors which 

directly determine the fluctuation in oil price. Besides these, oil price also is affected 

by international politics, economy, emergent events, and business speculation, etc. 

The Figure 28 below can speak volumes for those factors how they affect oil price.  

Figure 28: Oil Price & USA Net Oil Imports, 1970 – 2009
﹙12﹚ 

 
(12). Source: zFacts.com; (1).First Oil Crisis, Yom Kippur War Oil Embargo; (2).Iran Revolution; (3).Iran/Iraq 

War; (4).U.S. Price Controls; (5).Gulf War; (6).OPEC 10% Quota Increase; Asian Financial Crisis; (7).Series of 

OPEC Cuts 4.2 Million Barrels; (8).9/11; (9).PDVSA Strike; Iraq War; Asian Growth; Weaker Dollar; (10).Global 

Econ Crisis. 

Since 1970, the fluctuation in oil price has experienced three different historical 

stages. Firstly, the twice Oil Crisis in 1970’s drove oil price to jump sharply. The 

Saudi Arabian official price of oil in 1970 was $1.8/barrel; it broke $10/barrel in 1974 

during the First Oil Crisis and broke $20/barrel in 1979 during the Second Oil Crisis. 

The oil price broke $30/barrel in 1980; and reached the first peak price $39/barrel in 

the beginning of 1981. Subsequently, the world oil price slipped and launched a stable 

price for twenty years. In the second stage from 1980 to the beginning of 2003, the oil 

price was hovering below $30/barrel. It fell back and closed to $10/barrel in 1986, and 

basically steadied below $20/barrel between 1986 and 1999. At end-1998 and 

beginning-1999, the Asia Financial Crisis caused oil price to drop below $10/barrel. 
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In the third stage, someone calling ―the Third Oil Crisis‖, from 2003 to 2008, the 

world oil price again rose rapidly in a new channel. In early 2003, oil price again 

broke $30/barrel, then no return. In September 2004, affected by the Iraq War, oil 

price broke $40/barrel. In 2005, oil price broken in consecutively $50/barrel and 

$60/barrel, and speeded up to $70/barrel driven by ―Mexico Carter Hurricane‖ in 

August. World oil price broke $70/barrel in September and $80/barrel in October in 

2007. On the first trading day of year 2008, it finally stood above $100/barrel, and 

reached the peak price of $147.27/barrel in July 2008. Now the world oil price has 

entered its Fourth Stage. During the first part of 2008, Western economies were 

already slowing down noticeably and hedge funds gradually pulled trillions of dollars 

out of the market and parked them in energy ETFs. At the time China and India's 

insatiable thirst for oil and the "decoupling" of east/west economies had many believe 

commodities were a "sure thing", a sound enough tangible insurance to protect 

overinflated assets scavenged from made-up bubbles. On top of that, by using 

leverage, speculators multiplied their profit of oil. The explosion of global economic 

crisis in 2008 broken the oil bubble and the oil landscape has reversed dramatically 

recently. The oil price even is lower than production costs and lot of new exploration 

projects are being cancelled. Now many oil producer countries have to sell their oil in 

the low price to support their government projects and plans, or prevent their national 

political instability, meanwhile other countries such like China, are taking the chance 

of low oil price to increase their strategic energy reserves. When the global economy 

recovers, oil price will strongly bounce back, even break new record.  

5.3. Natural Gas Production and Consumption 

Global   As the global oil demand continually increases and its price rapidly rises, 

natural gas has become an important alternative. In the past 30 years, natural gas 

consumption increased most fast among fossil fuels. In 2006, the world total gas 

production was 2702Mtoe, accounting for 22.8% of world total primary energy 

production; this amount was somewhat less than the annual consumption 2722Mtoe in 

2006. Compared with the amount in 1980, gas production has increased by 96% and 

its consumption increased by 100%. Natural gas is often described as the cleanest 

fossil fuel, more efficient and producing less carbon dioxide per joule than either coal 

or oil. According to IEO2008, total natural gas consumption will increase to 158 

trillion cubic feet (about 4135Mtoe) in 2030, and its proportion of total energy use 

will increase to 25%.  

Regional   Between 1980 and 2006, 62% of natural gas consumption increase was 

contributed by Non-OECD countries where the gas consumption increased by 165% 

from 516Mtoe to 1365Mtoe. Meanwhile its natural gas production also increased 

rapidly from 585Mtoe to 1686Mtoe, with an annual growth rate of 4.2%. Since many 

Non-OECD countries are rich in natural gas and it has more advantage than other 

fossil fuel, the strong growth in gas consumption will keep going. In 2006, OECD 

used 1356Mtoe gas, accounting for 49.8% of world total; its growth rate was less than 

that in Non-OECD, but the demand still increased by 61% than that in 1980. About 

one quarter of natural gas demand in OECD needs import from Non-OECD, the gas 



Master Thesis   (Energy and Environmental Engineering) 

- 36 - 
 

production there only increased by 28% between 1980 and 2006 (Figure 29). The 

demand growth in gas will continue and that will further strengthen the regional gas 

trade. Compared with oil, because of itself characteristic of inconvenient 

transportation, the natural gas trade between regions is not as brisk as oil; more gas 

trade is done in the form of liquid gas, or through pipeline transportation if the 

condition permits. From the Figure 30 below, it can be seen that Eurasia and Africa 

have large surplus of natural gas, and Europe has great deficit of gas. 

Figure 29: Comparison of Gas Production and Consumption between OECD and Non-OECD 

  

Figure 30: World Annual Natural Gas Production and Consumption by Region, 1980 - 2006 

 

In other regions, gas supply and demand are basically balanced. North America was 

the largest regional consumer in 2006, with a consumption of 27.16 trillion cubic feet, 

its production of this year was 26.765 trillion cubic feet. No matter production or 

consumption in North America, the growth trends in recent year appear to slow down. 

Eurasia has larger natural gas resources reserves; the gas production in 2006 was the 

largest of all regions, with 29.46 trillion cubic feet, which had a surplus of 5.162 

trillion cubic feet after supporting its local consumption. Most surplus gas of Eurasia 

is transported to Europe. Since the gas demand in both of Europe and Eurasia 

increased very quickly, the growth in gas production of Eurasia is accelerating. As 

deficit in natural gas resources, Europe only produced 11.195 trillion cubic feet gas, 

accounting for 55.2% of its consumption. The gas growth in both production and 

consumption of other four regions increased fast over past 30 years. Except Asia & 

Oceania, other three regions have surplus gas output, and Africa accounted most. 

Africa is rich in gas; its annual gas output in 2006 was 6.591 trillion cubic feet and 

55.3% of that was surplus. Africa has raised the share of world total gas production 
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from 1.3% in 1980 to 6.3% in 2006. But quite a lot of gas resources have not been 

well utilized in Africa. As many countries of Africa still spend lot of money on oil 

and natural gas fuel imports and the gas demand in other regions increased 

continuously, now there are more than 9 countries there, including Nigeria, Algeria, 

Libya, Egypt, Cameroon, Tunisia, Angola, Congo(cloth), Gabon, having been listed 

natural gas exploration and development into important national policy. They have 

made great progress in developing the gas resources through actively utilizing foreign 

investments. In a word, except North America, the gas demand growth in all regions 

will accelerate, and under the demand driving force, the major production regions will 

rapidly increase their output.  

Major Gas Producer and Consumer   In 2006, the United States used 561Mtoe 

(21.653 trillion cubic feet) natural gas, accounting for 24.3% of world total gas 

consumption, but its gas production was less, accounting 479Mtoe or 17.8% of world 

total gas production. Russia was the largest producer of natural gas, accounting for 

600Mtoe or 22.3% of world total gas production in 2006. The Table 14 below has 

listed the top 15 countries of gas production and consumption in 2006. Most 

developed countries consume gas in heating and generating electricity, but in most 

developing countries consumption gas mainly in cooking or producing fertilizer, such 

as China. In the future, along with more advantage of natural gas, this fuel sources 

will be more popular in all countries.  

Table 14: Top 15 Countries of Gas Production and Consumption in 2006 

Top 15 Countries Gas Consumption Top 15 Countries Gas Production 

Country Consumption 

 (Mtoe*) 

share of  

world Gas 

share of 

country 

consumption 

Country Production Share of 

(Mtoe) world gas 

United States 561 20.7% 22.3% Russia 600 22.3% 

Russia 430 15.9% 56.1% United States 479 17.8% 

Iran 99 3.7% 51.3% Canada 170 6.3% 

Germany 91 3.4% 24.7% Iran 99 3.7% 

Canada 86 3.2% 24.3% Norway 83 3.1% 

Japan 84 3.1% 14.7% Algeria 80 3.0% 

United Kingdom 83 3.1% 33.6% United Kingdom 73 2.7% 

Italy 77 2.9% 38.1% Netherlands 71 2.6% 

Saudi Arabia 67 2.5% 38.6% Saudi Arabia 67 2.5% 

Ukraine 66 2.5% 44.8% Turkmenistan 58 2.1% 

Mexico 57 2.1% 30.8% Uzbekistan 57 2.1% 

China 52 1.9% 2.8% Malaysia 57 2.1% 

Uzbekistan 46 1.7% 81.8% China 54 2.0% 

France 46 1.7% 15.8% Indonesia 52 1.9% 

Netherlands 44 1.6% 42.1% Qatar 46 1.7% 

Others 816 30.2% 21.1% Others 648 24.1% 

World total  2,705 100% 22.9% World total  2,694 100% 



Master Thesis   (Energy and Environmental Engineering) 

- 38 - 
 

Natural Gas Prices   The world market for natural gas is fragmented in different 

regional markets, so it is not easy to talk about a world price for natural gas. Although 

there is a market liberalization trend all over the world, in many countries natural gas 

markets are still highly regulated. As a result of different degrees of market regulation, 

natural gas prices differ among countries. In the highly liberalized market, such as in 

the United States, gas prices are very competitive and respond to demand and supply 

forces. On the contrary, in the Russian, where there is a clear monopoly, domestic 

prices are kept artificially low while gas is sold in foreign markets at higher prices in 

order to recover loses. In Europe, sales price for natural gas is most often based on 

competition with alternative fuels. In general, natural gas price is measured in three 

main components, including wellhead price (the cost of natural gas itself or 

commodity cost), long-distance transportation cost, local distribution cost. There are 

many factors affecting gas prices, including perceived supply and demand, 

government policy, political stability, and location. As one energy fuel, gas competes 

with other sources of energy as oil, electricity or coal, gas price is particularly pegged 

to that of oil, since oil is natural gas closest substitute and supply of oil and natural 

gas are closely linked. The Figure 31 below exactly shows how the oil price affects 

natural gas price and how different the gas price is in different countries at the same 

time.  

Figure 31: Gas Price comparison with Oil price and by country
﹙13﹚

 

  
(13). Source: Benchmark and Prices Discovery Mechanism, from www.unctad.org  

5.4. Coal Production and Consumption 

Global    Between 1980 and 2006, the world coal consumption increased from 

1674Mtoe to 3214Mtoe, with an annual growth rate of 2.33%, it experienced three 

growth stages: steady growth stage with an annual growth rate of 1.46% from 1980 to 

2000, rapid growth stage with an annual growth rate of 5.28% from 2000 to 2006. 

