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Climate Change:  R & D for 2031-40 Deployment 

 
 We will run into problems1 when renewables produce more than 60% to 80% of total electric power, 
depending on the region, because renewable energy is intermittent.  We will need additional power when 
“the wind is not blowing and the sun is not shining”, or in general when the demand exceeds the 
instantaneous power produced.  This means we will need sources that can ramp up to produce the needed 
power.  There are only 3 leading contenders for this, and these are: 
 a) gas-powered plants coupled with carbon capture and sequestration, where the CO2 produced is 
     captured and then injected deep underground in areas where it will be absorbed before escaping,  
 b) new nuclear power plants, including new designs of small modular reactors which can run on    
     fuels such as thorium, producing less waste and lower radioactivity, and  
 c) massive electric storage systems which can store enough power to completely supply an area for 
     several days. 
 
A national electric grid, capable of carrying electric energy to every state, will significantly reduce the 
demands on renewable energy and storage.   
 
 For (a), we have plenty of natural gas-powered generator plants; the problems lie in capturing and 
storing the carbon.  This is a primary concern and research target of the fossil fuel industries2, since the 
process might enable them to keep operating longer.  The problem is that such plants continue to bring 
carbon from the deep earth into our biosphere; they cannot capture all the CO2, and estimates of the 
efficiency of the capture process vary widely3.  These might help to reduce CO2 emissions over the next 2 
decades, but they are unlikely to ever bring us to net zero emissions. 
 
 For (b), we require a new generation of nuclear power plants with major changes.  They must be able 
to ramp up and down (which current nuclear plants cannot do), and must eliminate the danger of the kind of 
critical failure experienced at Fukushima.  These are both features of some new Small Modular Reactors4, 
and also new reactors which use fuel elements of Thorium5, Natrium6, or other elements which do not have a 
critical mass, which produce radioactive wastes that are less dangerous, and have shorter half-lives, than 
those of uranium.  Several of these have been approved for construction this decade.  New nuclear reactors 
may be essential for regions, in the U.S. and elsewhere, that do not have sufficient renewable energy sources. 
 
 For (c), there have been amazing developments over the last 2 decades in lithium-ion batteries, and 
that is what has enabled the production of affordable electric cars7.  Large-scale battery storage capacity is 
already expanding rapidly8.9, and research is continuing to increase the lifetimes, to decrease the costs, and to 
produce lighter batteries of different materials10.  There are also a number of other systems for massive long-
term storage systems, now under development11, using compressed air in underground caverns, molten salts, 
etc. 
 
 There is active research and development in all 3 of these areas: carbon capture, nuclear energy, and 
storage systems.  It is essential for this research to continue, and for prototype systems to be tested and 
deployed, over the next couple of decades.  The most cost-effective solution for decarbonization in any 
region will probably involve a combination of 2 or 3 of these, depending on the energy requirements and 
potential resources in that region.  The construction of a new national electric grid will greatly reduce the 
requirements for any of these systems, since it will allow the areas with most renewable resources to provide 
electricity to areas that have fewer renewable options.  This will also reduce the price of electricity by vastly 
expanding the marketing area for any renewable power station. 
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 It has been argued12 that the conversion to clean energy could destabilize the grid.  It seems obvious 
that existing fossil fuel plants will only be shut down after renewables are running, and only after lengthy 
studies have been made to establish continuity and reliability of power.  If this requires massive storage 
systems or extensions of the electric grid, we will have to keep some natural gas plants operating or in 
reserve until these systems are established.  This requires some degree of standard planning and monitoring, 
but is no reason to delay. 
 
 Also, we must remember that the goal is to decarbonize the entire planet, not just the U.S.  Many 
regions around the world have neither the renewable energy resources nor the technical and industrial 
resources that the U.S. has.  We need to do the R&D and provide the technical assistance that may be needed 
to export these products and methods over many parts of the world, and we will certainly have help and 
collaboration from other countries with advanced industries and research programs.  This work is likely to be 
the greatest and defining challenge of the 21st century.  
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