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Innovations mechanisms on energy markets are discussed, in particular valorization of energy products 

which invokes decarbonization of energy recourses. The valorization, meaning higher value of energy 

products, is expressed as electrification and entry of modern renewable energy based on geothermal, 

wind and solar resources, entailing distributed energy systems with storage and auxiliary technologies. 

Consumption of electricity on grid grows along with manifold higher unit cost of electricity compared to 

fuels, and the distributed energy systems expands even faster though it is many times costlier than 

electricity on grid. The valorization can be explained by adding valuable attributes to functionalities of 

energy products such as consumer convenience, autonomy, flexibility silence, cleanness, and it 

contributes to communities’ interest through local income and jobs. The decarbonization, meaning 

lower carbon or more electrons per resource mass, is expressed as lower energy-intensity of economies 

and substitution of coal and oil for gas and gas for renewable energy. Modern renewable energy grows 

faster than rival fossil fuels. It doubles every 3 to 4 years in several countries. The rivalry intensifies 

regarding the decreasing energy-intensity of economies in many countries, albeit slowly. Extrapolation 

of the annual average growth rates as trends for coming last twenty five years shows increase of income 

and slow increase of energy consumption along with emission reduction of carbon dioxide due to 

renewable energy by more than 50% compared to 2015. Trends on energy markets show that mitigation 

of climate change is possible.  
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Highlights 

1. Energy markets evolve due to innovation mechanism of valorization and decarbonization 

entailing tough rivalry between fossil fuels and renewable energy 

2. Energy markets valorize due to electrification, renewable energy and distributed energy systems 

along with more energy deliveries and cheaper energy resources. 

3. Energy markets decarbonize due to slowly decreasing energy intensity and fast, two digit growth 

rates of geothermal, wind and solar resources. 

4. Extrapolation of trends on energy markets to 2040 show fast income growth, slower growth of 

energy consumption and decrease of carbon dioxide emission below 50% of 2015 level. 

5. Trends on energy markets suggest sufficient emission reduction for mitigation of climate change 

if policies do not obstruct but foster the innovations mechanism 

  



 

1. Introduction 

Innovations mechanisms on energy markets are discussed, meaning processes of change in production 

and consumption of energy induced by markets demands rather than policies. This discussion relates to 

observations that uses of the materials and energy resources per product decreased when measured by 

the costs and mass of products across most countries and businesses1 2 3 4. These observations are 

explained by allocations whereby cost-savings due to effective uses of these resources are transferred 

into value adding products, entailing income growth and lower environmental impacts if policies enable 

diversity of innovators through education, research and integer governance 5. In energy consumption, 

this allocation is expressed as 0.6% to 2.2% annual growth of the national income per energy unit 

throughout last decades because heat, power, light, sound and other functionalities of energy serve 

virtually all activities 6. Willingness to pay for energy is high 7. Higher value products are generated; the 

value meaning sales price of a products mix multiplied by their volumes. The global value of energy 

markets grew during 1990 – 2010 by 4.4% annual average (from USD2000 2 700 billion to USD2000 6 400 

billion) 8 along with 1.9% volume growth (from 102 billion MWh to 142 billion MWh) 9; a hypothetical 

1% cost reducing energy saving would cover all European Union expenditures on research and 

development into energy efficiency and renewable energy 10. The fossil fuels prices in the same period 

decreased when corrected for inflation and fluctuations, except for the natural gas prices 11. This paper 

underpins that the value increase on energy markets enables growth of income and renewable energy 

entailing far reaching emission reduction of carbon dioxide for mitigation of climate change.  

An increasing value of energy products is observed throughout the last century. This innovation 

mechanism, herewith labelled as valorization, embraces the growing electricity consumption, followed 

                                                             
1  Larson, E.D., M.H. Ross, R.H. Williams, (1986), Beyond the era of materials, Scientific American, 34 (6), p. 24–29.  
2 Herman, R., S.A. Ardekanin, J.H. Ausubel, (1989), Dematerialization, in J.H. Ausubel, H.E. Sladovich (eds.), 
Technology and Environment, 1st Edition, National Academy Press, Washington DC, p. 50–69.  
3 Tilton, J.E., (1991), Material Substitution: The Role of New Technology, in N. Nakicenovic, A. Grubler (eds.), 
Diffusion of Technologies and Social Behaviour, Springer Verlag, Berlin, pp. 383–406. 
4 Wright, G., (1997), Towards a more historical approach to technological change’, The Economic Journal, Vol. 107: 
1560–1566. 
5 Krozer T, 2015, Theories and practices on innovating for sustainable development, Springer, Dordrecht-
Heidelberg. 
6 WEC,  Energy Efficiency: A Recipe for Success, 2010, World Energy Council, London, p. 13. It is incorrectly coined 
as energy-efficiency because the cost of energy do not decrease but the income per energy unit increases along 
with disparity across countries from 0.2 USD to by roughly factor 4 up to about USD 1 per kWh in the European 
Union.   
7 World Bank, The Welfare Impact of Rural Electrification: A Reassessment of Costs and Benefits, 2002, Appendix H, 
p.131-139, http://siteresources.worldbank.org/EXTRURELECT/Resources/appH.pdf, accessed 13-6-2017 
8 Enerdata, https://www.enerdata.net/publications/executive-briefing/world-energy-expenditures.html accessed 
15-3-2017 
9 EIA https://www.eia.gov/totalenergy/data/annual/showtext.php?t=ptb0709 accessed 13-6-2017 
10 http://stats.oecd.org/BrandedView.aspx?oecd_bv_id=enetech-data-en&doi=data-00488-en  
11 Shafiee S Topal E, A long term view on fossil fuel prices, Applied Energy, 2010, 87:988-1000. 
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by entry of costly renewable energy and distributed energy systems. The energy prices increased along 

with energy consumption (contrary to intuition and mainstream views). Fuel is partially substituted for 

electricity though many times costlier because electricity enabled powerful machines, convenient 

mobility, brighter lights and other functional services entailing productivity and income despite higher 

prices 12, if not subsidized. The energy prices also increased when energy resources changed; it means 

biofuels growth is saturated and substituted for coal, then coal for oil, hydro and nuclear, followed by 

growth of natural gas and renewable energy, though all resources are still consumed 13. The carbon-rich 

fossil fuels shift to more costly low-carbon renewable energy, in particular to the modern renewable 

geothermal, wind and solar energy. The energy prices increased again in the past decades when the 

modern renewable technologies for the electricity production are downscaled entailing small scale 

systems with energy storage for households and communities. Such distributed energy systems enabled 

individual mobility, peak shaving, enable linking local energy services, for instance heat and power,14 as 

well as more local income and jobs in communities due to recovery of residual heat, energy exchange 

and development of local know-how15.  