Every year, the global coal production was very close to the annual consumption. The 

global increase was mainly contributed by China from Asian & Oceania. According 

to IEO2008, the world coal consumption will increase to 202.2 quadrillion Btu (about 

5095Mtoe), and its share of total world energy use will increase from 27% in 2006 to 

29% in 2030. The international coal trade also will increase rapidly. The most 

increase in coal consumption will be contributed by developing countries, especially 

from Non-OECD Asian countries, such as China, India.  
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Regional   In the mass, Non-OECD countries has quickened its coal production and 

consumption recently and OECD countries trended to slow down. Between 1980 and 

2006, the annual coal production in Non-OECD increased by 169% from 813Mtoe to 

2184Mtoe, the increased mainly centered in recent 6 years. In terms of quantity, the 

annual production in Non-OECD always was greater than its consumption, the surplus 

increased from 18Mtoe in 1980 to 154Mto in 2006 and trends to keep on (Figure 32). 

OECD has decreased its coal consumption proportion of world total from 55% in 

1980 to 37% in 2006, its growth rate was smaller than that in Non-OECD.  

Figure 32: Comparison of Coal Production and Consumption between OECD and Non-OECD

  

Asia & Oceania was the propeller for the strong growth in world coal consumption, 

and trends to continue. Between 1980 and 2006, the coal consumption in this region 

increased by 1417Mtoe, nearly 60% of which increased after year 2000. Since the 

main countries in the region, such as China, Australia, India, are rich in coal resources 

reserves, so the coal consumption amount in 2006 was great, accounting for 

1913Mtoe or 59.5% of world total coal consumption, but the coal production this year 

still was greater than its consumption, accounting for 1942Mtoe or 60% of world total 

coal production. The below Figure 33 exactly shows how strong growth in Asian coal 

industry is.   

Figure 33: World Annual Natural Gas Production and Consumption by Region, 1980 - 2006 

 

Europe is the largest region in coal imports in 2006; the coal production there was 

215Mtoe, which could supply 59% of its annual consumption; but compared with that 

in 1980, it decreased by 52%. No matter in production and consumption, Europe was 

the only one of all regions whose growth rate has trended to be negative. North 

America, Eurasia and Africa also are very rich in coal resources, their coal 

consumption increased steadily over the past decades, but still have surplus in annual 

coal production, and most was exported to Europe. Compared with oil, because of 
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volume cargo, the international coal trade is not very brisk, but along with the 

continuous increase in coal consumption at Far East region, this phenomenon will be 

changed. E.g. China only imported 2.12 million tons of coal in 1990 and 212 tons in 

2000, but the gross import in 2008 increased to 40.4 million tons. According to the 

coal report from China, the growth trends got stronger in the first two month 2009, by 

taking advantage of low price caused by global economic crisis, its coal import in 

February 2009 was 488 tons, which has broke a new record.    

Major Gas Producer and Consumer   China is not only a big coal importer but a 

big exporter, only in recent two years, it became a balance importer. In 2006, China 

used 1311Mtoe coal, accounting for 40.8% of world total, which also accounted 70.5% 

of its total energy use. In this year, China produced 1331Mtoe coal, accounting for 

41.1% of world total output, which still had 20Mtoe surplus in coal production for its 

consumption, most Chinese coal exports was sent to Japan. The top 15 countries of 

coal consumption together used 90.1% of world total coal in 2006, and the top 15 

producer together produced 95.9% of world total coal production (Table 15). Many 

developing countries in Asia and Africa, such as China, India, and South Africa trend 

to grow rapidly in coal consumption in the future, if there will no other betters 

substitutions of energy sources. On the contrary, most developed countries, such as 

the United States, Germany, and United Kingdom have slow down the consumption 

of coal, even decreased, and the trends will keep on going.  

Table 15: Top 15 Countries of Coal Production and Consumption in 2006 

Top 15 Countries Coal Consumption Top 15 Countries Coal Production 

Country Consumption 

 (Mtoe) 

share of  

world Coal 

share of 

country 

consumption 

Country Production Share of 

(Mtoe) world Coal 

China 1311 40.8% 70.5% China 1331 41.1% 

United States 567 17.6% 22.5% United States 599 18.5% 

India 238 7.4% 53.4% Australia 216 6.7% 

Japan 117 3.6% 20.3% India 207 6.4% 

Russia 115 3.6% 15.0% Russia 155 4.8% 

South Africa 97 3.0% 74.6% South Africa 145 4.5% 

Germany 84 2.6% 22.8% Indonesia 125 3.9% 

Australia 62 1.9% 44.1% Poland 67 2.1% 

Poland 58 1.8% 59.8% Germany 55 1.7% 

Korea, South 56 1.7% 23.5% Kazakhstan 44 1.4% 

Taiwan 44 1.4% 38.0% Colombia 43 1.3% 

United Kingdom 43 1.3% 17.2% Canada 38 1.2% 

Ukraine 37 1.2% 25.0% Ukraine 34 1.0% 

Canada 36 1.1% 14.3% Vietnam 24 0.7% 

Kazakhstan 32 1.0% 42.5% Korea, North 21 0.7% 

Others 319 9.9% 8.1% Others 134 4.1% 

World Total 3214 100.0% 27.0% World Total 3238 100% 
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Coal Prices   Compared with oil and gas prices, coal prices have historically been 

lower and more stable. Coal is the most affordable fuel for power generation in many 

developing and industrialized countries, about 40.8% worldwide electricity was 

generated from coal in 2006, and it is likely to remain this trend. But along with the 

compounded impact of great increase in oil and gas prices, international coal prices 

also widely fluctuated. The Figure 34 below shows some spot coal prices in different 

countries and different products in USA. The coal price of Central Appalachia in the 

United States went up from around $30 per ton in 2000 to around $150 per ton as of 

September 2008. But it declined immediately because of the impact of global 

economic crisis, now it has fallen to around $60 per ton. Besides the upward pull of 

gas and oil markets, the move in coal reflects a combination of buoyant Chinese 

demand, high freight rates, and increased consumption by power producers in Europe 

and North America due to problems with hydroelectric and nuclear power. Many 

experts think now China’s coal price is likely to touch the bottom in April of 2009 on 

the ground of decreasing international coal price and production resumption of small 

coal mines. Two major coal production companies in china, China Shenhua and 

Datong Coal, together raised the coal price by 20% from $68 per ton to $80 per ton in 

April 2009. The First Season Statistics of Chinese Economy in 2009 seems China can 

soon recover from the Eco Crisis. So driven by the global economy recovery, in 

particular by the exceptionally strong Chinese economic growth, the demand growth 

in coal will continue, and the rising trend in coal price looks set to continue. 

Figure 34: World Coal Price by Product 

  

5.5. Electricity Production and Consumption 

World Total   Electricity is the most common and more convenient form of 

secondary energy that is transformed from those primary energy sources. According 

to the different categories of primary energy sources, electricity is usually divided into 

conventional thermal electricity generated from fossil fuels, nuclear electricity, 

hydroelectricity, and other renewable electricity from such as geothermal, solar, wind, 

wood and waste. As distinct from non-renewable energy sources, electricity 

generation and consumption were basically restricted to nationwide; there was less 

electricity trade between countries or regions, so the consumption of energy resources 

could not be optimized. Now the differences in price, generation cost and deficit or 

surplus status between different regions or countries has made politicians and 
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economists interested in creating a new deregulated market between countries or 

regions where producers have to compete for customers, the resources and the 

facilities will be used in a more efficient way. Such as Nord Pool, it was the world’s 

first multinational exchange for trading electricity between Nordic countries, 

including Norway, Denmark, Sweden and Finland. The international electricity trade 

has grown significantly over the last 30 years; if calculated in volume of exports, the 

global electricity trade increased by 300% from 150TWh in 1980 to 608TWh in 2006.  

Between 1980 and 2006, the world total electricity generation increased by 124% 

from 8027TWh to 18015TWh. About 48% of the increase was contributed by Asia & 

Oceania. Compared with that in 1980, the world total electricity consumption in 2006 

increased by 93% to 16379TWh, which accounted for 90.9% of total generation, less 

than 91.4% in 1980. This is mainly due to that while delivering electricity from power 

plant to end user, there are distribution losses; and along with the longer distance to 

deliver, the losses increase. Along with the rapid development of household electrical 

appliances industry, since year 2003, Asia & Oceania has been the largest electricity 

consumer in all regions of the world. In 2006, Asian & Oceania generated 6041TWh, 

accounting for 34% of world total electricity. North America was the second, with 

4903TWh or 27% of world total (Figure 35).  

Figure 35: Trends of Regional Electricity Generation, 1980 - 2006 

  

Figure 36: Trends of Conventional Electricity Generation, 1980 - 2006

   

Conventional Electricity   Conventional energy sources always are on the 

unshakable top position in world electricity generation; its share of world total 

electricity generation declined from 69.2% in 1980 to 61.7% in the mid 1990’s, but 

since that its share has risen again to 66.3% in 2006 (Figure 36). Between 1980 and 
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2006, the worldwide conventional electricity generation increased by 114% from 

5589TWh to 11943TWh. Except Central & South America, conventional electricity 

plays the largest part of total electricity generation in all other regions. Amongst them, 

the production in Asian & Oceania increased most fast. 

Nuclear Electricity   Between 1980 and 2006, nuclear electricity generation 

increased by 289% from 684TWh to 2660TWh, its share of world total electricity 

generation increased from 8.5% to 14.8%. Europe was the largest nuclear electricity 

generator, accounting 958TWh, North America followed with 891TWh (Figure 37). 

Though nuclear electricity output increased a lot, but its share of world total 

electricity generation has trended to decline, its peak value occurred in 1990’s, about 

17.6% in 1996. Nuclear power also can be used as military weapons, the development 

of nuclear power in many countries is forbidden, and many operating nuclear reactors 

confront the problem of aging, so after a period of rapid development from the first 

reactor in operation in 1950’s to year 1989, nuclear power development has relatively 

entered in halt situation. According to the statistics from IAEA-PARIS, as of 31 

August, 2008, 30 countries operated 439 nuclear reactors in the world, which were 

less than 444 reactors in 2002, The worldwide net operating capacity in 2008 was 

372.2GWe, which was also less than 376.8GWe in 2006 (Figure 38). Since 1990, 

there were few new reactors increased, the nuclear electricity generation also had no 

significant increase.    

Figure 37: Trends of Conventional Electricity Generation, 1980 - 2006 

  

Figure 38: Nuclear Reactors & Net Operating Capacity in the World, 1956 - 2008.09
﹙15﹚ 
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Since nuclear power generation needs developed and mature nuclear technology, 

nuclear electricity is generated in those few countries or regions which have grasped 

this technology. The world total nuclear reactors in operation again decreased by 3 to 

436 reactors on 1
st
 April, 2009, 2 reactors were closed in Japan, one in Switzerland. 

