Lawrence Livermore National Laboratory

We are in the process of organizing a new project called: Energy, Climate, and Global Security: Creating Resilience for a Non-Linear World.  This project is going to look at the “triangle” of climate, security and economics with respect to energy.  We will examine the way shocks to any one of the vertices of the triangle would affect the other vertices.  For example, what would happen if the Straits of Hormuz were shut off – how would this affect our ability to respond to climate?  Or suppose that we have a number of very serious climate related disasters, would this make us more dependent on oil and make our security position more difficult? Etc.  As well we will look at pathways to a future energy system, probably concentrating on electricity, fuel and transportation and look at how creating a reduced carbon energy system may become non-linear through endogenous or exogenous factors.  For example, an endogenous issue is that every proposal for a component of changing the energy system requires massive scale- up.  Are these likely to have major non-linearities associated with them?  For example, scaling up nuclear will require steel, concrete, welders etc.  All in short supply in the US.  Could this increase the cost of a nuclear power plant from $3B to more like $5B?  Similarly, bio-fuels compete for land-use and scaling up could make this critical.  An example exogenous issue is water (see figure below). Energy use causes climate change which increases water stress.  The need for more fresh water creates more demand for energy – this is a self reinforcing cycle that could become non-linear.  As well we will consider how factors currently “off the table” might affect the process.  These might include life-style changes, ending economic growth, world government for example.
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We have a strong interest is moving beyond global climate models to regional climate studies in order to support planning and response to climate change. Current global climate models are resolved on the scale of 100s of km which is too large to be able to see how weather patterns will change in regions of interest.  Each time we increase the resolution by a factor of 2, it increases the computation required by a factor of about 8.  To resolve how farmers or water supply systems will experience climate change, we need to move to climate models that are resolved on the scale of just a few kilometers. This will require the biggest computers in the world – which we have. As well, on the regional scale, land-use issues such as irrigation (which causes day-time cooling) or aerosols (which affect rain fall) affect the local weather.  We need to include more science in the models to account for these issues that affect regional, but not global climate.   LLNL is currently discussion projects related to the next National Intelligence Assessment.  Our role will be to create regional climate analyses that will be used to assess the probability of instability.  As well, we are discussing how to use California as a pilot regional climate study site for the nation and perhaps beyond. 
Finally, on the energy front, of the various technologies we are pursuing, I would like to bring your attention to two:  Carbon sequestration and underground coal gasification.  The first is considered by many to be a sine qua non technology for controlling climate.  The second could be a major factor in expanding the climate-friendly use of coal.  UCG pumps water and air into deep coal seams and ignites the coal.  The process produces gas, hydrogen and CO2 which can be separated out at the surface and refined, burned and sequestered respectively.   Our role stems from the strong Earth sciences background we developed to contain underground weapons tests and understand and control complex physical and chemical processes underground.   We are interested in helping to make these technologies available.  In the case of carbon sequestration, large scale implementations awaits large-scale (1mT/yr) injection pilots in saline aquifers.  We hope to be part of several of these pilots.  We are working as well with India on a pilot UCG project.    
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