The value increase on energy markets enables entry of costly energy technologies. When 

markets enlarge technologies become cheaper because mass production enables specialization 16, which 

generates a self-propelling dissemination of cheaper technologies as observed in solar power and other 

renewable energy resources 17. Large investments are attracted to renewable energy, particularly the 

modern ones, despite prices far above fossil fuels. These investments, negligible during 1990s, grew fast 

during low fossil fuel prices in 2000s and reached USD 230 - 280 billion a year during high and low fossil 

fuel prices after the financial crisis in 200818. Policies enhanced these in a few countries but generally 

obstructed because supported fossil fuels rather than renewable energy For example, the European 

Union that championed the renewable energy investments supported renewable energy with € 5.3 

billion euro in 2001 compared to 23.9 billion euro for fossil fuels (respectively 0.045 and 0.024 eurocent 

per kWh) 19. Only after 2008, renewable energy gained more support than fossil fuels due to feed-in 

tariffs which were cut down mid-2010s. The global support of energy consumption of USD 1 900 billion a 

year is by and large for fossil fuels 20, which is in addition to infrastructures, regulations and institutions 

dedicated to the fossil fuels production. The entry of modern renewable energy is due to attractive 

                                                             
12 Allen R, Backward into the future, The shift to coal and implications for the next energy transition, Energy Policy, 
2012, 50:p. 17-23. 
13 Grubler A, Energy Transition research, Insight and cautionary tales, Energy Policy, 2012, 50:8-16. 
14 Tuballa ML, Abundo ML, A review of the Development of Smart Grids, Renewable and Sustainable Energy 
Reviews, 2016, 59:710-725. 
15 Rismanchi B, District energy networks (DEN), current global status and future development, Renewable and 
Sustainable Energy Reviews, 2016 http://dx.doi.org/10.1016/j.rser.2016.11.025. 
16 Rubin ES, Azevedo IML, Jaramillo P, Yeh S, A Review of learning rates for electricity supply technologies, Energy 
Policy, 2015, 86:198-218. 
17 Doyne Farmer J., Lafond, F. (2016) How predictable is technological progress?, Research Policy 45, p. 647–665 
18 Frankfurt School-UNEP, Global Trends in Renewable Energy, 2015, 2016, Bloomberg  
19 EEA (2004), Energy Subsidies in the European Union, Technical Report 1/2004, Copenhagen, mimeo. 
20

 Clements B, Coady D, Fabrizio S, Alleyne T, Sdralevich C, Energy Subsidies Reform: Lessons and Implications, 
2013, International Monetary Fund. Note that inventories of the International Energy Agency and OECD are 
deficient because cover only energy subsidies. 
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services which invoked policy support, not another way around. The services are, for instance, powerful 

resources due to higher ratio of hydrogen and electrons to carbon, individual sourcing and distribution 

of energy (e.g. on rooftop) and through participation in communities (e.g. windmill cooperatives), 

storage of electricity for virtual mobility (e.g. mobile phones) and transport (electric vehicles), as well as 

reduction of hazards, noise and pollution (e.g. greenhouse gasses).  

The valorization can be comprehended within economic train of thoughts about negotiations 

between suppliers and customers in value chains of products21 22 23. When a suppliers in value chain 

compounds resources into its product because aims to deliver some valuable attributes to customers it 

also unintentionally adds qualities that may cause deficiencies. The valuable attributes are promoted for 

sales, which generate welfare. The deficiencies are rarely disclosed even if known to the suppliers 

because impede sales, which imposes costs on society that hidden in the gross income though indicated 

after correction for inflation in purchase prices parity albeit far from perfect. Having consumer 

technologies for recognition of the deficiencies and launching alternatives when sense of urgency to 

prevent threats is generated, the customers’ preferences shift entailing welfare growth. This asymmetric 

information between suppliers and customers in value chains holds true on the energy markets. 

Attributes of fuels are often considered threats, for instance hazards of high temperature, large scale 

threatens local jobs, noise causes nuisance, whereas renewable energy is perceived as to contribute 

autonomy, flexibility, and reduce pollution. The perceptions persist though energy suppliers pinpoint at 

high costs caused by variability of resources and instability of networks and deficiencies are 

acknowledged, for instance large space use. Regarding the attributes and perceptions, the valorization 

based on modern renewable energy presumably continuous as a trend. 

Trend, herewith, is interpreted as the annual average growth during a few decades. The growth 

rates of income, energy and electricity consumption and carbon dioxide emissions are assessed for the 

period of twenty five years during 1990 – 2015 in five years intervals and compared to the period of 

economic recession in high income countries during 2005 – 2015. Data for 2015 are extrapolated based 

on 2013 and 2014 because not available in the statistics as yet. The past trends are extrapolated to 2040 

for illustration of consequences for the carbon dioxide emissions; the annual average growth rates are 

extrapolated without any change. This is with regard to arguments about mitigation of carbon dioxide 

due to emerging social initiatives in renewable energy24, countered on the arguments that infrastructure 

and technologies are persistent25, and renewable energy too costly and low performing26. Public 

                                                             
21 Lancaster, K. J. (1966a), A New Approach to Consumer Theory, Journal of Political Economy 74 (2) p. 132-157.  
22 Lancaster, K. J. (1966b), Change and Innovation in Technology of Consumption, American Economic Review 56 
(1/2) p. 14 -23.  
23 Akerlof, G.A. (1970), The market for “lemons”: Quality Uncertainty and Market Mechanism, The Quarterly 
Journal of Economics,  84 (3), 488-500 
24 Sovacool BK, How long will it take, Conceptualizing the temporary dynamics of energy transition, Energy 
Research & Social Science, 2016, 13:202-215. 
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 Grubler A, Wilson C, Nemet, G, Appels, oranges and consistent comparison of temporary dynamics of energy 
transition, Energy Policy 2016, 22:18-25 
26 Fouquet R, Historical energy transition: Speed, prices and system transformation, Energy Policy 2016, 22:7-12 



statistical data is used because assumed unbiased; literature is briefly covered because reviewed in 

another paper 27.  

The data cover eleven largest countries, including the European Union as one country, 

measured by their population. In descending order of income per capita in 2015 these countries are: 

United States, Japan, European Union, Russian Federation, Mexico, Brazil, China, Indonesia, Nigeria, 

India, and Pakistan. The assessment is scaled up on the global level based on their aggregated shares in 

2015: 65% of the global population, 73% of the Gross Domestic Product in Purchasing Price Parity (GDP 

PPP), 62% of the energy production, 71% of the energy consumption, 75% of the electricity 

consumption, as well as 86% of coal, 62% oil, 62% gas, 81% nuclear, 68% biofuels, 65% hydropower, 80% 

modern renewable energy consumption and 73% of all carbon dioxide emission. The countries income 

refers to the Gross Domestic Product in Purchase Power Prices (GDP PPP). Energy is in ton oil equivalent 

(t.o.e.), equivalent of 11.630 kWh. Both are based on the International Energy Agency (IEA) data28. The 

IEA standards for conversion of coal, oil and gas into carbon dioxide emission are used: 3.80 ton CO2 per 

ton coal, 2.52 ton CO2 per t.o.e. and 2.20 CO2 ton per t.o.e. gas 29. The calculation with these conversions 

deviate from the statistical data in 2015: 1.2 % difference globally but below 10% in the countries except 

13% for the Russian Federation and 12% for Nigeria; good reasons for the deviations are not found. 

Energy prices, costs and sales in the United States and European Union are based on the United States 

Energy Intelligence Agency (EIA)30 respectively the European Statistical Bureau (Eurostat) 31. All 

monetary data is deflated (2005 = 100) and Euro is converted into USD based the World Bank database. 

All regressions are Pearson correlations.  

The valorization is introduced in section 2 and underpinned statistically in section 3. The 

decarbonization is introduced in section 4 and underpinned in section 5. The projection is shown in 

section 6. Conclusions are drawn in section 7. Appendix shows all necessary data for these calculations.  

