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U.S. Department of Energy 

The mission of the Energy Department is to ensure America’s security and prosperity by addressing its energy, 

environmental and nuclear challenges through transformative science and technology solutions. 
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Basic Energy Sciences 

Understanding, predicting, and ultimately controlling matter and energy flow at 

the electronic, atomic, and molecular levels 

The Scientific Challenges: 

!! Synthesize, atom by atom, new forms of 
matter with tailored properties, including 
nano-scale objects with capabilities rivaling 
those of living things 

!! Direct and control matter and energy flow in 
materials and chemical assemblies over 
multiple length and time scales 

!! Explore materials functionalities and their 
connections to atomic, molecular, and 
electronic structures 

!! Explore basic research to achieve 
transformational discoveries for energy 
technologies 

FY 2012 Highlights: 
!! Science for clean energy 

!!Batteries and Energy Storage Hub 

!! Interface sciences for high efficiency PV & next- 

generation nuclear systems; molecular design for 

carbon capture and sequestration; enabling 

materials sciences for transmission and energy 

efficiency; predictive simulation for combustion 

!! Computational Materials and Chemistry by 
Design and Nanoelectronics research with 
inter-agency coordination. 

!! Enhancements at user facilities: 
!! LCLS expansion (LCLS-II); NSLS-II EXperimental 

Tools (NEXT); APS Upgrade (APS-U); TEAM II 

(aberration-corrected microscope); upgraded 

beamlines and instruments at the major facilities 
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Biological and Environmental Research 

Understanding complex biological, climatic, and environmental systems across 

vast spatial and temporal scales  

The Scientific Challenges: 

!! Understand how genomic information is 
translated with confidence to redesign 

microbes, plants or ecosystems for improved 

carbon storage, contaminant remediation, 

and sustainable biofuel production 

!! Understand the roles of Earth’s 
biogeochemical systems (atmosphere, land, 

oceans, sea ice, subsurface) in determining 

climate so we can predict climate decades or 

centuries into the future, information needed 

to plan for future energy and resource needs. 

FY 2012 Highlights: 

!! Clean energy biodesign on plant and 
microbial systems through development of 
new molecular toolkits for systems and 
synthetic biology research. 

!! Research and new capabilities to develop a 
comprehensive Arctic environmental 
system model needed to predict the 
impacts of rapid climate change. 

!! Continue support for the three DOE 
Bioenergy Research Centers, and 
operations of the Joint Genome Institute, 
the Environmental Molecular Sciences 
Laboratory, and the Atmospheric Radiation 
Measurement Climate Research Facility. 
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Fusion Energy Sciences 

Understanding matter at very high temperatures and densities and building the 

scientific foundations for a fusion energy source  

The Scientific Challenges: 

!! Control a burning plasma state to form 

the basis for fusion energy 

!! Develop materials that can withstand the 

harsh heat and neutron irradiation in 

fusion facilities 

!! Manipulate and control intense transient 

flows of energy and particles 

!! Control the interaction of matter under 

extreme conditions for enabling practical 

inertial fusion energy 

FY 2012 Highlights: 

!! ITER construction is supported  

!! DIII-D, Alcator C-Mod, and NSTX operate 
and investigate predictive science for ITER 

!! HEDLP investments continue in basic 
research on fast ignition, laser-plasma 
interaction, magnetized high energy density 
plasmas, and warm dense matter 

!! International activities are increased 

!! SciDAC expands to include fusion materials 

!! The Fusion Simulation Program pauses to 
assess now-completed planning activities 
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Nuclear Physics 

Discovering, exploring, and understanding all forms of nuclear matter 

The Scientific Challenges: 
Understand: 

!! The existence and properties of nuclear matter 
under extreme conditions, including that which 
existed at the beginning of the universe 

!! The exotic and excited bound states of quarks 
and gluons, including new tests of the 
Standard Model 

!! The ultimate limits of existence of bound 
systems of protons and neutrons 

!! Nuclear processes that power stars and  
supernovae, and synthesize the elements 

!! The nature and fundamental properties of 
neutrinos and neutrons and their role in the 
matter-antimatter asymmetry of the universe 

FY 2012 Highlights: 

!! 12 GeV CEBAF Upgrade to study exotic and 
excited bound systems of quarks and gluons 
and for illuminating the force that binds them 
into protons and neutrons.  