According to the latest statistics from World nuclear Association in April 2009, 

besides the 436 reactors with 372.2GWe in operation, there are 44 new reactors with 

38.8GWe under construction in 13 countries, 110 reactors with 121.6GWe planned in 

25 countries, and 272 reactors with 268.9GWe proposed in 37 countries. The United 

States has the largest number, 104 nuclear reactors in operation. In 2006, USA 

accounted for nearly 30% of world total nuclear electricity, and 19.3% of total 

national electricity generation came from nuclear. The nuclear power plant 

performance in USA has shown a steady improvement over the past twenty years, and 

the average load factor now stands at around 90%, up from 66% in 1990 and 56% in 

1980. In 2006, 22 countries amongst the 30 countries depend on nuclear power for at 

least a quarter of their electricity; 12 countries depend on one thirds. France has the 

highest share of total national electricity, accounting for 78.8% in 2006. As shortage 

in fossil fuel resources, more and more developed and rapid developing countries 

have regarded nuclear power as one pillar of their energy policy. If the future science 

and technology can effectively solve those problems of safety in production and 

nuclear waste treatment, and the international politics, economy and military can 

choose or approach a preferred proposal in rational consumption of nuclear energy, 

nuclear power will be the highest hope after fossil fuel times
【25】

.  

Hydroelectricity   The world total hydroelectricity in 2006 accounted for 2997TWh 

or 16.6% of world total electricity generation, which increased by 74% from 

1723TWh in 1980, but its share of world total decreased from 24.5% in 1980. That 

shows the growth rate in hydroelectricity was smaller than that in world total 

electricity generation. Asia & Oceania and Central & South America together 

contributed 76.3% of the increase. Since many new larger hydroelectricity power 

stations was built and put into operation in China and India, Asia & Oceania increased 

its hydroelectricity generation by 203% from 263TWh in 1980 to 797TWh, and it 

became the largest hydroelectricity region producer instead of North America in 2004. 

Along with some new biggest major hydroelectricity projects will be constructed and 

put into operation, the hydroelectricity generation variance leading by Asia & Oceania 

will be further expand. According to related reference material, in the current 24 

major hydroelectricity projects under construction in the world with a total installed 

maximum capacity of that is 107820MW, there are 21 projects with 100650MW (93%) 

capacity locate in Asia. The annual hydroelectricity generation in North America 

fluctuated around a case interval from 580 billion kWh to 680 billion kWh. Having 

rich hydro resource, Central & South America approached great progress in 

hydropower industry, its hydroelectricity increased by 217% from 201TWh in 1980 to 

640TWh in 2006, and the strong growth trends will continue like that in Asia. The 

hydroelectricity developments in other regions are relatively smaller. Europe has a 

longer history in hydropower industry; there are few new hydro resources for 

electricity generation. Eurasia is rich in hydro resources, but most locate in Russia. 
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The hydroelectricity generation is not the best current selection to this vast-land 

country. Africa has many water-plentiful rivers, but the economical condition and the 

resource sharing problem of the rivers flowing through several countries always 

hinder the development. In the future, hydroelectric industry will be greatly developed 

when these obstacles are surmounted. Middle East is poor in hydro resources; its 

generation is insignificant to the world total hydroelectricity (Figure 39).  

Figure 39: Trends of Hydroelectricity Generation, 1980 - 2006 

  

China is the largest generator in hydroelectricity of the world. In 2006, its annual 

hydroelectricity output was 431TWh, accounting for 14.4% of world total electricity 

generation, as well as for 15.9% of its total national electricity generation. Many large 

hydroelectricity projects, including Three Gorges Dam - the largest one in the world, 

have been, are being or will be constructed and put into operation in china. The 

maximum capacity of 20 major projects under construction together totals 98650MW. 

The latest statistics data shows China’s hydroelectricity in 2008 increased to 563TWh; 

its growth is really strong. India is another larger hydroelectricity generator in Asia. 

The Figure 40 below shows the top 10 countries of hydroelectricity generator in the 

world in 2006, and their latest status. Canada was the second largest hydroelectricity 

generator with 352TWh in 2006, but this position was occupied by Brazil in 2008. By 

having several largest dams in the world, Brazil increased its output from 345TWh in 

2006 to 372TWh in 2008. Another South America country, Venezuela also developed 

very fast in hydroelectricity. In Europe, Norway and Sweden lead in hydro electricity 

generation. Norway accounted about 98% of its total electricity generation, ranked the 

first in hydroelectricity share of total
【26】

.  

Figure 40: Top 10 Countries of Hydroelectricity Generation in 2006 
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Other Renewable for Electricity   Besides hydro resources, more other renewable 

resource, such as biomass, geothermal, solar, wind, and so on, are used in generating 

electricity along with technology development. In 2006, the worldwide other 

renewable electricity generation was 414TWh, increased by 13.3 times than 31TWh 

in 1980. Though its share of world total electricity generation still was the smallest 

one, accounting for 2.3% of total, its growth was very strong (Figure 41).  

Figure 41: Trends of Other Renewable Electricity Generation, 1980 - 2006 

  

Europe is the fastest region in other renewable electricity development, with an 

average annual growth rate of 10.5% between 1980 and 2006. Its generation in 2006 

accounted for 183.5TWh or 44.3% of world total other renewable electricity, as well 

as for 11.7% of regional total electricity generation. Germany is leader in other 

renewable energy in Europe, accounting for 51.55TWh. Since 2000, North America 

again accelerated the development in other renewable electricity, after experiencing a 

slow development stage in 1990’s. USA is the largest generator in this field; it 

produced 110TWh electricity from other renewable sources in 2006, accounting for 

26.5% of world total. Recently other renewable energy has gained great development 

in Asia & Oceania and Central & South America. According to Observ’ER (Figure 

42), the electricity generation from biomass in 2007, which groups together solid 

biomass, liquid biomass, biogas and renewable household waste accounted for 

218TWh, or 1.1% of world total electricity generation. It is followed by wind 

electricity (0.85%), geothermal electricity (0.32%) and solar electricity which groups 

thermal (heliothermodynamic) power plant and photovoltaic power plants (0.003%).    

Figure 42:  Other Renewable Electricity Production in the World, 1994-2007
﹙16﹚
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Hydro 3145 87.26% 15.86% 

Biomass 218 6.05% 1.10% 

Wind 169 4.69% 0.85% 

Geothermal 62.6 1.74% 0.32% 

Solar 8.5 0.24% 0.04% 

Marine 0.6 0.02% 0.00% 

Renewable 3604 100.00% 18.18% 

(16). Source: Observ’ER 
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Wind power developed most fast amongst all other renewable electricity. There are 

now many thousands of wind turbines operating in the world, with a total nameplate 

capacity of 121188MW in 2008, which increased by 63.3% from 74223MW in 2006. 

World wind generation capacity more than quadrupled between 2000 and 2006, 

doubling about every three years. 55% of world total wind turbine locates in Europe. 

In recent years, the United States has increased more wind energy than other countries; 

its wind power capacity grew by 117% from 11603MW to 25170MW in 2008
【27】

. The 

Table 16 below shows the top 15 countries of installed wind power capacity in 2008. 

Table 16: Top 15 Countries of Installed Wind Power Capacity in 2008 (MW) 

 Country 

try 

Country 

2005 2006 2007 2008 Country 2005 2006 2007 2008 

USA 9149 11603 16818 25170 Portugal 1022 1716 2150 2862 

Germany 18415 20622 22247 23903 Canada 683 1459 1856 2369 

Spain 10028 11615 15145 16740 Netherlands 1219 1560 1747 2225 

China 1260 2604 6050 12210 Japan 1061 1394 1538 1880 

India 4430 6270 8000 9587 Australia 708 817 824 1494 

Italy 1718 2123 2726 3736 Sweden 510 572 788 1067 

France 757 1567 2454 3404 Top 15 

total 

55428 69025 87861 113095 

UK 1332 1963 2389 3288 Others 3663 5198 5988 8093 

Denmark 3136 3140 3129 3160 World 

total 

59091 74223 93849 121188 
 

Solar electric energy generation (photovoltaic: PV) also developed very fast in past 

ten year. According to the report from European Photovoltaic Industry Association 

(EPIA), in 2008, the world total PV market reached 5.6GW and the cumulative PV 

power installed totaled almost 14.73GW compared to 9.16GW in 2007 and 0.96GW 

in 1998. Europe is leading the way with more than 9GW representing over 65% of 

global cumulative PV installed capacity. Japan (2.1GW) and USA (1.2GW) followed 

behind. It is estimated that the world total cumulative PV power installed in the next 5 

years (to year 2013) will increased by 71.1GW (to 85.84GW), and the annual installed 

capacity will increased from 5.6GW in 2008 to 22.3GW in 2013, 200GW in 2020, 

and 1800GW in 2030
【28】

.  

Taking a panoramic view of the world’s renewable energy development, several 

trends can be concluded. Firstly, the pace of renewable energy development has been 

accelerated, and its market share is increasing. Since 1990’s, as the representative of 

regional groups, EU has vigorously expanded and utilized renewable energy sources, 

and achieved great results with an average annual growth rate of more than 15% over 

the past decade. Recently, many countries, such as Germany, Spain, have made 

related laws to strengthen and accelerate the development pace of renewable energy. 

E.g. Brazil has consumption bio fuel to replace 50% oil imports; the biomass energy 

has accounted more than 15% of total energy use in Sweden and Australia; Spain 

installed 2.5GW PV systems in 2008 which still was a complete blank before 10 years 

ago. Secondly, the technology for renewable energy development has been improved 

continuously and the cost of renewable energy production keeps steadily declining 

that is contrary to the increasing cost of fossil fuel. E.g. since 1980’s, the 

single-machine capacity of wind power has increased from 10 kilowatt to several 

http://en.wikipedia.org/wiki/Wind_power_in_the_United_States
http://en.wikipedia.org/wiki/Wind_power_in_Portugal
http://en.wikipedia.org/wiki/Wind_power_in_Germany
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http://en.wikipedia.org/wiki/Wind_power_in_Spain
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http://en.wikipedia.org/wiki/Wind_power_in_Denmark
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thousand kilowatt; ENERCON (German company) installed the first 4500 kW wind 

power turbine with a rotor diameter of 112 meters. The cost of wind power has 

decreased from 0.2US$/kWh in 1980’s to present 0.04 US$/kWh. In 2004, German 

company REPOWER installed a 5GW wind power generator group, its designed life 

is 20～25 years and its cost of operation and maintenance is only 3%～5% of 

common wind power generator group. Thirdly, renewable energy has been the 

important selection for countries to implement sustainable development. Japan began 

to execute its ―New Sun Plan‖ in 1993, which covered ―Sun Plan‖ in 1973, ―Clean 

Energy Policy (Moonlight Plan)‖ in 1978, and ―Earth’s Environmental Technology 

Development Plan‖ inn 1989. This project aims to increase clean energy use; 

accelerate PV cells and fuel cell generation; develop geothermal energy, hydrogen 

energy and biomass energy. Under this plan, Japan has achieved great progress in 

renewable energy development. Finally, relying on technical superiority and industrial 

development, developed countries continue to lead in the renewable energy market; 

developing countries begin to promote renewable energy development. By having 

electronic technology superiority, Japan produces about 50% of world total PV related 

products. The world PV products market is basically monopolized by UK, Netherland, 

Japan and USA. The best technology of wind power generator is mainly centers in 

Denmark, Germany, Spain and USA. Most wind power generators are produced in 

those countries
【29】

.  
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6. World Energy-Related Carbon Dioxide (CO2) Emission 

Status   Global climate change has been an utmost important issue and most 

complex challenge human beings face in 21 century, which not only concerns our 

living environment, but concerns sustainable development. At present, the 

international scientific community believes that the essential way to solve this 

problem is to reduce anthropogenic emissions of greenhouse gases. Currently, 

energy-related greenhouse gas emissions (GHG), including CO2, methane and some 

traces of nitrous oxide, mainly from fossil fuel combustion for heat supply, electricity 

generation and transport, holds great share of anthropogenic emission, accounting for 

around 70% of total. CO2 is the most accurately measured GHG. Energy-related CO2 

emission accounts for 61% of global GHG emission (IEA 2008), and it has no sign of 

decline. So the analysis of development trends in world energy cannot be out of the 

analysis of energy-related CO2 emission.  