2. Valorization for decarbonization 

The valorization on energy markets could invoke decarbonization through energy saving but the energy 

saving is slow. In production, 20% to 40% of potential energy saving is unused and expenditures on 

energy are inefficiently allocated. The potential is indicated by spread of energy consumption per 

product across similar industries; the spread is smaller in energy-intensive industries and larger in low-

income countries 32 33. Low managerial interest is also pinpointed 34. At households, cost-effective 

                                                             
27 Krozer, Y, 2017, Energy markets: changes toward decarbonization and valorization, Current Opinion in Chemical 
Engineering 17C, pp. 61-67 
28 IEA, http://www.iea.org/newsroom/news/2016/november/world-energy-outlook-2016.html; the data on 2015 
is extrapolated linear from 2013 and 2014 because still unavailable in statistics when accessed in 14-6-2017 
29 http://www.iea.org/bookshop/729-CO2_Emission_from_Fuel_Combustion (accessed 26-7-2017). 
30 EIA https://www.eia.gov/totalenergy/data/annual/showtext.php?t=ptb0709 accessed 13-6-2017 
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 http://ec.europa.eu/eurostat accessed 13-6-2017. 
32 Saygin D, Worrel E, Patel MK, Gielen DJ, Benchmarking the energy use of energy-intensive industries in 
industrialized and in developing countries, Energy, 2011, 36:6661-6673. Saygin D, Worrel E, Patel MK, Gielen DJ, 
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energy saving is unused though high willingness to save energy is stated; information campaigns help 

little and personal feed-back with financial incentives and collective actions are more effective 35. 

Explanations are price distorting subsidies, high transaction costs compared to cost-savings, overstating 

of hidden costs, collision of interests in organizations, managerial focus on income generation, habitual 

behavior and so on but these are not satisfactory arguments for low sensitive of energy consumption to 

prices. The price elasticities of energy demands across countries, aggregation methods and economic 

fluctuations is usually above -0.4 (-0.35 to -0.20) in the short run and -0.7 (– 0.67 to - 0.45) in the long 

run, which means one unit price increase reduces less than 0.4 respectively 0.7 units energy volume36. 

Car purchasers do buy smaller cars when fuel prices increase and vice versa, but the travel mileage is not 

responsive to the prices (– 0.02 to – 0.04)37. Energy consumption is also income-inelastic. Consumers 

spend rarely more than 6% of income on energy across countries and periods; the income elasticity of 

energy demand is low negative but the cross elasticity of demand is high, meaning more use of costly 

energy services as income increases. These two factors combined provide a U-shaped energy 

consumption function of income: the low income groups are sensitive to the price increase because they 

spend relatively much on energy and high income are sensitive because they use relative much energy 
38. Energy supplies are also not responsive to prices because capacity development takes time but the 

price elasticity of supply increases to more than unity when new resources are found, for instance in 

case of shale gas. The long run price elasticities of supply vary from - 0.3 to + 0.5 39.  

The valorization has more impact on decarbonization when enables entry of renewable energy, 

in particular modern renewable energy. The initial high costs decreased entailing fast dissemination 

across many countries despite concerns about high costs, limited space, deficient infrastructure, 

obstructive energy-intensive industries, limited venture capital, R&D support, and variability of power 

and so on. By the end of 2000s when the fossil fuel prices were high price parity on grid is approached in 

a few countries 40. Renewable energy acted as a backstop on energy prices which generated positive 

                                                                                                                                                                                                    
Potential of best practice technologies to improve energy efficiency in the global chemical and petrochemical 
sector, Energy, 2011, 36:5579-5790. 
33 Boyd G, Comparing the Statistical Distribution of Energy Efficiency in Manufacturing: Meta-Analysis of 24 
Industry-Specific Case Studies, 2015, Duke University, Working Paper 15-03, Durham. 
34 Blass V, Corbett CJ, Delmas M, Multhulingam S, Top management and the adoption of energy efficiency 
practices: Evidence from small and medium scale manufacturing firms in the US, Energy, 2014, 39:560-571. 
35 Kestner I, Stern PC, Examining the decision making process behind household energy investments: A review, 
Energy Research & Social Research, 2015, 10:72-89. Delmas MA, Fischlein M, Asensio OO, Information strategy and 
energy conservation behavior: A meta-analysis of experimental studies from 1975 to 2012, Energy Policy, 2013, 
61:729-739. Karlin B, Zinger JF, The Effects of Feed-Back on Energy Conservation: A Meta-Analysis, Psychological 
Bulletin, 2015, 141(6):1205-1227. 
36 Labandeira X, Labeaga JM, Lopez-Otero X, A Meta-analysis on the price elasticity of energy demand,  2015, 
University de Vigo, WP04/2015. 
37 https://www.eia.gov/todayinenergy/detail.php?id=19191, accessed 12-6-2017 
38 Fouquet R, Long run demand for energy services: income and price elasticities over two hundred years, Review 
of Environmental Economics and Policy, 2014, 8 (2), p. 186-207 
39

 Arora V, Estimates of the Price Elasticity of the Natural Gas Supply in the United States, 2014 
https://mpra.ub.uni-muenchen.de/54232/, accessed 12-6-2017 
40 Krozer Y, Costs and Benefits of Renewable Energy in the European Union, Renewable Energy  2013, 50: 68-73  
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economic effects on the electricity markets 41 42 and in economies at large 43. Subsequent energy 

scenarios envisaged even faster growth in the European Union and on the global scale 44, which means 

that sceptic scholarly views in referred journals turned around into optimism. This optimism is often 

justified by scarcity of fossil fuels reserves compared to thousands times larger reserves of renewable 

energy resources 45. However, the proven global reserves of fossil fuels enlarge in line with the energy 

consumption because explorations technologies improve, though it does not hold for coal with large 

proven reserves46. The valuable services are better explanations of the renewable energy growth.  

When the distributed energy systems emerged during 2010s the value on energy markets increased 

again which attracted plenty of business in the European Union and United States 47. Energy storage, 

necessary to overcome the variability of modern renewable energy, is particularly attractive. Batteries, 

herewith, are expected to grow fast in the next decades though their prices per kWh are higher than a 

few alternatives and they are many times higher than the electricity price on grid 48. The storage 

capacity in the United States alone is expected to enlarge from 25MW in 2015 to 354 GW in 2030 with 

USD 228 billion market value that year at the price range of USD 170 to 1230 per kW 49, which implies 

manifold costlier power from batteries than grid. The attributes of distributed energy systems are 

considered sufficiently attractive to cover the costs50. It is speculated that low-income countries with 

high potential of modern renewable energy leapfrog to the distributed networks without central grid 51. 

3. Valorization measured 

The valorization on energy markets can be observed as the countries’ income to energy consumption 

and as value of energy consumption in time. The former is estimated for eleven countries mentioned 

above and globally, the latter for the household and industrial energy consumption in United States and 

European Union.  

                                                             
41 Ciarreta A., Espinoza MP, Pizarro-Irizar C. Is green energy expensive? Empirical evidence from the Spanish 
electricity markets, Energy Policy, 2014, 69:205-215,  
42 Gianfreda A, Parisio L, Pelagatti M, Revisiting long-run relations in power markets with high RES penetration, 
Energy Policy, 2016, 94:432-445 
43 Vaona A., The effect of renewable energy generation on imports, Renewable Energy, 2016, 86:354-359. 
44 Deng YY, Blok K, van der Leun K, Transition to a fully sustainable  global energy system, Energy Strategy Reviews, 
2012, 1:109-121. 
45 Nakicenovic N, Global Energy Assessment Summary, 2012, International Institute for Applied System Analysis, 
Laxemburg, p. 15-18  
46 Shafiee S, Topal E, When will fossil fuel reserves be diminished, Energy Policy, 2009, 37:181-189 
47 Krozer Y, 2017, Energy Initiatives in Europe, Conference on Sustainable Energy, Brasov 18-20 November 2017. 
48 Lazard, 2016, Lazard levelized costs of energy analysis – version 20.0, accessed 17-8-2017. 
49 Eyer J, Corey G, Energy Storage for the Electricity Grid: Benefits and Market Potential Assessment Guide, 2010, 
Sandia National Laboratories, Albuquerque; Table ES1, page XIX. Blume S, Global Energy Storage Market Overview 
& Regional Summary Report, 2015, Energy Storage Council, Mawson. Storage in 2015 covered in US 62 MW, China 
84 MW, Japan 300 MW, India < 1 MW, Germany < 1 MW, Australia <1 MW. 
50 Dale M, A Comparative Analysis of Energy Costs of Photovoltaic, Solar Thermal, and Wind Electricity Generation 
technologies, Applied Science, 2013, 3:325-337. 
51 Levin T, Thomas VM, Can developing countries leapfrog the centralized electrification paradigm?  Energy for 
Sustainable Development 2016, 31, p. 97-107 



Table 1 shows the countries’ population, income per capita in USD purchase power prices, 

energy consumption and share of electricity in it in 2015, as well as the growth rates 1990 – 2015 and 

2005 - 2015. The population has grown during last twenty five years except in the Russian Federation. 

