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This is an update on the 2009 note published by the authors for the IEA Solar Heating & 
Cooling Programme [1].  
 
The objective of the 2009 document was to put in perspective the potential of often-cited 
nuclear and renewable alternatives to Green House Gas (GHG)-emitting fossil energy 
sources. Its main conclusion was that, although a mix of alternatives including 
hydropower, biomass/biofuels, geothermal, ocean thermal energy conversion, waves, 
tides, wind, and solar, appeared liked a sound approach to bringing about the desired 
economically and environmentally sustainable energy future (akin to putting future 
energy eggs in different baskets), a review of their potential clearly showed that the solar 
resource dwarfed all other renewables (and fossil/nuclear alike) by orders of magnitude, 
and that therefore the desired economically and environmentally sustainable energy mix 
of the future should be essentially solar-based. 
 
The three-dimensional rendering appearing in the 2009 note and reproduced here in 
Figure 1 compared the annual energy consumption of the world at the time to (1) the 
known economically exploitable reserves of the finite fossil and nuclear resources and (2) 
the yearly potential of the renewable alternatives. The volume of each sphere in the figure 
represents the total amount of energy recoverable from the finite reserves and the energy 
recoverable per annum from renewable sources. 
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Figure 1: 2009 Estimate of finite and renewable planetary energy reserves (Terawatt-years). Total 
recoverable reserves are shown for the finite resources. Yearly potential is shown for the 
renewables.  
 
 
Conditions have evolved since 2009, hence the rationale for this update. 

 The energy consumption of the world has increased nearly 12% to 18.3TW-yr per 
annum in 2014 [26]. We estimate it will reach 27TWyr per annum in 20501. 

 The economically exploitable fossil fuel energy reserves have increased 
appreciably thanks to the development of hydraulic fracturing technologies along 
with exploitation of the Canadian tar sands and Venezuela’s Orinoco basin – 
although many question the correspondingly increased CHG and other 
environmental impacts of these technologies. 

 
Figure 2 illustrates the current conditions. Overall, the conclusions remain the same: solar 
remains the largest resource by far.  Even when pushing economically acceptable fossil 
sources to their current limit, the global picture is basically unchanged. Especially if one 
considers that the threshold for economic viability will be lowered by environmental 
pressure and, more effectively perhaps, by the fact that solar is rapidly becoming the 
lowest cost resource on a straight energy production basis, further lowering the economic 
viability threshold of other sources. 
 
 

                                                 
1 Assuming linear growth 
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Figure 2: 2015 estimated finite and renewable planetary energy reserves (Terawatt-years). Total 
recoverable reserves are shown for the finite resources. Yearly potential is shown for the 
renewables.  
Figure 2 Notes:  
(1) The uranium sphere [13-20] assumes direct fission of all known exploitable sources of uranium on the 
planet including reasonably assured and inferred reserves, as well as prognosticated and speculated 
reserves, and uranium extractable from phosphates. However it does not include uranium that could be 
extracted from sea water (a technology that does not yet exists). The dotted outline represents the nuclear 
potential that would be achievable if 100% of all fission byproducts were ideally reprocessed.  
(2) The yearly geothermal potential illustrated is based on the IEA cumulative recoverable estimate of 85 
GW-yr to the year 2050 using conventional technologies [22]. Future, yet highly environmentally 
questionable, deep hydro-fracking-based technologies known as enhanced geothermal systems (EGS [23]) 
could enhance geothermal recovery well over a 100-fold (dotted line). These technologies do not exist 
today.  
(3) 2015 global primary energy use is extrapolated from the 2014 reference [26] by linear forecasting. 
 
 
Another point that many have questioned in the 2009 note is that the solar resource 
potential represented is that of the entire planet (excluding oceans), accounting for 
weather, but assuming perfect conversion efficiency. However, even if one only assumes 
optimal solar deployment in urban/suburban areas of the world [23, 24] plus 
transportation and other networks and small amount of central plants deployment – a total 
amounting to <4% of land area, and a conversion efficiency of as little as 20% 
(achievable today and a very conservative estimate for the years to come) solar remains 
the essential part of the energy mix of the future. In addition, while with such efficiency 
and deployable land limits, the one-year solar potential would “only” be of the order of 
the planetary reserves of coal, a multiple-year outlook unquestionably shows that solar is 
the overwhelming energy solution for the future of the planet. 
 



IEA-SHCP-Newsletter Vol. 62, Nov. 2015 – draft 
 

REFERENCE 
 
1. Perez, R. and M. Perez, (2009): A fundamental look at energy reserves for the planet. The International Energy Agency 

SHCP Solar Update, Volume 50, pp. 2-3, April 2009. 
2. S. Heckeroth,  Renewables.com,  adapted from Christopher Swan (1986): Sun Cell, Sierra Club Press 
3. C. Archer & M. Jacobson , Evaluation of Global Wind Power -- Stanford University, Stanford, CA 
4. World Energy Council 
5. G. Nihous, An Order-of-Magnitude Estimate of Ocean Thermal Energy Conversion (OTEC) Resources, Journal of Energy 
Resources Technology -- December 2005 -- Volume 127, Issue 4, pp. 328-333 
6. R. Whittaker (1975): The Biosphere and Man  -- in Primary Productivity of the Biosphere. Springer-Verlag, 305-328. ISBN 
0-3870-7083-4. 
7. Environmental Resources Group, LLC http://www.erg.com.np/hydropower_global.php 
8. MIT/INEL The Future of Geothermal Energy-- Impact of Enhanced Geothermal Systems [EGS] on the U.S. in the 21st 
Century http://www1.eere.energy.gov/geothermal/egs_technology.html -- based on estimated energy recoverable economically 
in the next 50 years. Ultimate high depth potential would be much higher. 
9. BP Statistical Review of World Energy 2007  
10. http://www.wise-uranium.org/stk.html?src=stkd03e 
11. R. Price, J.R. Blaise (2002): Nuclear fuel resources: Enough to last? NEA updates, NEA News 2002 – No. 20.2 
12. Solar energy received by emerged continents only, assuming 65% losses by atmosphere and  clouds 
13. Number includes existing global stockpiles of U3O8 ore, Highly Enriched Uranium (HEU), Low Enriched Uranium (LEU), 