According to the statistics from EIA, global energy-related CO2 emissions in 2006 

were estimated at 29195 million metric tons (MMT), which increased by 710MMT 

than in 2005, and indicates a 57.8% rise between 1980 and 2006. It is estimated that 

energy-related CO2 emission will increase by 45% from 2006 levels by 2030. OECD 

countries emitted 13605MMT in 2006, with a decrease by 57MMT than the year 

before, but increased by 35% than that of 1980. Non-OECD countries emitted 15590 

MMT, with an increase by 768MMT than that of 2005, and an increase by 93% than 

that of 1980. 

Figure 43: Trends of Energy-Related CO2 Emission by Fuel & Region, 1980 – 2006 (Unit: MMT)  

    

The emission form China, with a CO2 emission increase of 588MMT between 2005 

and 2006, contributing 83% of this global increase. China just outstripped the United 

States to be the largest one of energy-related CO2 emission in 2006. Since year 2000, 

China’s total CO2 emission from energy use began to zoom, it increased by 103% 

only over past 6 years. Besides China, India, Mexico, Saudi Arabia, South Korea, 

Poland also contributed a lot to the increase. From the fuel used, the increase in 2006 

was mainly due to a 4.8% increase in coal consumption. Global CO2 emission from 

coal consumption in 2006 was 12065MMT, accounting for 41% of total emission 

from fossil fuel, which increased by 553MMT than that in 2005. China contributed 

most to this increase, its emission from coal consumption creased by 498MMT. The 

Figure 43 above clearly shows that the trend curves of coal, Non-OECD and Asia & 
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Oceania between 1980 and 2006 look alike, exactly because of the increased coal 

consumption in China. The global CO2 emission from oil was 11219MMT, 

accounting for 38%, and natural gas emitted 20% or 5716MMT. The CO2 form 

flaring of gas was 196MMT, accounting for 1% of total emission from fossil fuel. The 

amount of energy-related CO2 emission from China and the United States was much 

bigger than others, together accounting for 41% of world total in 2006. The top 10 of 

CO2 emission accounted for 66% of the world (Figure 44). 

Figure 44: Top 10 Countries of Energy-Related CO2 Emission in 2006 (Unit: MMT)  

  

As long as the world total energy use keeps increasing in future, the growth trends in 

overall energy-related CO2 emission will be inevitable in a long period time. But 

trends in CO2 emission levels per unit of GDP and capita are different. By improving 

energy efficiency, taking new technologies and measures for CO2 emission reduction, 

the intensity of CO2 emission per unit GDP keeps decline, the drop rate varies in 

different countries. The Figure 45 below shows that the global energy-related CO2 

emission intensity per unit GDP in 2006 was 0.77 tons/thousand (2000) US$, which 

decreased by 6% than ten years ago (Figure 49). The developed countries emits less 

CO2 per unit GDP, for example in Japan the value was 0.24 tons/thousand (2000) 

US$, the United States 0.52tons/thousand (2000) US$,OECD 0.46 tons/thousand 

(2000) US$. In developing and transition countries, unit of GDP needs to emits more 

CO2, the average value in Non-OECD was about 1.78 tons/thousand (2000) US$, 

China 2.85 tons/thousand (2000) US$, India 1.80 tons/thousand (2000) US$, Russia 

4.54 tons/thousand (2000) US$. Over the past 10 years, the drop rate in OECD 

countries (15%) was also faster than Non-OECD’s (9%).  

Figure 45: Energy-Related CO2 emission intensity per GDP & per Capita 
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On the contrary, the CO2 emission intensity per capita is very different. The indicator 

of global CO2 emission intensity per capita shows an upwards trend, it increased from 

3.96 tons/capita to 4.48 tons/capita. This increase was mainly due to the great increase 

in energy use of developing countries, and the growth rate of their population was 

smaller than the growth rate in energy use, for example the intensity in China 

increased by 91% form 2.39 tons/capita to 4.58 tons/capita over the past 10 year. In 

the developed countries, though the intensity value is much bigger, it basically held 

the line. Over past 10 years, the value increased by 3% in OECD countries, 8% in 

Japan, but decreased by 3% in the United States, 4% in Germany and United 

Kingdom. The global growth trends in intensity of CO2 emission per capita will keep 

going with the increased energy use in developing countries
【4】

.  

GHG Reduction Actions   If there is without a change, the world will continue to 

be on a path for global rise in temperatures. According to the IEA, GHG emissions in 

OECD countries are expected to reach a peak soon after 2020 and decline. Only in 

Europe and Japan are emissions expected to be lower than today in 2030. In the 

Non-OECD countries, vibrant economic growth will continue to lead to emission 

growth. So a major challenge for international society to find some good ways of 

sharing global emissions reductions between rapidly developing countries like China 

and India and more industrialized countries like the USA and Europe, which are 

responsible for bulk of historical CO2 emissions. It is encouraging that now more and 

more governments and public opinions and actions have shifted decisively towards 

the imperative of addressing climate change, to adapting to the new realities of cutting 

GHG emissions and developing renewable, sustainable energy resources. This issue 

has been put at the heart of many governments or unions’ political programs
【30】

. 

Kyoto Protocol and 20-20 by 2020 are two typical international and regional climate 

and energy policies which have a lot influence. 

Kyoto Protocol is the world’s primary international agreement on reducing 

greenhouse gas emission, an amendment to United Nations Framework Conventional 

on Climate Changes (UNFCCC) negotiated in 1997. This protocol sets 37 

industrialized countries and the European community for reducing their collective 

emissions of GHG by an average of 5.2% against 1990 levels over the five-year 

period 2008-2012 (for many countries, this corresponds to some 15% below their 

expected GHG emission in 2008). All the participating nations commit themselves to 

tackling the issues of global warming; prepare policies and measures to reduce GHG 

emission. The developed countries must increase absorption of GHG and use all 

mechanisms available—such as joint implementation, clean development mechanism 

and emissions trading—to be rewarded with credits that allow more GHG emissions 

at home. National limitations range from 8% reductions for the European Union and 

some others to 7% for the US, 6% for Japan, 0% for Russia, and permitted increases 

of 8% for Australia and 10% for Iceland. Since per capita emissions in developing 

countries are still relatively lower than developed countries, the protocol permits the 

share of global emissions in China, India and other developing countries to grow to 

meet their social and development need during the pre-treaty industrialization period. 
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However, even without commitment to reduce emissions, developing countries have 

the common responsibility to reduce GHG emissions. As of January 2009, 183 parties 

have ratified the protocol
【31】

.  

Since 1990, the GHG emissions in most countries still continue increasing. The 

worldwide total GHG emission increased by 38% between 1992 and 2007, during this 

time period, China increased by 150%, USA increased by 20%, India increased by 

103%, Japan increased by 11%
【 32 】

. The GHG emissions reduction mainly 

concentrated in some EU member States over past 20 years, such as United Kingdom, 

Denmark, Germany, France and so on. In 2004, France shut down its last coal mine, 

and now gets more than 75% of its electricity from nuclear power which has relatively 

lower CO2 emissions than fossil fuel. Germany has reduced GHG emission by 22.4% 

between 1990 and 2008
【33】

. The EU has consistently been one of the major supporters 

of the Kyoto Protocol, and it created an emissions trading system in December 2002 

to meet these tough GHG emission reduction targets. Energy industry is one key 

industry to reduce GHG emission through rapidly developing nuclear power, 

renewable energy, and green & clean energy instead of fossil fuels. Energy production 

and consumption are the largest sources of GHG emissions in the EU-27, accounting 

for 80% of total. Between 1990 and 2005, GHG emissions in the EU decreased by 

6.5%, amongst which energy-related GHG emissions in EU decreased by 4.4% and 

energy-related CO2 in the EU decreased by 3.3%, which was mainly due to the 

slowdown in the EU economy and to higher electricity generation from nuclear power, 

hydropower, conventional biomass and other renewable energy sources. Warmer 

winters were also partly responsible for lower emissions from households and 

services in these countries
【34】

.  

20-20 by 2020 marked a turning point for the EU’s policy package of climate action 

and renewable energy. This package showed Europe ready to give global leadership: 

to tackle climate change, to face up to the challenge of secure, sustainable and 

competitive energy future, and to make the European economy a model for 

sustainable development in the 21st century. Two key targets were set in this policy 

package by the European Council:  

●  A reduction of at least 20% in greenhouse gases (GHG) by 2020 – rising to 30% if 

there is an international agreement committing other developed countries to 

"comparable emission reductions and economically more advanced developing 

countries to contributing adequately according to their responsibilities and 

respective capabilities". 

●  A 20% share of renewable energies in EU final energy use by 2020, compared 

with 1990. In March 2007, the Heads of States and Governments of the 27 EU 

Member States adopted this binding target, combined with the commitment to 

increase energy efficiency by 20% until 2020.  

In January 2008, in order to ensure the increase of the 8.5% renewable energy share 

of final energy use in 2005 to 20% in 2020, the European Commission presented a 

draft Directive on the promotion of the use of energy from renewable energy sources 
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which contains a series of elements to create the necessary legislative framework for 

making 20% renewable energy become a reality. To achieve the overall target 

outlined in the Directive, the development of all existing renewable energy sources 

and a balanced mix of the deployment in the sectors of heating and cooling, electricity 

and bio fuels are needed:  

●  Aim to have 21% of its electricity coming from renewable sources by 2010 

through maintaining and strengthening the existing legislative frameworks, 

establishing minimum requirements for the removal of administrative barriers. 

Some members such as Germany, Denmark and Spain are well on track in reaching 

their targets, others are far behind. The Table 17 below shows the contribution of 

renewable to electricity consumption in the EU. 