The income per capita have also grown in all countries, even accelerated in low income countries after 

the financial crisis in 2008, except in the United States whose income per capita decreased after the 

crisis. The valorization of energy consumption, indicated by higher income to consumption growth, is 

mixed across countries; it is high in lower income countries but lower in the high income ones though 

recession after the financial crisis blurs this division (correlations of the income to energy consumption 

growth across the countries are R2 = 0.82 and R2 = 0.43 during 1990 – 2015 respectively 2005 – 2015). 

China valorized its energy in income very fast because 9.1% annual average, India 4.8% and Indonesia 

3.4% presumably because evolve to higher value knowledge-based economies. Brazil is an exception 

because used more energy to generate income. The electricity consumption, though costlier than fuels, 

grows in all countries, particularly fast in China and Indonesia. The electricity share in the energy 

consumption have grown in all countries during 1990 – 2015, but the growth slowed down during the 

recession (correlations of the income and electricity shares growth are R2 = 0.69 and R2 = 0.67 for the 

analyzed periods). The observations confirm valorization of energy consumption, in particularly use of 

electricity in it, which can be explained by attributes in functionalities of energy consumption though 

more studies are needed to assess causalities. 

Table 1 Population, income and valorization across countries 

 Population Income in USD PPP Valorization Electricity 

million Grow USD/ 
cap 

Annual aver. 
growth 

USD/ 
kWh 

Annual aver. 
Growth 

Share 
in all 

Annual aver. 
Growth 

2015 1990 - 
2015 

2015 1990-
2015 

2005-
2015 

2015 1990- 
2015 

2005-
2015 

2015 1990-
2015 

2005-
2015 

 World  7,335 1.3% 14,287 2.0% 2.4% 0.7 1.5% 1.7% 14% 1.0% 1.0% 

 Un. Stat.  321 1.0% 51,531 1.4% -0.9% 0.6 1.8% 1.7% 16% 0.8% 0.6% 

 Japan  127 0.1% 34,929 0.8% 0.5% 0.9 1.0% 2.4% 19% 0.7% 0.8% 

 Euro. Un  509 0.3% 34,404 1.4% 0.7% 1.0 2.0% 2.7% 17% 1.1% 1.2% 

 Rus. Fed 145 -0.1% 22,352 1.9% 3.7% 0.4 1.7% 2.2% 12% 0.8% 0.9% 

 Mexico  122 1.4% 16,240 1.3% 1.0% 0.9 1.1% 2.1% 12% 2.4% 2.0% 

 Brazil  208 1.2% 14,728 1.5% 2.1% 0.8 -0.4% -0.6% 15% 0.5% 0.0% 

 China  1,371 0.7% 13,124 9.1% 9.0% 0.5 4.5% 3.8% 16% 4.1% 3.5% 

 Indonesia  257 1.3% 10,207 3.4% 4.3% 1.0 1.4% 2.9% 8% 4.8% 4.1% 

 Nigeria  181 2.4% 5,755 2.8% 3.6% 0.7 2.4% 3.6% 2% 2.0% 1.1% 

 India  1,311 1.5% 5,630 4.8% 6.0% 0.7 2.2% 1.9% 11% 2.0% 2.0% 

 Pakistan  188 2.1% 4,632 1.8% 1.6% 0.8 1.0% 1.9% 8% 1.3% 0.2% 

The prices of energy resources are compared to sales prices of electricity and the values of energy 

consumption are observed in the United States and European Union for the period 2005 – 2015; the 

value meaning prices times deliveries. All are real prices in USD2005.  The main energy resources are coal, 

oil and gas because the share of nuclear power and renewable energy in the total energy consumption 



was small. The main sales are due to electricity on grid because the distributed energy systems cover a 

small share in the total electricity consumption.  

The purchases in the United States are estimated based on the international prices per fossil 

fuel multiplied by the resources consumption in it electricity mix 52. Similarly, the sales to residential and 

industrial are energy deliveries multiplied by the sales prices. For the European Union, the purchase 

prices in the United States are used because the European data is not found, and the European mix of 

energy resources in electricity production. For the sales, the delivery prices to mid-size households and 

mid-size industries are used as presented in the statistics though these prices vary per delivery scale 

because taxes increase with the scale and suppliers provide price discounts to large purchasers. Table 2 

shows results: the purchases, the purchase price, sales and value added. The valorization is indicated by 

the higher sales prices to the resource purchase prices. 

Table 2 Trends in the electricity resources and sales in the United States and European Union 

year 
Purchase 
USD/kWh 

Household sale 
prices USD/kWh 

Industrial sales 
price USD/kWh 

Deliveries 
households TWh 

Deliveries 
industries TWh 

 
US EU US EU US EU US EU US EU 

2005 0.015 0.010 0.095 0.17 0.06 0.08 1359 1588 1019 1132 

2006 0.015 0.011 0.101 0.17 0.06 0.09 1352 1643 1011 1130 

2007 0.015 0.011 0.100 0.20 0.06 0.11 1392 1649 1028 1141 

2008 0.016 0.013 0.104 0.21 0.06 0.12 1381 1686 1010 1118 

2009 0.016 0.010 0.106 0.21 0.06 0.12 1365 1690 917 965 

2010 0.015 0.010 0.105 0.20 0.06 0.11 1446 1751 971 1027 

2011 0.015 0.010 0.104 0.22 0.06 0.11 1423 1688 991 1035 

2012 0.016 0.008 0.104 0.21 0.06 0.11 1375 1720 986 1011 

2013 0.015 0.008 0.104 0.23 0.06 0.11 1395 1710 985 996 

2014 0.016 0.010 0.105 0.23 0.06 0.10 1407 1650 998 992 

2015 0.015 0.005 0.105 0.20 0.06 0.08 1404 1682 987 996 

The valorization of energy fuels due to electricity production is substantial: sales to households are 7 

times the purchase costs in the United States and 21 times in European Union and to industries they are 

respectively 4 and 11 times. The higher sales prices in the European Union compared to the United 

States are not solely related to higher taxes on the household energy consumption. The electricity 

production in the United States is also more cost-effective as the average purchase price in the United 

States was about 1.5 times higher than in the European Union but the average sales prices to 

households and industries were only 50% respectively 58% of the European Union prices. The purchase 

and sales prices changed during that period of time and the growth rates differ between the United 

States and the European Union. The purchase prices increased in the United States by 0.3% annual 

                                                             
52 All is estimated in real USD per kWh. https://www.eia.gov/electricity/data.php#avgcost is used until 2012, then 
extrapolated and corrected based on the US Energy Information Administration, Short-Term Energy Outlook Real 
and Nominal Prices 2017 https://www.eia.gov/outlooks/steo/realprices/. These source show similar prices of coal 
but somewhat different for oil and gas  

https://www.eia.gov/electricity/data.php#avgcost
https://www.eia.gov/outlooks/steo/realprices/


average and decreased by – 4.8% in the European Union; the latter is presumably mainly due to the 

lower gas prices during these years. The sales prices to households increased by 1.1% annual average in 

the United States and 2.0% in the European Union. The increases of electricity sales have compensated 

for hardly any increase of the deliveries to households in both countries and even decrease of the 

deliveries to industries. In result, the value added of the total electricity business increased in the United 

States and hardly changed in the European Union despite its lower efficiency. 