Plutonium stockpiles, Identified Resources (Reasonably Assured Recoverable + Inferred), Waste Resources (Stockpiles of 
Reprocessed Uranium, Depleted Uranium, Mill Tailings and Spent Nuclear Fuel), Undiscovered Resources (Prognosticated 
resources, and speculative resources) and super speculative resources including the assessed uranium resource in global 
marine and organic phosphates.  All stockpiles and resources are converted to their N.U. equivalents available at a price 
point <=$450/kgU. For waste resources and resources with a low concentration of U235, the costs of reprocessing or 
enriching are taken into account as are the costs of downblending for already enriched resources like HEU and LEU.  More 
information available upon request. 

14. Supply of Uranium in phosphates: International Atomic Energy Agency. 2001. Analysis of Uranium Supply to 2050.Vienna. 
15. Supply of Uranium in fission waste: Nuclear Wastes: Technologies for Separations and Transmutation. Commission on 

Geosciences, Environment and Resources (CGER), National Academy Press (1996) 
16. Supply of Uranium in global arms inventory: Carter, L. J. & Pigford, T. H. The World's Growing Inventory of Civil Spent 

Fuel. Arms Control Today, January/February (1999).  
17. Supply of Uranium in global mill tailings:  

16a. Mudd, G. M. & Diesendorf, M. Sustainability of uranium Mining and Milling: Toward Quantifying Resources and 
Eco-Efficiency. Environmental Science and Technology 2008, 2624-2630 (2007). 18 Abdelouas, A. Uranium Mill 
Tailings: Geochemistry, Mineralogy, and Environmental Impact. Geo Science World: Elements 2, 335-341 (2006).  
16b. Uranium Mill Tailings Inventory. WISE-Uranium, http://www.wise-uranium.org/umaps.html (2010).  
16c. Abdelouas, A. Uranium Mill Tailings: Geochemistry, Mineralogy, and Environmental Impact. Geo Science World: 
Elements 2, 335-341 (2006).  

18. Supply of Uranium in depleted uranium stockpiles:  
17a. Health and Environmental Consequences of Depleted Uranium Use in the U.S.Army: Technical Report. Army 
Environmental Policy Institute, Atlanta, Georgia 1995, 200+ p.  
17b. Schneider, E. A., Deinert, M. R. & Cady, K. B. Cost analysis of the US spent nuclear fuel reprocessing facility. 
Energy Economics 31, 627-634, doi:10.1016/j.eneco.2008.12.011 (2009).  
17c. IAEA, OECD/NEA, Management of Depleted Uranium, OECD, Paris, France, 2001.  

19. Supply of Uranium in reprocessed uranium stockpile:  
18a. Ragheb, M. in Nuclear, Plasma and Radiation Science: Inventing the Future Ch. 10, (University of Illinois, Dept. of 
Nuclear, Plasma, and Radiological Engineering, 2009).  
18b. Villani, S. Progress in Uranium Enrichment. Natur Wissenschaften 71, 115-123 (1984).  
18c. Management of Reprocessed Uranium: Current Status and Future Prospects. Report No. IAEA- TECDOC-1529, 
(IAEA: International Atomic Energy Agency, 2007). 

20. Supply of Uranium in Identified Resources (RAR + inferred): OECD Nuclear Energy Agency, International Atomic Energy 
Agency (2014). Uranium 2014: Resources, Production and Demand. 

21. Oil, gas, coal and global primary energy use: British Petroleum Company. 2015. BP Statistical Review of World Energy 
Primary Energy: Consumption, June, 2015. London 

22. Eisentraut, A. & Brown, A. 2014. Heating without Global Warming. International Energy Agency. 2014. Paris  
*Note that 85 GWyr is the forecast for 2050 for cumulative Geothermal capacity outlay by the IEA.   
The potential of EGS (Enhanced Geothermal System) is nearly infinite.  8800 TWyr conservatively (accessing 2% of the 
resource)..  However, accessing this resource is fraught with environmental issues. [see 23] 

23. Tester, J., et al., (2006): The Future of Geothermal Energy. MIT Energy Initiative report, http://miti.mit.edu 
24. Center for International Earth Science Information Network - CIESIN - Columbia University, International Food Policy 

Research Institute - IFPRI, The World Bank, and Centro Internacional de Agricultura Tropical - CIAT. 2011. Global Rural-
Urban Mapping Project, Version 1 (GRUMPv1): Urban Extents Grid. Palisades, NY: NASA Socioeconomic Data and 
Applications Center (SEDAC). http://dx.doi.org/10.7927/H4GH9FVG. Accessed 01 Sep 2015. 

25. Balk, D.L., U. Deichmann, G. Yetman, F. Pozzi, S. I. Hay, and A. Nelson. 2006. Determining Global Population Distribution: 
Methods, Applications and Data. Advances in Parasitology 62:119-156. http://dx.doi.org/10.1016/S0065-308X(05)62004-0. 

26. International Energy Agency, Paris, France 
 
 