Table 17: Contribution of Renewable to Electricity Consumption 

Type of 

Energy 

2002 2006 2010 2020 2005 2006 2010 2020 

Installed capacity Electricity consumption (TWh) 

Wind 23.1 GW 47.7 GW 80 GW 180 GW 70.5 82 176 477 

Hydro 105.5 GW 106.1 GW 111 GW 120 GW 346.9 357.2 360 384 

Photovoltaic 0.35 GWp 3.2 GWp 18 GWp 150GWp 1.5 2.5 20 180 

Biomass 10.1 Gwe 22.3 Gwe 30 Gwe 50 Gwe 80 89.9 135 250 

Geothermal 0.68 GW 0.7 GW 1 GW 4 GW 5.4 5.6 10 31 

Solar thermal  - - 1 GW 15 GW - - 2 43 

Ocean - - 0.5 GW 2.5 GW - - 1 5 

Total RES 504.3 537.2 704 1370 

Total Gross Electricity Generation EU27 3320.4 3361.5 3568 4078 

RES Share of total electricity   15.2% 16% 19.7% 33.6% 
 
●  Pay more attention to heating & cooling from renewable energy sources by finally 

closing the legislative gap which existed so far for this sector. Nearly half of the 

EU’s final energy use is used for the generation of heating. The heat from 

renewable energy sources in the target is projected to account for a share of total 

heat generation EU27 from 10.2% in 2005 (58.8Mtoe) and 10.8% in 2006 

(61.4Mtoe) to 13.6% in 2010 (79.5Mtoe) and 25% in 2020 (139Mtoe).  

●  Set a target of 5.75% renewable energy in transport by 2010 (16Mtoe) and 10% by 

2020 (34Mtoe) from 1.05% in 2005 (3.13Mtoe) and 1.79% in 2006 (5.38Mtoe) , 

and only sustainable produced bio fuels are allowed to count towards the target and 

the Directive proposes a comprehensive sustainability scheme.  

●  Besides the detailed renewable energy development, the Directive also sets 

mandatory national targets for renewable energy shares of final energy use in 2020. 

For example, the share of energy from renewable sources in final consumption of 

energy 2020 in the target increases from 5.8% in 2005 to 18% by 2020 in Germany, 

from 10.3% to 23% in France, from 8.7% to 20% in Spain, from 1.3% to 15% in 

UK, from 39.8% to 49% in Sweden
【35】

.  
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7. World Energy for Future 

7.1. World Energy Structure Development and Reform 

In the world energy use structure, as the limitation of knowledge and technology, 

humans still have to depend on fossil fuel for a quite long time. The current science 

and technology only can help us to drill 10000 meters into the earth crust, the scope 

we explore and find resources there only accounts for less than 2‰ of the total earth 

volume. According to the proved fossil energy resources reserves, oil will be firstly 

depleted (in 44 year), then natural gas (in 60 years) and coal (119 years). It was 

predicted that 80% of the proved oil resources reserves will be used between 2010 and 

2035. Meanwhile, fossil fuel emits a great deal of greenhouse gas and causes 

environmental pollution.  

Recently, humans have made great progress in developing renewable energy, 

including hydropower, but renewable energy in 2006 only accounted for 7.9% of 

world total energy use, humans efforts still could not increase its proportion of total 

energy use, the prospect is not optimistic. Amongst conventional energy, people have 

relative more mature technology and experience in developing hydropower, but still 

can not completely solve those ecological and environmental problems from the 

construction of larger dams. Amongst new energy sources, the shadow of radioactive 

pollution still can not be broken away in nuclear power development; though solar 

energy has great potential and less environmental impact, current technology still can 

not help people to breakthrough the low efficiency in photoelectric conversion; 

though we have made some headway in utilizing tide energy and wave energy in 

ocean, wind power to generate electricity, humans still can not consumption those 

energy on a large scale because of their instability; many other energy sources still are 

in exploration and study phase, remain to be improved
【36】

.  

Therefore, on one hand, what people should do is to improve the knowledge and 

technical level, strengthen and expand the exploration in deeper layer of the crust and 

seabed to mine more energy resources, conserve the energy use of fossil fuels to 

prolong their service lives and reduce the environment pollution. On the other hand, 

people should invest more on developing and expanding renewable energy, because 

on a long view, fully utilizing conventional renewable energy sources and tapping 

new clean (green) energy sources is the major route for humans to solve energy 

problems, and it is also the main tendency of world energy. According to the relevant 

forecasts, after experiencing firewood times (low-level sustainable pattern), coal times 

(intemperate consumption pattern) and petroleum times (restraint development 

pattern), world energy reform will undergo another two stages (Figure 46). In the first 

stage, world energy use structure will take natural gas and coal bed gas as main body, 

with two wings of purified coal, such as liquefied coal and gasified coal, and nuclear 

power. Only when humans make important development, discovery and leap in 

scientific knowledge and technology, and there are no enough fossil fuel supply, the 

world energy use structure will take a transition to depending on nuclear fission 

power and renewable energy sources. In these two stages, the pattern of world energy 
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structure is that environment capacity demand humans to control energy development 

and consumption
【37】

.   

Figure 46: Reform Trend of World Energy Structure  

 
7.2. Projected World Energy use  

Many countries’ government and international organizations have made an annual or 

every few years’ outlook of national and international energy, but the factors 

considered to determine energy amount and the calculation methods used are different, 

the projection result varies. In the projection of future energy development, the 

consideration factors usually include the status and trends of past and current energy, 

resources reserves, and balance between energy supply and demand, economy growth, 

population growth, technology development and political situation. It is more difficult 

to accurately predict the development of international or regional politics, and 

economy development. These factors directly determine the energy demand. E.g. the 

disintegration of the Former Soviet Union led to tremendous change in the regional 

development of energy use or production. Hardly any people predicted the oil price 

could rose from 70 US$/barrel to 147 US$/barrel in 10 months from September 2007 

to July 2008. When the oil price reached 130 US$/barrel, most experts, such as those 

from THINKTANK of Chinese Government, had said it would break through 200 

US$/barrel before the end of 2008. But in fact, the oil price dived from the peak to 

below 40 US$/barrel only in 5 months. The global economical crisis, which originated 

in subprime lending crisis of the United States, has slowed down global economic 

development, thereby declined the demand growth rate in world energy. No one can 

made an accurate forecast where is the bottom of this crisis, but from a global 

perspective, the crisis did not decrease the total energy used, and global energy 

demand will soon return to the path of rapid growth with global economy recovery 

which many economists predict it will completely stage in 2011.  

By using its special models, EIA (the U.S. Department of Energy) generated its latest 

International Energy Outlook in September 2008, which was based on many different 

reference case projections, including high and low economic growth case, high and 

low energy price growth case, 5 different liquid fuels projections, related electricity 

capacity and generation projection. In this outlook, they predict the world total energy 

use will increase from 11901Mtoe in 2006 to 17506Mtoe in 2030, 58.8% (10302Mtoe) 

of that is used by Non-OECD countries and 41.2% (7205Mtoe) is used by OECD 
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countries. Rapid economic and population growth, continuous upturn in living 

standards and consumption level will keep great energy demand in Non-OECD on a 

high growth rate (average annual rate of 2.5%). Depending on father adjustment of 

industrial structure and high efficient energy use policy, OECD will continue to slow 

down the growth rate in energy use (average annual rate of 0.7%). As China and India 

will keep strongly growing in economy and population, the energy use in Asia & 

Oceania will increased by 85% from 3939Mtoe in 2006 to 7200Mtoe in 2030, 

contributing 58.2% of total increase in world energy use in this period, and its share 

of world total energy use will increased from 33.1% to 41.13%. Beside Asia & 

Oceania, other developing regions also increase their share of world total energy use 

between 2006 and 2030, it will increased from 5.12% (609Mtoe) to 5.51% (965Mtoe) 

in Central & South America increase, from 5.04% (600Mtoe) to 5.30% (927Mtoe) in 

Middle East, from 3.07% (365Mtoe) to 3.44% (602Mtoe) in Africa. As developed 

regions, though the total consumption amount still will increase, North American and 

European share of world total energy use will continue decline. The share will 

decrease from 25.66% (3054Mtoe) to 21.43% (3752Mtoe) in North America and from 

28.01% (3334Mtoe) to 23.19% (4060Mtoe) in Europe & Eurasia (Figure 47). 

Figure 47: Regional Energy use Projection, 2005-2030.   

  

From perspective of the energy source used, their ranks still keep the same with the 

current. Compared the consumption in 2006, the global oil consumption in 2030 will 

increase by 33.5% to 5778Mtoe, still rank the first, but its share of total will decline 

from 36.4% to 33.0%; Coal consumption will increase by 58.5% to 5095Mtoe, its 

share will rise from 27.0% to 29.1%; Natural gas consumption will increase by 52.5% 

to 4150Mtoe, its share will increase from 22.9% to 23.7%; Renewable energy 

development will develop rapidly, its source consumption will increase by 58.4% to 

1487Mtoe, its share will rise from 7.9% to 8.5%; Nuclear power also will increase by 

42.9% to 993Mtoe, its share will basically hold the same, around 5.8% (Figure 48).  

Asia & Oceania is projected to be the largest consumer in oil in 2030, accounting for 

35.9% of world total oil consumption, but its share of regional total energy use 

structure will decrease from 32.2% in 2006 to 28.8% in 2030. Except Middle East, oil 

share of regional total energy use in all other regions will decrease. The growth in 

coal consumption will keep strong in Asia & Oceania, and still rank the largest 

consumer of all regions, accounting for 68.3% of world total coal consumption.  In 

China and India, coal is richest energy resources in these two largest developing 
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countries; it will continue to be the major energy source for a long time in the future. 

Asia & Oceania’s coal share of regional total energy use will remain around 48.5%. 

As the oil resources will decrease, natural gas and other energy resource consumption 

will relatively increase. In 2030, coal share of regional total consumption in North 

America, Central & South America will increase; in other regions, coal share will 

decrease because there will be more natural gas used. Natural gas will increase its 

share of regional total consumption nearly in all regions, especially in Europe & 

Eurasia, Central & South America and Africa. Nuclear power still will center in North 

America, Europe & Eurasia and Asia & Oceania, though the consumption in quantity 

will increase, but the increase in its share of regional total consumption will not be 

significant. Renewable energy development will be very fast in all regions and its 

share of regional total consumption will increase in most regions. The Table 18 below 

shows the projected fuel share of regional total energy use and regional fuel share of 

world total in 2030
【14】

.    

Figure 48: Projection of Energy use by Source, 1980-2030

  

Table 18: Share Comparison of Energy use by Region & Source in 2030   

Fuel 
North 

America 

C.&S. 

America 

Europe& 

Eurasia 

Middle   

East 
Africa 

Asia & 

Oceania 

Total 

(Mtoe) 

Oil 
%world oil 24.1% 7.0% 20.7% 8.5% 3.8% 35.9% 

5778 
% region total 37.1% 41.7% 29.4% 52.8% 36.8% 28.8% 

Gas 
%world gas 19.9% 5.6% 37.9% 10.0% 4.6% 22.1% 

4153 
% region total 22.0% 24.2% 38.7% 44.4% 31.4% 12.7% 

Coal 
%world coal 16.0% 0.9% 11.8% 0.2% 2.8% 68.3% 

5100 
% region total 21.8% 4.9% 14.8% 1.4% 23.4% 48.4% 

Nuclear 
%world Nuclear 28.4% 1.0% 36.7% 0.3% 0.5% 33.2% 

995 
% region total 7.5% 1.0% 9.0% 0.3% 0.8% 4.6% 

Renew. 
%world Renew. 29.3% 18.3% 22.2% 0.7% 3.0% 26.6% 

1489 
% region total 11.6% 28.1% 8.1% 1.1% 7.5% 5.5% 

Total (Mtoe) 3752 965 4060 927 602 7200 17506 
 

7.3. Future Trends in World Energy Development 

More Highlighted Issues of World Energy Security   In recent years, with the 

dramatic changes in global energy situation, especially the ups and downs of 

international oil prices in last two years, world energy security issues have attracted 
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more and more extensive attention of the international community. Despite the 

understanding of energy security and the national strategic objectives vary in different 

countries; globalization and the deepened interdependence in energy supply and 

demand have made the world energy security issues to be an important determinant 

factor of future world energy development. Before the first oil crisis, energy security 

problem was not highlighted, just occurred in few countries at war. The explosion of 

first two oil crises extended the scope that energy security concerned, but that also 

mainly confined to West developed countries.  