The United States data on energy consumption during the period 2007 – 2015 show that the 

increasing sales prices of electricity evolved along with the decreasing prices of the renewable energy 

resources and that there are substantial differences between these resources. The solar power prices 

decreased by 48% annual average, the wind power by 8% of the wind power but nil decrease of the 

hydropower 53. The growing disparity between these sales prices and purchase prices could partly be 

related to the emerging markets of distributed energy systems. In the United States statistics these 

systems are defined as an inventory of particular energy technologies: small scale photovoltaic, local 

electricity and heat grids, energy storage, electric vehicles, charging stations, demand management and 

measuring; sometimes also local biofuels, wind power and co-generation. Based on this the smart grid 

projects, distribution automation and smart metering has grown in that period of time from nil to about 

USD 3.3 billion a year. Although the sales value of the distributed energy systems is only about 0.8% of 

the total electricity sales in the United States its value growth is about 17% annual average, 54 which is 

nearly 7 times faster than the growth of all electricity sales. Similar data on the European Union is not 

found. The increasing sales prices in the European Union can partly related to the growing renewable 

energy consumption as indicated by the increasing correlations of that consumption with the enlarging 

share of renewable energy in electricity consumption across the countries (from R2 = 0.04 in 2005 to R2 = 

0.36 in 2015). This correlation cannot be confirmed for the United States because data across the states 

cover only a few years during that period of time and the share of renewable energy was lower. 

The observed increasing value function of energy consumption along with the decreasing costs of 

renewable energy has two major implications for the decarbonization. One is the price incentives for 

prudent energy consumption albeit not sensitive to the prices. More importantly, the value growth 

along with cheaper renewable energy enables faster substitution of fossil fuels entailing emission 

reduction of carbon dioxide.  

4. Decarbonization measured  

The decarbonization evolves due to changes of energy consumption per capita and carbon content in 

the energy mix of consumption. The result of these two factors is carbon dioxide emission (CO2).  

The decarbonization trends are shown in Table 3: energy consumption per capita, carbon 

content in CO2 equivalents and CO2 emissions based on calculations with use of the EIA conversion 

                                                             
53 https://www.statista.com/statistics/289149/revenue-solar-power-industry-united-states 
54 https://www.statista.com/statistics/222082/projected-us-smart-grid-market-size-since-2009/ 



factors. The trend of energy consumption per capita hardly increases globally and decreases in all 

highest income countries; the economic recession had mixed effects on the countries’ decrease. It is 

presumably caused by large differences in energy consumption between countries, for instance that 

consumption per capita is 14 times higher in the United States than in 11 times poorer Pakistan. That 

consumption is not solely related to income, for example the Chinese energy consumption increased 

nearly six times faster than the Pakistani one though it has three times higher income per capita. Some 

countries are energy intensive because host businesses that use much energy for low valued products, 

for instance Russian Federation and China, or consume wastefully as the United States. The carbon 

content in energy consumption has hardly decreased globally though it grows slower than the energy 

consumption globally and in all countries except Japan and Mexico; in Japan presumably because of 

closure of nuclear power and in Mexico because of more oil use. The carbon dioxide emissions are in 

line with the carbon content. The volume and composition of fossil fuels consumption have little 

influence on the global decarbonisation though there are difference between high income and lower 

income countries. 

Table 3 Energy consumption per income and carbon dioxide emission in the consumption 

 Energy consumption C in energy consumption as 
CO2 equivalents 

CO2 emission  

kWh/ 
cap 

Annual average 
growth 

kg/kWh Annual average 
growth 

ton/ 
cap. 

Annual average 
growth 

2015  1990 -
2015  

 2005 - 
2015  

2015 1990 -
2015 

2005-
2015 

2015 1990-
2015 

2005-
2015 

 World  21,958 0.5% 0.6% 2.4 0.0% 0.0% 4.4% 0.5% 0.7% 

 United States 81,491 -0.3% -2.5% 2.3 -0.3% -0.5% 16.4% -0.6% -3.0% 

 Japan  39,286 -0.2% -1.8% 2.7 0.5% 1.7% 9.0% 0.3% -0.2% 

 European Un. 34,313 -0.6% -2.0% 2.0 -0.8% -1.0% 5.8% -1.4% -3.0% 

 Russian Fed.  55,558 -0.8% 0.5% 2.0 -0.8% -1.2% 9.7% -1.6% -0.7% 

 Mexico  17,517 0.2% -1.0% 2.3 0.3% -0.2% 3.4% 0.6% -1.2% 

 Brazil  17,452 1.9% 2.8% 1.6 0.8% 1.1% 2.4% 2.8% 3.9% 

 China  26,274 4.5% 5.0% 3.0 0.9% 0.1% 6.7% 5.4% 5.0% 

 Indonesia  10,550 2.0% 1.3% 2.0 1.6% 1.4% 1.8% 3.7% 2.7% 

 Nigeria  8,732 0.4% 0.0% 0.4 0.0% -2.2% 0.3% 0.4% -2.2% 

 India  7,762 2.6% 4.0% 2.5 1.5% 1.8% 1.7 4.1% 5.9% 

 Pakistan  5,628 0.8% -0.3% 1.5 0.6% -0.1% 0.7 1.4% -0.3% 

The decarbonization on the energy markets evolves due to the growing renewable energy, in particular 

the modern one. Table 4 shows shares of all renewable energy and modern renewable energy in all 

energy consumption as well as their annual average growth rates. The share of renewable energy is 

globally about 14% of all energy consumption which varies from 3% in the Russian Federation to about 

80% in Nigeria. The biofuels and hydropower covered about 90% of all renewable energy in 2015, even 

100% in Nigeria and Pakistan; lower income countries consume much renewable energy, in particular 

biofuels. The global growth of all renewable energy is slow because the biofuels increase is in line with 

the total energy consumption (both 1.8% annual average) and hydropower somewhat faster (2.5%). The 



energy consumption in China and India has grown even twice faster than all renewable energy. The 

decarbonization of the global energy consumption in the next few years is presumably slow because 

biofuels and hydropower have large scale but grow slowly. Modern renewable energy has only 1.4% 

share in the global energy consumption. Only geothermal energy in Indonesia (7% of all consumption) 

and wind power in the European Union (3% of all consumption) have significance in the energy mix 

whereas the share is nearly nil in Russian Federation, Nigeria and Pakistan.  In the next decades, it can 

change because the global modern renewable energy grows fast, 7% a year though the growth varies 

across countries and periods. Fast growth of modern renewable energy is attained in China (37.2%), 

India (28.2%), Brazil (21.7%) and European Union (11.3%), but nil in Pakistan and Mexico. The income 

growth is correlated to growth of modern renewable energy (R2 = 0.8). Moreover, economic recession in 

high income countries accelerated the global growth of modern renewable to 10.7%, as well as in Brazil 

(40.5%) and European Union (13.6%) along with minor slowdown in China (24.6%) and India (14.9%).  

