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2050 Global Energy Scenarios
Global energy future research requires to take into account a complex set of factors - trends of the global economy and energy sector, technology, resource and environmental trends, political and socio-cultural issues, as well as the mutual influence of all these factors. It is particularly important to take into account the mutual influence of energy and economics. To solve this problem we need to apply a scenario approach. In our view, the scenario is the assemblage point to demographic, economic, technological, political, socio-cultural, environmental and energy trends.
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Global development trends. In the long term world-system had been developing by a hyperbolic law, or in a regime with peaking. This law describes the dynamics of population, GDP, energy consumption, etc. Since 1960, began changing the growth mode of the world system and exit from peaking regime. Hyperbolic growth of the global system is not homogeneous. Long phases of steady development are separated by brief periods of phase transitions when changing mode of growth and the very foundation of economic and social development. In addition to the successful transition possible scenarios are stagnation and crisis. 

The dynamics of the world-system in 1800-1970 was determined by the next phase of the long-term hyperbolic growth - the industry one. Industrial development is limited by the Earth's ecological capacity, resource consumption and waste production. In the 1970th industrial development face the risk step out the growth limits. The crisis was solved through transition to post-industrial development phase and three main issues - globalization, informatization and liberalization. Key indicators of world dynamics since 1970 have changed dramatically. The economic growth rate fell from 4.5% per year in 1945-1970 to 3% per year in 1970-2010. Energy consumption growth rates decreased from 5% a year up to 2% or less. Population growth rate began to fall from 2/0% to 1/3%. However, the potential of globalization, informatization and liberalization in the contemporary form has been exhausted by 2005-2009. The crisis has not been completely overcome, and it has been disclosed during the global economic and financial crisis of 2008-2009.