Since 1980’s, the strong growth in world energy demand, continuous rising price of 

international oil and worsening global environmental problems have led energy 

security issues to further across the boundaries of importer and exporter countries, and 

expanded to global range. Meanwhile, along with the expansion of energy consumers 

and suppliers, globalization of world energy industry, energy security has transformed 

from national security and group cooperation to global energy security dialogue and 

cooperation. E.g. the Group of Eight often holds meeting to discuss world energy 

security problems and its concerned political, technical, ecological and energy poverty 

problems and risk; call on the dialogue between energy supplier and consumer 

countries; call on the improvement of energy market transparency, transportation 

reliability; stress to increase the investments on energy industry, together make world 

energy security strategies and establish world energy security system. Those largest 

energy consumer and supplier countries or groups organizations, such as Europe 

union, USA, Russia, China, Japan, OPEC, India, also often open dialogues for energy 

security. With the lapse of time, the scope of dialogue for world energy security will 

become much wider, and the cooperation will be more strengthened
【38】

.     

Diversification of Energy Sources   International oil prices has been a complex of 

energy policy, market reaction and technological update. Most people focus the oil 

price in the market, but ignore the rapid rising cost of oil exploration and production. 

Cambridge Energy Research Associates and IHS together gave the cost data in 2008. 

The data shows the cost of a new oilfield development quadrupled than 4 years ago, 

the cost of some other areas increased more quickly. The rent of deep-sea drilling ship 

rose from 125 thousand US$ per day to 600 thousand US$ per day over past 4 years, 

and now it’s also very hard to find a ship to rent. High prices and conventional fossil 

energy resource depletion force humans to explore and develop more new energy 

source. Sustainable development, environmental protection, energy supply cost and 

the available energy source structure determine the pattern of world energy pluralism 

development. World energy structure has experienced the eras of firewood-based, 

coal-based, and oil-based, now is transforming to an era of gas-based with more 

widely consumption of clean coal, nuclear power, hydropower, biomass, geothermal, 

wind power, solar energy, mechanical energy, natural energy, chemical energy and 

others. Natural gas consumption will steadily increase, and in many areas, such as 

Europe & Eurasia, gas-fired power plant trends to replace the coal-fired power plant. 

While developing the conventional energy in the future, new energy source and 

renewable energy source must be held in great account
【36】

.     
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Bio ethanol, as a fuel of less emission and more environmentally friendly, has become 

an ―up-and-coming star‖ in the global fuel market. Its production was almost equal to 

zero in 1975, but 2008 world fuel ethanol production increased to 17.33 millions of 

U.S. liquid gallons which shows an explosive growth rate of 32.3% than 13.10 

millions of U.S. liquid gallons in 2007. It was projected by DOE of USA that the 

world bio ethanol production will increase to 40 billion gallons in 2010 and 95 billion 

gallons in 2020, most of them will be used as vehicle fuel. Because most bio ethanol 

was produced from grain, in order to solve the conflict of food and fuel, humans begin 

to apply fiber technology and gene technology in bio fuel production, which further 

makes people more confident of the future.  

In 2010 Renewable Energy Development Plan, EU proposed to increase wind power 

to 400MWh, increased hydroelectricity to 1.05BWh. Since 2001, the United States 

has invested 100 billion US$ on developing renewable energy, aims to consumption 

renewable energy source to replace 15% of oil consumption and increase renewable 

production to five times of current level. France planned to increase renewable energy 

share of total energy use to 23%, which is equal to save 20Mtoe oil consumption. In 

the Renewable Energy Development “the Eleventh Five” Plan, China planned to 

increase 73BW hydroelectricity installed capacity and 9BW wind power installed 

capacity in this 5 years. By next year, China plans to achieve a total hydroelectricity 

installed capacity of 1900BW, and a total wind power installed capacity of 10BW, a 

total biomass electricity installed capacity of 5.5BW, a total solar water heater 

installation of 1.5 billion square meters and a total solar PV installed capacity of 

300MW. In the Energy White book 2003, United Kingdom set its renewable energy 

strategy which aims to increase renewable electricity share of total electricity 

generation from 3% to 10% in 2010, and to 20% in 2020
【39】

.   

Much Cleaner Fuel   As the increase global energy use results in great emission of 

greenhouse gases, dust particles, the fossil fuel pollution to environment and impact 

on global warming has become more serious. In this context, clean energy has been 

the tendency of world energy development. Clean energy contains both nuclear 

energy and renewable energy, and it concerns two fields: energy cleaning, developing 

quality and clean energy. As the ―cleanest‖ source of fossil fuel, natural gas share of 

world total consumption in 2030 will increase by about 1%, and oil share will 

decrease by 3.4%.    

Despite coal is one ―dirty‖ fuel in traditional view, it still will be the major energy 

form in the next 15 to 20 year. Coal cleaning technology, including coal liquefaction, 

coal gasification and coal desulfurization, has been widely applied in energy industry. 

Since the first coal liquefaction project began to be constructed in 2004, and put into 

operation with annual different oil products of 3.2 million tons, China has made great 

progress in this field It was projected that in 2020, China’s direct coal liquefaction 

production will reach 16 million tons to18 million tons, and the indirect coal 

liquefaction production will reach 20 million tons to 23 million tons; at that time the 

gasoline and diesel fuel generated from coal liquefaction production will reach 32 
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million tons to 34 million tons, which can supply about 13% of national transportation 

fuel demand
【37】

.  

Besides these, humans consumption bio technology and other technologies to 

generate clean energy from conventional firewood, plant straw, animal manure. China, 

Brazil, Venezuela, India and other abundant- hydro resource countries trends to 

generate more hydroelectricity. Some European countries, such as France, Austria, 

Belgium and Netherland have closed all coal mines and expand nuclear power 

development, they think nuclear power is more efficient, cleaner energy and it can 

help to solve the problems of greenhouse gases emission. Germany, USA, Japan, 

China, Spain etc, invest a lot on wind power generation and solar PV industry. 

Renewable energy is rich, inexhaustible and widely distributed in the world; it is the 

best harmless, clean energy with environmentally friendly
【39】

.  

More Efficient Energy Industry   The popularization and application of high & 

new technology achievement has improved the efficiency of energy production and 

consumption industry. Now almost all momentous achievements of new technological 

revolution can be used in each link of energy exploration, development, production, 

conversion, transportation and energy use. E.g. computer has been the core part of 

many energy industry systems, including modern design, manufacture, monitoring, 

management, information processing and automatic control system; microbes are used 

in mine exploration, control of hazardous substance and coal desulfurization; space 

technology is used in resources survey, dangerous accident treatment, construction of 

high efficient and high-energy solar power station. The growth in energy production 

now increasingly relies on science and technology development.  

With the technological progress, the intensity of energy industry in most regions has 

decreased and the efficiency has been improved. The world energy use intensity 

decreased from 0.34 toe/thousand (2000) US$ in 1994 to 0.31 toe/thousand (2000) 

US$ in 2006, and it is estimated to decrease to 0.28 toe/thousand (2000) US$ in 2010 

and to 0.24 toe/thousand (2000) US$ in 2025. But different areas vary very much in 

energy industrial efficiency, developed countries usually have higher efficiency in 

energy industry than developing countries, the energy use intensity in developing 

countries is about 3 times of that in developed countries. For example, USA’s energy 

use intensity in 2006 was 0.22 toe/thousand (2000), China’s energy use intensity in 

2006 was 0.88 toe/thousand (2000). So it can be seen that potential of energy saving 

is very huge
【15】

.  

Higher Degree of Globalization and Marketization  Because of the uneven 

distribution of world energy resources and energy demand, lots of countries have not 

enough national energy production to supply their demand, they depend more on 

other countries or regions energy resources. The global energy trade will trend to 

increase faster. For instance, between 1950 and 1979, the global oil trade increased 

with an average annual growth rate of 8.6%; since 1969, the global oil trade volume 

was more than 10 billion tons / year, and reached to 16.8 billion tons / year in 1979. In 

2007, the global oil trade volume reached 21.97 billion tons /year (about 43 million 
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barrels per day), more than half of world total oil production. It is estimated that 

global oil trade volume will reach 25 billion tons / year in 2010 (Figure 49). Now 

Asian & Oceania has become the largest consumer, world energy supply and demand 

has begun to move to Asia & Oceania and OPEC; that will further aggravate the 

imbalance in geographical energy industry and accelerate its globalization process, 

moreover more and more energy producer and consumer countries will like to 

actively participate in international energy market
【38】

.  

Figure 49: Worldwide Trade Flows Map of Major Oil Trade Movements (million tons)

 

Since the middle of 1980’s, world oil market trended to be a multi structure and 

changed from monopoly to competition. Most governments has intervened less on 

energy market and increased their service function in perfecting related local and 

regional energy laws, providing much better market environment. The rapid 

development of oil spot market, oil future market and other energy products market 

drive the marketization of world energy. In addition, the increasing interpenetration 

and interdependency between producer and consumer countries, more and more 

determining factors of energy markets and prices result in that no party can 

unilaterally control the energy market or prices for a long time
【40】

.   
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8. Concluding Remarks  

The conclusions and trends analysis presented in this thesis are based on the statistics 

data from EIA, IEA and other organizations, so there are some uncertainties led by 

this: 

1. Different heat value unit conversion    most data used in this thesis is from EIA, 

and the original unit of energy is Btu. For the purpose of convenient comparison, 

Btu is converted into toe, the conversion standard used is 1toe = 39.68305MBtu 

which is defined in IEA/OECD, but in USA they consumption 1toe = 

42.53135MBtu. 1 cubic meter is equal to 264.172 gallons in USA, but only equal 

to 220.126 gallons in UK which IEA/OECD consumption. In addition, the same 

volume of same oil, natural gas, coal or other energy sources has different heat 

value between EIA and IEA or other organizations. 

2. As using different statistics methods, materials and definition scope, any two 

organizations could not achieve the same results. For example, in EIA, the data of 

world total primary energy use in 2006 is 11901Mtoe (472.274 quadrillion Btu), 

and world total primary energy production is 11829Mtoe (469.412 quadrillion 

Btu), but the world total primary energy supply from IEA (Key World Energy 

Statistics 2008) is 11741Mtoe, and the world total primary energy use from BP 

(Statistical Review of World Energy June 2008) is 10843Mtoe. 