 

During last decades, the energy consumption has grown slower than income but also the carbon content 

in the consumption is hardly decreased though renewable energy accrued a larger share on the global 

energy market. For the decades to come, modern renewable energy can become a dominant energy 

resource. The two-digit growth of modern renewable energy in China, Brazil, India, and European Union 

implies tough rivalry between fossil fuels and modern renewable energy.  

5. Mitigation of climate change 

Possibilities of mitigation climate change are assessed through extrapolation of the past growth rates on 

the assumption that renewable energy substitutes fossil fuels when it grows faster than the total energy 

consumption. It means that the biofuel, hydro and modern energy resources reduce consumption of 

coal, oil, gas or nuclear without preferences between them but in proportion to their share in the fossil 

Table 4 Share renewable energy in all energy consumption and growth of renewable energy 

 % all 
renewables 

growth of all renewable 
energy 

% modern 
renewables 

growth of modern 
renewable energy 

  1990-2015  2000 -2015   1990-2015 2000-2015 

 World  14% 2.3% 3.1% 1.4% 6.9% 10.7% 

 United States 7% 1.9% 3.7% 1.4% 3.4% 10.0% 

 Japan  6% 2.2% 4.1% 1.4% 2.9% 4.2% 

 European Un. 15% 4.4% 5.4% 2.9% 11.3% 13.6% 

 Russian Fed.  3% -0.8% -0.6% 0.0% 9.0% -9.1% 

 Mexico  9% 0.8% 0.0% 2.2% 0.1% -3.9% 

 Brazil  38% 2.4% 2.5% 1.0% 21.7% 40.5% 

 China  12% 2.2% 4.2% 1.5% 37.2% 24.6% 

 Indonesia  34% 2.2% 2.2% 7.8% 9.3% 5.1% 

 Nigeria  80% 3.0% 2.8% 0.0% 0.0% 0.0% 

 India  24% 1.7% 2.1% 0.5% 28.2% 14.9% 

 Pakistan  40% 2.4% 1.8% 0.0% 0.0% 0.0% 



fuels total in 2015. The totals of fossil fuels and renewable energy are aligned to the total energy 

consumption in every country, which implies that transfers of renewable energy across countries are 

assumed unfeasible. Table 5 shows indices of income, energy consumption, renewable energy and 

carbon dioxide emissions in the 2040 being 25 years after reference in 2015 (2015 = 100) based on trend 

from the past 25 years during 1990 – 2015 and 15 years during 2005 - 2015.  

Table 5 Projection of income, energy consumption, renewable energy and carbon dioxide emission 
based on the growth rates during 1990-2015 and 2005-2015 

2015 =  100 Income Energy 
consumption 

Modern renewable 
energy 

Carbon dioxide 
emissions 

Past growth 
rates 

1990-
2015 

2005-
2015 

1990-
2015 

2005-
2015 

1990-
2015 

2005-
2015 

1990-
2015 

2005-
2015 

Projection 2040 2040 2040 2040 2040 2040 2040 2040 

World 378 310 150 196 81,803 17,774 44 57 

United States 183 141 118 93 230 1,073 109 68 

Japan 124 111 98 62 203 281 90 40 

European Union 150 126 92 64 1,445 2,432 21 - 

Russian Fed. 124 199 80 117 859 9 90 133 

Mexico 195 178 149 107 102 37 151 99 

Brazil 203 215 129 219 13,447 495,003 - - 

China 938 698 216 354 272,903 24,351 - - 

Indonesia 301 310 220 160 923 345 156 133 

Nigeria 329 342 203 184 #DIV/0! #DIV/0! 189 113 

India 427 429 156 278 49,936 3,200 - 295 

Pakistan 247 197 207 148 100 100 207 133 

When trends are extrapolated 3 to 4 times larger income in 2040 can be expected, but the countries’ 

income diverges, for instance the Chinese income can increase tenfold but the Japanese, European and 

Russian income growth stagnates. The energy consumption can increase 1.5 to 2 times along with the 

decrease in Japan, European Union and Russia Federation. The modern renewable energy enlarges 

hundreds of times in European Union, Brazil, China and India, but hardly in Russian Federation, Mexico, 

Nigeria and Pakistan. The global carbon dioxide emissions decrease by - 2.8% and – 1.9% annual average 

to 44% or 57% of the 2015 level. The European Union, Brazil, China and Indian become nearly fossil fuels 

free due to fast annual average growth of modern renewable energy during past 25 years. It can be 

questioned whether the growth rates of energy consumption and modern renewable energy can be 

sustained during the next decades because growth decreases as markets saturate. Technology diffusion 

is usually expressed as logistic function in time. This expression is approximated by the linear decrease 

of the growth rates of energy consumption and renewable energy from 100% in 2015 to nil in 2040. 

These extrapolations shows the growing global energy consumption by 0.3% annual average during next 

25 years compared to 0.5% increase during past 25 years and the decreasing carbon dioxide emission by 

– 2.1% in the future compared to 1.9% increase in the past. The decreasing trend of carbon dioxide is a 

robust trend if policy interventions in favor of fossil fuels are prevented. 



 Extrapolations of the past trend on energy markets indicate sufficient reduction of carbon 

dioxide to mitigate climate change along with higher income and lower energy consumption. This is 

attained due to value adding energy products based on modern renewable energy if this trend is not 

obstructed by policies aiming to protect interests in fossil fuels. Climate change can be mitigated if 

policies foster the innovations mechanisms on energy markets. 

6. Conclusions  

The innovations mechanism of valorization on energy markets and its consequences for the emission 

reduction of carbon dioxide are assessed statistically for the periods 1990 – 2015 and 2005 – 2015; the 

latter with regard to economic recession in high income countries. Value on energy markets increases 

faster than energy consumption. This valorization enables market entry of costly modern renewable 

technologies based on geothermal, wind and solar resources entailing fast cost-reducing technological 

change when scale in the renewable energy consumption is generated, referred to as decarbonization 

on energy markets. 

The valorization is explained by compounding of valuable attributes in the value chains of 

energy products because aiming at more powerful, flexible and cleaner services because aiming to fulfil 

growing demands of individuals and communities for convenience, mobility, autonomy, respectively 

local jobs, stable income, pollution reduction and so on. When functionalities of energy products are 

enriched with valuable attributes income growth is generated, given energy consumption. The electricity 

consumption is an expression of that valorization. The costs of electricity consumption in the United 

States and European Union are more than dozen times higher than the energy resources and they 

increase along with lower costs of energy resources. The value of electricity services increased when 

renewable energy is introduced on grid entailing two-digit growth of modern renewable energy based 

on geothermal, wind and solar resources in China, Brazil, India and the European Union. The value of 

electricity services manifold when distributed energy systems with storage are introduced.  

If past trend are extrapolated to 2040 without changes the global income increases four to five 

times along twice higher global energy consumption, which reflects the valorization mechanism. The 

carbon dioxide emissions, however, decrease to 42% or 57% of the 2015 emissions, which enables to 

mitigate climate change and a number of countries become fossil free. This reflects the decarbonization 

mechanism due to modern renewable energy. Energy markets face tough rivalry between the fossil fuel 

resources and renewable energy ones, whereby the renewable presumably gain because they generate 

higher value on energy markets. The innovation mechanisms of valorization of energy products entailing 

decarbonization of energy resources enable sustainable development towards higher income, prudent 

energy consumption and low level of carbon dioxide emission. 

  



 

Appendix. 