By 2030-2050 industrialization in developing countries will be mostly finished. The global industrial system can only exist within a center - semi-periphery - periphery model. As the industrialization of developing countries completes the industrial leadership of the Center becomes impossible. This requires the Center to move to a new phase of development. The crisis of transition to a new phase of development is expected after 2030 
Global development scenarios. The crisis of the industrial phase of development, according to system dynamics principles, can form three scenarios the reference scenario, stagnation scenario, innovative scenario (successful transition to the new phase of development). 
Inertial scenario assumes continuation of the post-industrial development and acute crisis after 2030 due to reach the limits of growth of the industrial phase in developing countries. For the energy sector inertial scenario assumes industrial-type growth in consumption and production in developing countries with slow development of post-industrial-type energy sector in developed countries. The result is inevitable rapid growth in demand for fossil fuels of all kinds, growing controversy between states, environmental problems. 
Stagnation scenario supposes “limits of growth management” based on ecological paradigm and creating information society development. The management of this type will be stable in conditions of low growth rate and will cause the crisis of 2030. The rate of energy growth in developing countries will be lower in comparison with reference scenario. 
Innovative scenario assumes the negotiation of the industrial growth limits and the transition to a new phase in 2030 A key features of the new phase of development should be integrated human development and related technologies - biological, information, social, cognitive. Innovation scenario involves the formation of a new-type energy sector in developed countries, and some leading developing countries. 
Technological trends. Analysis of technological trends shows that the world is on the threshold of the energy revolution. The content of energy revolution is the transition from industrial-type energy sector to the post-industrial one. Industrial-type energy sector is based on fossil fuels and the consumption of large amounts of energy in a weak control of the energy flow. Post-industrial power based on renewable energy sources (and possibly, nuclear power), decentralization, efficient use of relatively small flows of energy (smart energy sector). The main directions of the energy revolution - the widespread dissemination of energy saving, the use of all energy flows in other technical systems, the spread of renewables, smart grids and information & energy systems, energy efficient buildings and cities. 
Resource and environmental constraints. Environmental factor nowadays is one of the key issues in energy development. Under the Kyoto and post-Kyoto agreements, national environmental legislation creates legal and economic mechanisms that drive the transition to a new-type of energy sector. In the reference scenario, the resource consumption and waste production will increase rapidly leading after 2030 to an acute crisis. In the stagnation scenario, the pressure of society on the environment will be reduced through the use of legal and economic mechanisms. In an innovative scenario, resource consumption and waste production can be drastically reduced through a combination of new energy technologies. 
Energy development trends. Global energy development trends are determined by the superposition of two processes - the rapid growth of industrial-type energy sector (and fossil fuel consumption) in developing countries and a gradual transition to post-industrial-type energy sector in developed countries. The leader in industrial-type energy sector growth is without doubt China. During the 2000-2009, energy consumption in the country increased 2.15 times, including coal – 2.,15 times, oil – 1.8 times, natural gas – 3.3 times, electricity - to 2/75-fold. In developing countries, in general, in 2000-2009 energy consumption grew by 66%, while in developed countries - only on 5%. 
In the oil industry the main trend was the rapid growth of demand in developing countries and the decline in demand in the OECD (since 2006). Depletion of deposits with favorable output conditions in combination with demand growth has become a background of rapid growth in oil prices. The gas industry has been experiencing, in fact, similar processes, as well as the rapid integration of the global gas market. In the coal industry the contrast between the developed and developing countries was even more striking. In 2000-2009, 92.5% of global coal consumption growth was localized in China. 
The most visible sign of post-industrial-type development in energy sector has become a boom in renewables. From 2000 to 2009 global wind power capacity has increased from 18 to 160 GW, global solar PV power capacity - from 1,8 to 22.9 GW. By 2008-2009, renewables have been leading in capacity growth (40% of total in 2009 globally). Along with renewable energy, global carbon markets have experienced a boom in the 2000th, reaching 120 billion dollars by 2009, 10-times increase over 10 years. Investment in smart grid and energy services market had increased rapidly. Energy efficiency building standards (LEED in the USA, BREEAM in Europe) are going to dominate the market. 
Reference (carbon-intensive) scenario. The basic premise of the reference scenario is the passage of developing countries through the material-intensive phase of industrialization. Frontal increase in energy consumption in developing countries will lead to a sharp increase in tension of the fuel and energy balance. 
The most acute situation is expected in the oil industry, where growing demand will face significant restrictions on the supply side. Tendency towards concentration of oil supply in the Middle East will strengthen and reduce the level of energy security. Necessary development of oil fields with complicated output conditions (Arctic, deep water offshore, heavy oil, etc.) will lead to rising marginal costs and prices. The geopolitics of oil will continue to play an extremely important role. Similar processes will take place in the world gas industry. Geopolitics of natural gas will become for many countries is more important than the geopolitics of oil. In the coal industry, as in the 2000th, the bulk of growth will be concentrated in China. 
In the nuclear power industry is expected slow growth within the existing technological base (2+ and 3-generation reactors). Demand for uranium will increase, the stocks will be exhausted, and the uranium balance will be tight. 
Renewables will show the maximum growth rate compared with other energy sources. The growth of renewable energy by 2015 will come from hydro and onshore wind. In 2015-2030 biomass and offshore wind will contribute significantly. Solar energy will increase rapidly, but its share will remain low. Renewable energy by 2030 will amount to 7% of global primary energy consumption, and by 2050 - 10%. This will be insufficient for the energy revolution. 
Key changes in global energy sector will be in geopolitical issues. Developing countries will become the key importers of energy resources, and their dependence on imports will overcome the level of developed countries. The main risks of global energy sector will be linked to three factors: 1) instability and conflicts in the Middle East and Central Asia, 2) the threat to sea routes of transportation, 3) the struggle between states over access to energy resources. 
Table 1. World primary energy consumption by scenario, mtoe
	
	2010
	Reference scenario
	Stagnation scenario
	Innovative scenario

	
	