3. When different organizations make their statistics of energy industry, what they 

consider and the objective they want to achieve are different. Such as EIA, it’s a 

department of USA government, the statistics results may not impartial to other 

countries. Disputes about the statistics of consumption data and greenhouse gases 

amount are very common between different countries.  

With more and more emerging economies’ rapid development, the center of world 

energy supply and demand market has begun to move from Europe and North 

America to Asia & Oceania and OPEC countries. As global energy production and 

consumption have serious geographically uneven distribution, and the distribution 

concentration ratio of world energy resources reserves has increased, the contest 

between larger energy consuming countries for energy resources of producing 

countries will become increasing fierce, and their contest way will be more complex. 

The recent development situation of world energy industry well proved that 

strengthening energy co-operation between countries and structuring a mutual global 

energy security system has been the current mainstream. No country could ensure its 

own energy security out of contact with other countries or regions.  

In the foreseeable future, energy problems will further restrict global energy 

development, and continue to be the major challenge of world’s stability and 

development. Facing these challenges, humans have put more effort into improving 

energy efficiency, developing new energy and renewable energy, developing 

scientific technologies applied to exploration, production and energy conservation. It 

can be seen that the world energy production and consumption for future trend 
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towards marketization, globalization, diversification, and one more efficient and 

cleaner development direction. Only people clearly understand energy development 

trends, rediscover the future pattern of world energy, and take a virtuous cycle path of 

energy, environment, and economy (E3), humans can deal with the strong growth in 

world economy and energy demand, and finally to achieve sustainability.  
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Appendix 

1. World Consumption of Primary Energy by Source, 1980-2006 (Mtoe)  

Year Oil* Natural 

Gas 

Coal/peat Hydro 

Power 

Nuclear 

power 

Others* World 

Total 

1980 3301.6 1355.9 1764 451 190.9 73.8 7137 

1981 3173.3 1357.7 1799 460.1 214.9 78 7083 

1982 3090.8 1361.6 1830.2 471.6 239.6 82.7 7077 

1983 3045.3 1389.4 1878.8 496.3 270.1 90.3 7170 

1984 3103.1 1533.2 1989 508.8 327.5 93.9 7555 

1985 3101 1599.1 2077.2 514.7 385.5 96 7774 

1986 3205.5 1617.6 2110.9 526.4 409.4 96.3 7966 

1987 3266.2 1704 2176.5 526.7 444.6 96.8 8215 

1988 3366.5 1788.8 2240.4 541.4 484.5 101 8523 

1989 3411.5 1869.7 2244.5 542.6 497.4 110.7 8676 

1990 3438 1897.6 2248.6 563.3 513 100.2 8761 

1991 3466.4 1932.9 2169.1 575.4 533.8 102.8 8780 

1992 3480.2 1938.9 2153.9 572.4 536.2 109.5 8791 

1993 3474.8 1992.8 2184.5 603.2 554.6 110.4 8920 

1994 3537.5 1988.8 2205.7 608.6 564.6 114.6 9020 

1995 3594.4 2045.6 2230 638.5 586.1 118.3 9213 

1996 3673.8 2134.1 2271.8 649.9 607.5 122.2 9459 

1997 3758.7 2134.4 2333.5 656.9 601.8 124.8 9610 

1998 3792.9 2158.3 2290.3 656.4 612.9 125.1 9636 

1999 3867.5 2215.9 2312.4 669 632.1 129.7 9827 

2000 3917.3 2293.3 2359.3 674.8 646.4 136.7 10028 

2001 3950 2328.6 2390.3 669.3 664.9 130.9 10134 

2002 3979.2 2412.3 2474 668.5 672 139.9 10346 

2003 4060.6 2498.1 2688.2 675.2 664.4 149.1 10736 

2004 4200.8 2602.3 2911.9 702.8 688.5 161.9 11268 

2005 4280.9 2697.6 3067.7 730.2 694 173.4 11644 

2006 4327.4 2721.5 3214.2 749.1 699.5 189.5 11901 

*Oil: includes crude oil and natural gas plant liquids 

*Others: includes Biomass, Geothermal, solar, wind, and wood and waste energy  

Source: http://www.eia.doe.gov/aer/pdf/pages/sec11_3.pdf and “International Energy Annual 2006” 

(December 31, 2008) 
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2. World Primary Energy Production by Source, 1970-2006 (Mtoe)   

Year Oil* 
Natural 

Gas 
Coal 

Hydro 

Power 

Nuclear 

Power 
Others* 

World 

Total 

1970 2538 935 1587 306 23 40 5428 

1971 2685 1003 1555 321 31 41 5636 

1972 2838 1060 1604 335 42 42 5922 

1973 3078 1120 1610 341 54 44 6245 

1974 3075 1143 1607 374 72 44 6316 

1975 2954 1151 1668 379 97 44 6292 

1976 3205 1200 1696 380 114 50 6644 

1977 3330 1231 1725 392 136 53 6868 

1978 3353 1267 1753 423 162 58 7016 

1979 3496 1359 1860 446 169 62 7393 

1980 3355 1379 1796 451 191 74 7246 

1981 3162 1400 1806 460 215 78 7122 

1982 3019 1398 1873 472 240 83 7084 

1983 3007 1414 1873 496 270 90 7151 

1984 3090 1557 1977 509 327 94 7554 

1985 3054 1618 2073 515 386 96 7742 

1986 3183 1646 2125 526 409 96 7987 

1987 3211 1726 2170 527 445 97 8175 

1988 3339 1809 2217 541 485 101 8492 

1989 3390 1871 2257 543 497 110 8669 

1990 3433 1917 2294 563 513 100 8820 

1991 3423 1937 2177 575 534 103 8750 

1992 3430 1942 2173 572 536 109 8763 

1993 3432 1981 2127 603 555 110 8807 

1994 3497 2000 2179 609 565 115 8964 

1995 3574 2027 2231 639 586 119 9175 

1996 3662 2121 2247 650 608 122 9409 

1997 3765 2119 2340 657 602 125 9609 

1998 3837 2161 2307 656 613 125 9699 

1999 3785 2209 2296 669 632 130 9722 

2000 3943 2293 2279 675 646 136 9972 

2001 3923 2351 2412 669 665 131 10151 

2002 3876 2427 2461 668 672 139 10244 

2003 4010 2482 2655 675 664 149 10635 

2004 4195 2558 2875 703 688 161 11181 

2005 4262 2640 3076 730 694 173 11575 

2006 4252 2702 3238 749 699 188 11829 
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3-1.  World Consumption of Primary Energy by region, 1980-2006 (Mtoe) 

Year 
North 

America 

Cent.& S. 

America 
Europe Eurasia 

Middle 

East 
Africa 

Asia & 

Oceania 

World 

Total 

1980 2307 291 1811 1178 147 171 1232 7137 

1981 2265 290 1755 1190 155 176 1252 7083 

1982 2185 290 1737 1241 161 191 1272 7077 

1983 2175 286 1746 1271 181 200 1312 7170 

1984 2285 305 1789 1346 198 210 1423 7555 

1985 2295 311 1843 1403 216 214 1491 7774 

1986 2303 332 1883 1448 231 221 1549 7966 

1987 2376 339 1919 1482 246 226 1626 8215 

1988 2482 348 1930 1531 260 235 1737 8523 

1989 2545 358 1945 1514 274 234 1807 8676 

1990 2538 366 1925 1537 283 239 1874 8761 

1991 2544 382 1916 1452 286 248 1953 8780 

1992 2589 387 1886 1345 309 250 2025 8791 

1993 2637 406 1903 1255 326 251 2142 8920 

1994 2692 424 1894 1119 342 262 2287 9020 

1995 2742 443 1937 1073 348 268 2401 9213 

1996 2829 467 2006 1047 367 275 2468 9459 

1997 2851 490 2013 983 393 287 2593 9610 

1998 2861 507 2027 976 410 285 2570 9636 

1999 2919 511 2029 1004 419 293 2653 9827 

2000 2980 525 2055 1023 437 303 2705 10028 

2001 2907 533 2086 1032 452 318 2806 10134 

2002 2955 532 2079 1048 478 320 2933 10346 

2003 2979 545 2123 1093 498 337 3162 10736 

2004 3043 566 2160 1126 527 352 3495 11268 

2005 3065 590 2172 1154 573 366 3724 11644 

2006 3054 609 2178 1156 600 365 3939 11901 
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3-2.  World Consumption of Primary Energy by region, 1980-2006 (Mtoe) 

Year OECD Non OECD OPEC EU IEA USA  China 

1980 4498 2639 234 1675 4275 1969 436 

1981 4399 2685 246 1619 4178 1919 433 

1982 4281 2796 259 1598 4055 1843 452 

1983 4271 2899 282 1601 4051 1841 479 

1984 4462 3094 303 1633 4235 1933 515 

1985 4531 3243 324 1680 4294 1928 555 

1986 4584 3382 343 1715 4346 1934 586 

1987 4712 3503 362 1746 4466 1995 624 

1988 4865 3658 382 1754 4620 2087 666 

1989 4969 3708 403 1766 4722 2141 679 

1990 4994 3767 415 1743 4765 2133 680 

1991 5047 3733 428 1739 4816 2132 711 

1992 5090 3701 453 1743 4858 2166 738 

1993 5186 3734 476 1754 4950 2208 789 

1994 5271 3749 498 1748 5033 2249 858 

1995 5390 3824 513 1783 5157 2298 878 

1996 5562 3897 539 1844 5316 2373 899 

1997 5628 3982 566 1842 5380 2388 955 

1998 5635 4001 580 1851 5385 2399 941 

1999 5740 4086 593 1851 5485 2440 938 

2000 5846 4181 613 1867 5592 2494 937 

2001 5808 4327 649 1907 5559 2427 994 

2002 5856 4490 677 1892 5608 2466 1091 

2003 5932 4804 690 1934 5676 2475 1276 

2004 6054 5214 731 1963 5793 2529 1512 

2005 6102 5542 787 1968 5832 2533 1683 

2006 6106 5795 796 1971 5819 2516 1860 
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4. Regional population, GDP and total final energy use by sector in 2006 

Region 
Population 

(million) 

GDP(billion 

2000 US$) 

Total 

(Mtoe) 
Industry Transport 

World 6535.98 37759.4 8084 2180 2226 

OECD 1177.93 29168.7 3824 866 1300 

Non-OECD 5358.05 8590.7 4077 1315 743 

OECD-Europe 539.79 10090 1350 328 386 

Eurasia 120.86 271.96 186 62 35 

Middle-East 189.3 837.81 349 79 114 

Asia(except China) 2119.72 2138.59 929 265 156 

Africa 937.49 773.32 451 80 69 

Latin America 455.01 1796.03 411 142 127 

USA 299.83 11265.2 1572 281 649 

China 1311.8 2092.15 1202 526 126 

Russia 142.5 373.2 432 131 97 

India 1109.81 703.33 378 109 39 

Brazil 189.32 765.13 181 72 55 

 