 
Statistics and  

Extrapolated 2013-14 Annual average growth Extrapolated trend 

World 1990 2015 1990-2015 2005-2015 2020 2040 

Population mln 5,278 7,335 1.3% 1.2% 7,738 9,666 

GDP bln USD 2010 37,741 74,776 2.8% 2.6% 88,457 219,699 

GDP PPP bln USD 45,735 104,746 3.4% 3.6% 129,899 395,645 

Energy prod. Mtoe 8,809 14,009 1.9% 1.9% 15,601 26,178 

Energy cons. Mtoe 8,772 13,849 1.8% 1.8% 14,863 20,760 

Electric cons. TWh 10,912 22,360 2.9% 2.9% 27,872 92,415 

CO2 Mt 20,502 32,633 1.9% 1.9% 34,024 14,304 

coal 2220 3,940 2.3% 2.8% 4,219 964 

all liquids 3233 4,356 1.2% 0.8% 4,479 2,667 

gas 1663 2,897 2.2% 2.1% 2,929 2,282 

nuclear 525 675 1.1% -0.7% 667 418 

biofuels 909 1,435 1.8% 2.4% 1,590 2,516 

hydro 184 343 2.5% 3.1% 442 1,724 

geoth, solar wind 37 193 6.9% 10.7% 488 157,880 

total and balance 8771 13839 1.8% 1.8% 14,880 188,384 

fossil fuels 7,116 11,193 1.8% 1.8% 12,440 6,008 

renewable 1,130 1,971 2.3% 3.1% 2,562 187,448 

 

United States 1990 2015 1990-2015 2005-2015 2020 2040 

Population mln 250 321 1.0% 2.3% 338 414 

GDP bln USD 2010 9,064 16,540 2.4% 1.4% 18,660 30,229 

GDP PPP bln USD 9,064 16,538 2.4% 1.4% 18,657 30,222 

Energy prod. Mtoe 1,652 2,146 1.1% 2.8% 2,263 2,798 

Energy cons. Mtoe 1,915 2,249 0.7% -0.3% 2,323 2,645 

Electric cons. TWh 2,923 4,164 1.4% 0.3% 4,471 5,942 

CO2 Mt 4,802 5,249 0.4% -0.8% 5,196 5,735 

coal 460 432 -0.2% -2.5% 445 491 

all liquids 756 792 0.2% -1.2% 816 900 

gas 438 642 1.6% 2.4% 661 730 

nuclear 159 218 1.3% 0.3% 225 248 

biofuels 62 107 2.2% 3.5% 119 185 

hydro 23 21 -0.3% -0.9% 21 19 

geoth, solar wind 14 31 3.4% 10.0% 37 71 

total and balance 1912 2243 0.6% -0.2% 2,323 2,645 

fossil fuels 1,654 1,866 0.5% -0.5% 2,146 2,369 



renewable 99 159 1.9% 3.7% 177 276 
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Statistics and  

Extrapolated 2013-14 Annual average growth Extrapolated trend 

Japan 1990 2015 1990-2015 2005-2015 2020 2040 

Population mln 124 127 0.1% -0.1% 128 130 

GDP bln USD 2010 4,553 5,641 0.9% 0.4% 5,888 6,990 

GDP PPP bln USD 3,580 4,436 0.9% 0.4% 4,631 5,498 

Energy prod. Mtoe 75 26 -3.5% -11.6% 22 11 

Energy cons. Mtoe 439 429 -0.1% -1.9% 427 421 

Electric cons. TWh 841 972 0.6% -1.1% 1,001 1,128 

CO2 Mt 1,041 1,148 0.4% -0.3% 1,117 1,035 

coal 76 115 1.7% 0.4% 113 105 

all liquids 251 182 -1.3% -2.8% 179 166 

gas 44 110 3.7% 4.5% 108 100 

nuclear 53 - -18.6% -50.5% - - 

biofuels 4 11 4.2% 8.3% 14 31 

hydro 7 7 0.0% 0.0% 7 7 

geoth, solar wind 3 6 2.9% 4.2% 7 12 

total and balance 438 431 0.0% -1.8% 427 421 

fossil fuels 371 407 0.4% -0.4% 400 371 

renewable 14 24 2.2% 4.1% 27 50 

 

European Union 1990 2015 1990-2015 2005-2015 2020 2040 

Population mln 478 509 0.3% 0.3% 515 542 

GDP bln USD 2010 11,880 17,658 1.6% 0.9% 19,117 26,265 

GDP PPP bln USD 11,706 17,511 1.6% 0.9% 18,983 26,213 

Energy prod. Mtoe 951 756 -0.9% -1.8% 722 602 

Energy cons. Mtoe 1,645 1,502 -0.4% -1.8% 1,476 1,375 

Electric cons. TWh 2,465 2,932 0.7% -0.6% 3,037 3,495 

CO2 Mt 4,024 2,972 -1.2% -2.7% 2,673 617 

coal 455 250 -2.4% -2.4% 232 54 

all liquids 606 506 -0.7% -2.3% 470 108 

gas 297 299 0.1% -3.8% 277 64 

nuclear 207 227 0.4% -1.3% 211 49 

biofuels 47 143 4.6% 4.8% 179 437 

hydro 25 32 1.0% 1.7% 34 41 

geoth, solar wind 3 43 11.3% 13.6% 73 622 

total and balance 1640 1500 -0.3% -1.8% 1,476 1,375 



fossil fuels 1,358 1,055 -1.0% -2.8% 1,190 275 

renewable 75 218 4.4% 5.4% 286 1,100 

 

Appendix continue 

 Statistics Annual average growth Extrapolated trend 

Russian Federation 1990 2015 1990-2015 2005-2015 2020 2040 

Population mln 148 145 -0.1% 0.1% 144 142 

GDP bln USD 2010 1,414 1,688 0.9% 2.8% 1,761 2,087 

GDP PPP bln USD 2,715 3,241 0.9% 2.8% 3,381 4,006 

Energy prod. Mtoe 1,293 1,272 0.0% 0.6% 1,271 1,268 

Energy cons. Mtoe 879 693 -0.9% 0.6% 662 552 

Electric cons. TWh 990 962 -0.1% 1.5% 958 943 

CO2 Mt 2,163 1,401 -1.7% -0.6% 1,513 1,256 

coal 191 100 -2.5% -1.2% 96 79 

all liquids 264 173 -1.5% 3.0% 165 137 

gas 367 349 -0.2% 0.0% 334 277 

nuclear 31 49 1.9% 2.3% 47 39 

biofuels 12 7 -2.1% 0.0% 6 4 

hydro 14 14 0.0% -0.7% 14 14 

geoth, solar wind 0.02 0 9.0% -9.1% 0 1 

total and balance 879 692 -0.9% 0.6% 662 552 

fossil fuels 822 622 -1.1% 0.5% 642 533 

renewable 26 21 -0.8% -0.6% 20 19 

 

Mexico 1990 2015 1990-2015 2005-2015 2020 2040 

Population mln 87 122 1.4% 1.3% 131 171 

GDP bln USD 2010 618 1,203 2.7% 2.3% 1,375 2,347 

GDP PPP bln USD 1,018 1,981 2.7% 2.3% 2,264 3,864 

Energy prod. Mtoe 195 200 0.1% -2.5% 201 207 

Energy cons. Mtoe 124 184 1.6% 0.3% 199 274 

Electric cons. TWh 99 265 4.0% 2.3% 323 712 

CO2 Mt 257 414 1.9% 0.1% 452 625 

coal 4 13 4.9% 0.8% 14 20 

all liquids 80 93 0.7% -0.7% 102 141 

gas 23 58 3.8% 2.3% 64 88 

nuclear 1 1 0.7% -9.9% 1 2 

biofuels 8 9 0.5% 0.0% 9 10 

hydro 2 4 3.0% 7.2% 5 8 

geoth, solar wind 4 4 0.1% -3.9% 4 4 

total and balance 122 182 1.7% 0.2% 199 274 



fossil fuels 107 164 1.8% 0.4% 181 251 

renewable 14 17 0.8% 0.0% 18 23 
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Brazil 1990 2015 1990-2015 2005-2015 2020 2040 