	2030
	2050
	2030
	2050
	2030
	2050

	Oil
	3882
	4627
	5018
	4441
	4188
	3641
	2757

	Gas
	2653
	3952
	4522
	3306
	3483
	3292
	3092

	Coal
	3278
	4617
	4487
	3209
	1794
	3526
	1812

	Nuclear
	626
	776
	824
	512
	349
	1335
	2333

	Biomass
	650
	600
	600
	600
	600
	300
	200

	Hydro
	572
	729
	952
	729
	952
	729
	952

	New renewables
	210
	1040
	1835
	1481
	3019
	1860
	5846

	Total
	11871
	16342
	18239
	14279
	14386
	14683
	16993


Stagnation (renewable) scenario. The basic premise of stagnation scenario is the transfer of existing technologies to developing countries to reduce the energy consumption through the industrialization. 
Oil consumption will continue to grow, but it will be much slower than in the reference scenario (by 2050 - 10% higher than in 2010 compared to 30%). The structure of the world car fleet by 2050 will change significantly. The main trend is the development of different alternatives to petroleum and the internal combustion engine. Reduced oil consumption will lead to lower concentration of production in the Middle East, an increased level of self-sufficiency in some importing regions, lower geopolitical tensions, and long-term decline in oil prices. In the world gas industry growth in consumption will also be significantly lower than the reference scenario. Geopolitics of gas will play a much smaller role. 
Если в инерционном сценарии ожидался значительный рост угольной отрасли (к 2050 г. – более чем на 30%), то в стагнационном сценарии мировое потребление угля существенно упадет. В атомной энергетике в стагнационном сценарии ожидается устойчивый нисходящий тренд, отрасль сократится практически в 2 раза. Предпосылками для этого будут высокая стоимость и продолжительность строительства, стагнация технологического уровня, сохраняющиеся проблемы радиационной безопасности.

In the reference scenario supposes significant increase in global coal industry (by 2050 - more than 30%). By contrast, in the stagnation scenario global coal consumption will drop significantly. The nuclear industry in the stagnation scenario is expected to decline almost 2-fold by 2050.  Because of high construction costs and time, the stagnation of the technological level, the continuing problems of radiation safety. 
Renewable energy will grow significantly faster than in the reference scenario. Renewable energy by 2050 will reach 21% of world primary energy consumption. Renewables by 2030 will be dominated by wind power (72%), but by 2050 its share fell to 60% due to the rapid growth of biomass and solar energy. 
As a result, key changes in global energy sector will be in regulatory issues. Energy sector will faces a complicated regulatory system, including global and local climate agreements, climate, tax and customs tariffs, and technological standards. 
Innovative (renewables & nuclear) scenario. The basic premise of the innovation scenario is the transition to a new development phase in the leading countries. It will have an inductive effect on developing countries, making their economies less energy-intensive. 
Oil consumption is expected to stagnate until 2020 and then begins to decline. By 2050, the reduction will reach almost 30% from the current level. The structure of the world car fleet by 2050 will change dramatically. The main trend is the development of hybrids and electric vehicles. Lower oil demand and lower production in areas with the most complex conditions and the highest level of costs reduces the marginal cost and long-term and deep fall in prices. Concentration of production in the Middle East with its low costs is expected. However, geopolitical importance of the oil industry will be reduced, and its use as an instrument of political pressure will become impossible. 
The dynamics of the gas industry will be similar to the dynamics of the oil industry. Decline in demand will lead to a buyer's market. "Geopolitics of gas will play a minimal role. The dynamics of the coal industry is similar to the stagnation - stagnant until 2030, and a significant slowdown by 2050 (47% lower than current level). 
In the nuclear industry in innovation scenario, by contrast, is expected rapid growth and change. By 2030, nuclear power could increase 2-fold, and by 2050 – 4-fold as compared to the current level. The basis of this growth will be accelerated transition to standard reactors 3 and 4 generations, as well as fast breeder reactors. This would solve the uranium problem and the problem of spent nuclear fuel. 
Renewable energy will grow faster than in other two scenarios. It will increase by 2030 9-fold, and by 2050 – 25-fold (excluding large hydro and biomass). The share of renewables in global electricity production will rise from 2,6% in 2010 to 27.1% in 2030 and 48.8% in 2050.  Wind energy will prevail renewable energy in 2030 (70%). By 2050 its share fell to 47% due to growth of solar energy (35%). Radical decrease in cost of solar power is expected. 
In an innovative scenario, electricity is increasing at the highest rate moving the energy system to an "Electric World". The share of electricity in the global final energy consumption will increase from 21.7% in 2010 to 28.6% in 2030 and 36.8% in 2050. By 2050, developing countries achieve a modern standard of energy consumption (5000 kWh per person per year). The decline of quantitative differences will be accompanied with increased quality differences. After 2030, the leading countries to begin the formation of a new generation of power systems based on technologies of smart grids. 
Key changes in global energy sector will be in technological issues, and regulatory and geopolitical factors recede into the background. A new post-industrial type of energy will form. The energy market will be the market of services, and then the technology, rather than goods. 
Risks and opportunities for Russia. The scenarios of global energy development discussed above give Russia the major risks as well as major opportunities. Energy development in Russia and public policy in this area are designed in the industrial-style spirit. To overcome the challenges of the future and to use the opportunities  we need to review national energy policy with a focus on the prospect of creating a post-industrial-type energy sector. 
1