Region Residential 
Commercial 

& Services 
Agriculture Non-Specified Non-Energy Use 

World 1958 643 181 156 740 

OECD 699 463 67 44 386 

Non-OECD 1259 180 114 112 354 

OECD-Europe 316 141 33 30 117 

Eurasia 54 12 4 2 18 

Middle-East 70 19 7 8 52 

Asia(except china) 341 34 23 20 90 

Africa 243 10 7 28 14 

Latin America 71 20 15 3 33 

USA 255 196 18 13 161 

China 341 43 43 23 99 

Russia 115 35 10 0 44 

India 159 12 14 7 37 

Brazil 22 9 9 0 13 
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5. Regional Final Energy use by Capita (toe per year per capita), 2006 

Region 

/country 
total Industry Transport Residential 

Commercial & 

Services 
Agriculture 

World 1.24 0.33 0.34 0.30 0.10 0.03 

OECD 3.25 0.73 1.10 0.59 0.39 0.06 

Non-OECD 0.76 0.25 0.14 0.23 0.03 0.02 

Cent.&E.Europe 1.54 0.51 0.29 0.45 0.10 0.04 

Middle East 1.84 0.42 0.60 0.37 0.10 0.04 

Asia* 0.44 0.12 0.07 0.16 0.02 0.01 

Africa 0.48 0.09 0.07 0.26 0.01 0.01 

Latin America 0.90 0.31 0.28 0.15 0.04 0.03 

OECD-Europe 2.50 0.61 0.71 0.58 0.26 0.06 

USA 5.24 0.94 2.16 0.85 0.65 0.06 

Russia 3.03 0.92 0.68 0.81 0.24 0.07 

China 0.92 0.40 0.10 0.26 0.03 0.03 

India 0.34 0.10 0.04 0.14 0.01 0.01 

Brazil 0.95 0.38 0.29 0.12 0.05 0.05 

 

6. Regional Final Energy use by GDP (toe/thousand 2000 US$), 2006 

Region 

/country 
total Industry Transport Residential 

Commercial & 

Services 
Agriculture 

World 0.21 0.06 0.06 0.05 0.02 0.005 

OECD 0.13 0.03 0.04 0.02 0.02 0.002 

Non-OECD 0.47 0.15 0.09 0.15 0.02 0.013 

Cent.& E.Europe 0.69 0.23 0.13 0.20 0.04 0.016 

Middle East 0.42 0.09 0.14 0.08 0.02 0.008 

Asia* 0.43 0.12 0.07 0.16 0.02 0.011 

Africa 0.58 0.10 0.09 0.31 0.01 0.009 

Latin America 0.23 0.08 0.07 0.04 0.01 0.008 

OECD-Europe 0.13 0.03 0.04 0.03 0.01 0.003 

USA 0.14 0.02 0.06 0.02 0.02 0.002 

Russia 1.16 0.35 0.26 0.31 0.09 0.027 

China 0.57 0.25 0.06 0.16 0.02 0.021 

India 0.54 0.16 0.06 0.23 0.02 0.020 

Brazil 0.24 0.09 0.07 0.03 0.01 0.011 
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7.  Status of nuclear power in the world (as of 1 April 2009), Nuclear Reactors 

Country Nuclear electricity 

Generation in 2006 

In Operation, 

1 April 2009 

Under Construction, 1 

April 2009 

Planned, 

1 April 2009 

Proposed, 

1 April 2009 

  GWh  % e  No.  MWe  No.  MWe  No. MWe  No.  MWe  

World Total 2660  14.8  436  372203  44  38848  110  121595  272  268905  

USA  787.22 19.3  104 101119 1 1180 11 13800 20 26000 

France  427.68 78.8  59 63473 1 1630 1 1630 1 1630 

Japan  288.26 27.9  53 46236 2 2285 13 17915 1 1300 

Russia  144.30 15.3 31 21743 8 5980 11 12870 25 22280 

Germany  158.91 26.5  17 20339 0 0 0 0 0 0 

S.Korea  141.31 37.2  20 17716 5 5350 3 4050 2 2700 

Ukraine  84.81 46.5  15 13168 0 0 2 1900 20 27000 

Canada  93.07 15.7 18 12652 2 1500 3 3300 6 6600 

UK 71.68 19.3  19 11035 0 0 0 0 6 9600 

Sweden  63.63 45.9  10 9016 0 0 0 0 0 0 

China  54.85 2.1  11 8587 11 11000 26 27660 77 63400 

Spain  57.12 20.0  8 7448 0 0 0 0 0 0 

Belgium 44.31 55.7  7 5728 0 0 0 0 0 0 

(Taiwan) 37.88 17.5  6 4916 0 0 0 0 0 0 

India  15.59 2.2  17 3779 6 2976 10 9760 15 11200 

Czech  24.74 31.3  6 3472 0 0 0 0 2 3400 

Switzerland  26.43 43.9  5 3220 0 0 0 0 3 4000 

Finland  21.76 27.9  4 2696 1 1600 0 0 1 1000 

Bulgaria  18.13 43.2  2 1906 0 0 2 1900 0 0 

Brazil 13.75 3.3 2 1901 0 0 1 1245 4 4000 

South Africa  10.07 4.4  2 1842 0 0 3 3565 24 4000 

Hungary  12.79 37.8  4 1826 0 0 0 0 2 2000 

Slovakia  17.11 57.55  4 1688 2 840 0 0 1 1200 

Mexico  10.32 4.4  2 1310 0 0 0 0 2 2000 

Romania  5.18 7.13 2 1310 0 0 2 1310 1 655 

Lithuania  8.65 72.6 1 1185 0 0 0 0 2 3400 

Argentina 7.15 6.54  2 935 1 692 1 740 1 740 

Slovenia  5.29 37.2 1 696 0 0 0 0 1 1000 

Netherlands  3.30 3.6  1 485 0 0 0 0 0 0 

Pakistan  2.55 2.8  2 400 1 300 2 600 2 2000 

Armenia 2.42 43.1  1 376 0 0 0 0 1 1000 

Bangladesh 0.00 0.0  0 0 0 0 0 0 2 2000 

Belarus 0 0.0  0 0 0 0 2 2000 2 2000 

Egypt  0 0  0 0 0 0 1 1000 1 1000 

Indonesia  0 0  0 0 0 0 2 2000 4 4000 

Iran  0 0  0 0 1 915 2 1900 1 300 

Israel  0 0  0 0 0 0 0 0 1 1200 

Italy   0 0  0 0 0 0 0 0 10 17000 

Kazakhstan  0 0  0 0 0 0 2 600 2 600 

N.Korea  0 0  0 0 0 0 1 950 0 0 

 Poland 0 0  0 0 0 0 0 0 5 10000 

Thailand 0 0  0 0 0 0 2 2000 4 4000 

Turkey  0 0  0 0 0 0 2 2400 1 1200 

UAE  0 0  0 0 0 0 3 4500 11 15500 

Vietnam  0 0  0 0 0 0 2 2000 8 8000 

 

 

http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=384
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=330
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=344
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=366
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=332
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=348
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=380
http://www.world-nuclear.org/info/inf49.html
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=382
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=376
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=320
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=374
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=312
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=326
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=338
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=322
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=378
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=328
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=316
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=314
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=372
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=334
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=368
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=352
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=364
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=350
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=306
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=370
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=356
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=362
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=308
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=326
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=326
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=326
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=326
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=326
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=326
http://www.world-nuclear.org/info/inf101.html
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=346
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=348
http://www.world-nuclear.org/info/inf102.html
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=326
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=326
http://www.world-nuclear.org/info/inf102.html
http://www.world-nuclear.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=326
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8. Glossary 

1). OECD, the Organization for Economic Co-operation and Development, is a unique forum 

where the governments of 30 market democracies work together to address the economic, social 

and governance challenges of globalization as well as to exploit its opportunities. The 

Organization provides a setting where governments can compare policy experiences, seek answers 

to common problems, and identify good practice and co-ordinate domestic and international 

policies. It is a forum where peer pressure can act as a powerful incentive to improve policy and 

which produces internationally-agreed instruments, decisions and recommendations in areas 

where multilateral agreement is necessary for individual countries to make progress in a 

globalised economy. Non-members are invited to subscribe to these agreements and treaties. The 

30 member countries of OECD are: Australia, Austria, Belgium, Canada, Czech 

Republic, Denmark, Finland, France, Germany, Greece, Hungary, Iceland, IrelandItaly, Japan, 

Korea, Mexio, Luxembourg, Netherlands,New Zealand, Norway,Poland,Portugal,SlovakRepublic, 

Spain, Sweden, Stwizerland, Turkey, United Kingdom, United States. 

2). Mtoe ----- Million Tonnes of Oil Equivalent. The IEA/OECD define one toe to be equal to 

41.868 GJ 
[1]

 or 11,630 kWh. 

1 Mtoe = 1×10
6 
toe = 41.868×10

9 
×10

6 
J = 3.9683

 
×10

13 
Btu 

1 Btu = 1055.06J = 25.199675 ×10
-15 

Mtoe 

1 trillion cubic feet (tcf) = 283.17×10
9 
m

3 

1 barrel of oil (bbl) = 5.8×10
6 
Btu =0.146 × 10

-6 
Mtoe 

1 ton of coal = 2.406 ×10
7 
Btu 

1 m
3
dry natural gas = 3.577×10

4 
Btu 

1 Cubic feet = 1028 Btu 

1 trillion Cubic Feet = 25.905Mtoe 

3). Primary energy is energy that has not been subjected to any conversion or transformation 

process. Primary energy is energy contained in raw fuels and any other forms of energy received 

by a system as input to the system. The concept is used especially in energy statistics in the course 

of compilation of energy balances. Primary energy includes non-renewable energy and renewable 

energy. 

4). Total Final Consumption—TFC: is the sum of consumption by the different end-use sectors. 

Backflows from the petrochemical industry are not included in final consumption. 

5). Total Primary Energy Supply (TPES): TPES = production + imports - exports - international 

marine bunkers ± stock changes. For the world total, international marine bunkers are not 

subtracted from TPES. 

 

http://www.oecd.org/country/0,3377,en_33873108_33873229_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873245_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873261_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873277_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873293_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873293_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873309_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873360_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873376_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873402_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873421_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873438_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873476_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873500_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873500_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873539_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873555_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873610_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873574_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873626_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873658_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873681_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873739_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873764_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873781_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873806_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873822_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873838_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873854_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873870_1_1_1_1_1,00.html
http://www.oecd.org/country/0,3377,en_33873108_33873886_1_1_1_1_1,00.html
http://en.wikipedia.org/wiki/Tonne_of_oil_equivalent
http://en.wikipedia.org/wiki/International_Energy_Agency
http://en.wikipedia.org/wiki/OECD
http://en.wikipedia.org/wiki/Joule
http://en.wikipedia.org/wiki/Tonne_of_oil_equivalent#cite_note-0
http://en.wikipedia.org/wiki/KWh
http://en.wikipedia.org/wiki/Fuels
http://en.wikipedia.org/wiki/System
http://en.wikipedia.org/wiki/Input
http://en.wikipedia.org/wiki/Energy_statistics
http://en.wikipedia.org/wiki/Energy_balance
http://en.wikipedia.org/wiki/Non-renewable_energy
http://en.wikipedia.org/wiki/Renewable_energy
http://en.wikipedia.org/wiki/Renewable_energy