Population mln 150 208 1.2% 0.8% 221 283 

GDP bln USD 2010 1,190 2,414 2.9% 3.1% 2,780 4,894 

GDP PPP bln USD 1,510 3,064 2.9% 3.1% 3,529 6,212 

Energy prod. Mtoe 104 281 3.6% 2.7% 336 688 

Energy cons. Mtoe 140 312 3.0% 3.2% 328 402 

Electric cons. TWh 218 546 3.5% 3.2% 649 1,294 

CO2 Mt 184 501 3.7% 3.8% 483 0 

coal 10 18 2.4% 3.3% 18 0 

all liquids 59 130 3.2% 4.1% 131 0 

gas 3 38 11.0% 8.4% 38 0 

nuclear 0.5 4 8.8% 3.0% 4 0 

biofuels 48 85 2.3% 3.1% 95 152 

hydro 18 30 2.1% 0.4% 33 50 

geoth, solar wind 0 3 21.7% 40.5% 8 403 

total and balance 139 308 3.3% 3.8% 328 606 

fossil fuels 72 186 3.9% 4.7% 191 - 

renewable 66 118 2.4% 2.5% 137 606 

 

China 1990 2015 1990-2015 2005-2015 2020 2040 

Population mln 1,135 1,371 0.7% 0.4% 1,421 1,639 

GDP bln USD 2010 824 8,788 9.4% 8.1% 13,750 82,393 

GDP PPP bln USD 1,686 17,982 9.4% 8.1% 28,135 168,615 

Energy prod. Mtoe 881 2,625 4.4% 4.2% 3,255 7,696 

Energy cons. Mtoe 871 3,097 5.1% 5.2% 3,612 6,681 

Electric cons. TWh 580 5,592 9.1% 8.3% 8,661 49,831 

CO2 Mt 2,076 9,194 6.1% 5.3% 10,234 0 

coal 578 2,002 5.2% 5.3% 2,206 0 

all liquids 119 524 6.3% 5.6% 577 0 

gas 13 168 10.9% 15.7% 185 0 

nuclear 0 39 11.2% 10.9% 43 0 

biofuels 200 218 0.3% 0.7% 222 238 

hydro 11 102 9.4% 11.6% 160 957 

geoth, solar wind 0.03 45 37.2% 24.6% 219 122,806 

total and balance 921 3098 5.0% 5.5% 3,612 124,002 



fossil fuels 710 2,694 5.5% 5.6% 3,011 - 

renewable 211 365 2.2% 4.2% 600 124,002 
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Indonesia 1990 2015 1990-2015 2005-2015 2020 2040 

Population mln 181 257 1.3% 1.1% 274 356 

GDP bln USD 2010 300 987 4.5% 4.6% 1,230 2,971 

GDP PPP bln USD 796 2,621 4.5% 4.6% 3,267 7,891 

Energy prod. Mtoe 168 454 4.1% 5.1% 556 1,251 

Energy cons. Mtoe 99 233 3.2% 1.9% 273 512 

Electric cons. TWh 29 219 8.0% 5.6% 321 1,484 

CO2 Mt 134 472 4.5% 2.3% 507 738 

coal 3 43 11.3% 6.9% 51 74 

all liquids 33 73 3.3% 1.2% 87 126 

gas 16 36 3.4% 2.3% 43 62 

nuclear 0 - 0.0% 0.0% - - 

biofuels 43 59 1.3% 1.5% 63 81 

hydro 0.5 1 2.9% 0.0% 1 2 

geoth, solar wind 2 18 9.3% 5.1% 28 166 

total and balance 98 230 3.5% 2.5% 273 512 

fossil fuels 52 152 4.4% 2.7% 181 263 

renewable 46 78 2.2% 2.2% 92 249 

 

Nigeria 1990 2015 1990-2015 2005-2015 2020 2040 

Population mln 96 181 2.4% 2.1% 204 326 

GDP bln USD 2010 131 479 4.9% 5.1% 608 1,577 

GDP PPP bln USD 284 1,040 4.9% 5.0% 1,320 3,426 

Energy prod. Mtoe 146 265 2.3% 0.9% 296 464 

Energy cons. Mtoe 66 136 2.9% 2.5% 157 276 

Electric cons. TWh 8 26 4.6% 2.9% 33 81 

CO2 Mt 28 58 3.3% 1.0% 70 110 

coal 0.04 0 1.9% 20.6% 0 0 

all liquids 11 12 0.4% -0.8% 13 20 

gas 3 16 7.0% 6.1% 17 27 

nuclear 0 - 0.0% 0.0% - - 

biofuels 52 109 3.0% 2.9% 126 229 

hydro 0.4 1 1.3% -6.5% 1 1 

geoth, solar wind 0 - 0.0% 0.0% - - 



total and balance 66 138 3.0% 2.7% 157 276 

fossil fuels 14 28 2.9% 2.5% 30 47 

renewable 52 110 3.0% 2.8% 127 229 

Appendix continue 

 Statistics Annual average growth Extrapolated trend 

India 1990 2015 1990-2015 2005-2015 2020 2040 

Population mln 871 1,311 1.5% 1.1% 1,416 1,926 

GDP bln USD 2010 481 2,346 6.0% 6.0% 3,136 10,006 

GDP PPP bln USD 1,512 7,371 6.0% 6.0% 9,852 31,446 

Energy prod. Mtoe 280 560 2.5% 2.7% 635 1,050 

Energy cons. Mtoe 306 874 3.8% 4.2% 956 1,365 

Electric cons. TWh 238 1,105 5.8% 6.2% 1,467 4,561 

CO2 Mt 530 2,188 5.1% 5.6% 2,350 0 

coal 93 416 6.2% 8.5% 454 0 

all liquids 61 192 4.7% 4.5% 209 0 

gas 11 42 5.7% 3.1% 46 0 

nuclear 2 9 6.4% 8.5% 10 0 

biofuels 133 196 1.6% 2.0% 212 289 

hydro 6 10 2.1% 1.1% 11 17 

geoth, solar wind 0.01 4 28.2% 14.9% 14 1,997 

total and balance 306 869 4.3% 5.4% 956 2,303 

fossil fuels 165 650 5.6% 6.7% 719 - 

renewable 139 210 1.7% 2.1% 237 2,303 

 

Pakistan 1990 2015 1990-2015 2005-2015 2020 2040 

Population mln 108 188 2.1% 1.8% 209 317 

GDP bln USD 2010 80 215 3.7% 2.8% 258 530 

GDP PPP bln USD 322 870 3.7% 2.8% 1,042 2,148 

Energy prod. Mtoe 34 68 2.8% 1.1% 78 136 

Energy cons. Mtoe 43 91 3.0% 1.6% 105 189 

Electric cons. TWh 30 87 4.4% 2.1% 108 254 

CO2 Mt 56 139 3.6% 1.4% 154 288 

coal 2 3 1.9% -2.8% 4 7 

all liquids 10 25 3.8% 3.9% 29 55 

gas 10 26 4.0% 0.0% 31 57 

nuclear 0.1 1 10.6% 0.0% 1 2 

biofuels 19 33 2.2% 2.0% 37 57 

hydro 1 3 5.3% 0.0% 4 11 

geoth, solar wind 0 0 0.0% 0.0% 0 0 

total and balance 42 91 3.1% 1.6% 105 189 



fossil fuels 22 54 3.7% 1.4% 65 120 

renewable 20 36 2.4% 1.8% 41 68 

 