!! Design of the Facility for Rare Isotope Beams 
to study the limits of nuclear existence. 

!! Operation of three nuclear science user  
facilities (RHIC, CEBAF, ATLAS); closure of 
the Holifield Radioactive Ion Beam Facility at 
ORNL. 

!! Research, development, and production of 
stable and radioactive isotopes for science, 
medicine, industry, and national security.  
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High Energy Physics 

Understanding how the universe works at its most fundamental level 

The Scientific Challenges: 

!! Determine the origins of mass in terms of 
the fundamental particles and their 
properties 

!! Exploit the unique properties of neutrinos to 
discover new ways to explain the diversity 
of particles 

!! Discover new principles of nature, such as 
new symmetries, new physical laws, or 
unseen extra dimensions of space-time 

!! Explore the “dark” sector that is 95% of the 
Universe (Dark Matter and Dark Energy) 

!! Invent  better and cheaper accelerator and 
detector technologies to extend the frontiers 
of science and benefit society 

FY 2012 Highlights: 

!! Support for U.S. researchers at the LHC 

!! Research, design, and construction for 
NOvA, LBNE, and Mu2e experiments as 
part of a program of high energy physics at 
the intensity frontier 

!! Research in accelerator technologies 
including superconducting radio frequency 
and plasma wakefield acceleration.    

!! U.S. participation in international 
collaborations pursuing dark matter, dark 
energy and neutrino physics; the Reactor 
Neutrino Experiment in China and the Dark 
Energy Survey in Chile begin operations in 
FY 2012 
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Advanced Scientific Computing Research 

Delivering world leading computational and networking capabilities to extend 

the frontiers of science and technology 

The Scientific Challenges: 

!! Deliver next-generation scientific applications 
using today’s petascale computers. 

!! Discover, develop and deploy tomorrow’s 
exascale computing and networking 
capabilities.  

!! Develop, in partnership with U.S. industry, 
next generation computing hardware and 
tools for science. 

!! Discover new applied mathematics and 
computer science for the ultra-low power, 
multicore-computing  future. 

!! Provide technological innovations for U.S. 
leadership  in Information Technology to 
advance competitiveness. 

FY 2012 Highlights: 

!! Research in uncertainty quantification for 
drawing predictive results from simulation 

!! Co-design centers to deliver next generation 
scientific applications by coupling application 
development with formulation of computer 
hardware architectures and system software.  

!! Investments in U.S. industry to address 
critical challenges in hardware and 
technologies on the path to exascale  

!! Installation of a 10 petaflop low-power IBM 
Blue Gene/Q at the Argonne Leadership 
Computing Facility and a hybrid, multi-core 
prototype computer at the Oak Ridge 
Leadership Computing Facility.  



•! Providing the Facility – High-End 

and Leadership Computing 

•! Investing in the Future - Research 

and Evaluation Prototypes  

•! Linking it all together – Energy 

Sciences Network (ESnet) 
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•! I am not a climate scientist. 

•! I am not an expert in modeling and simulation. 
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•! Visual comparison task vs. human limitations of 

visual memory 

•! Change blindness 

•! Need for integration of information 

•! Unavailability of precise data 

•! Limits of prediction 

•! Cognitive biases 
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•! The whole international system—as constructed 

following WWII—will be revolutionized. Not only 

will new players—Brazil, Russia, India and China 

(the BRICs) — have a seat at the international high 

table, they will bring new stakes and rules of the 

game.  

•! The unprecedented transfer of wealth roughly from 

West to East now under way will continue for the 

foreseeable future.  

•! Unprecedented economic growth, coupled with 1.5 

billion more people, will put pressure on resources

—particularly energy, food, and water—raising the 

specter of scarcities emerging as demand outstrips 

supply.  

•! The potential for conflict will increase owing partly to 
political turbulence in parts of the greater Middle East. 

–! http://www.dni.gov/nic/NIC_2025_project.html 
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•! Changing Patterns of Precipitation 

–! More-frequent flooding 

–! More-frequent and more-severe droughts 

•! Tension over Resources 

–! Water, Food Supplies, Energy, etc. 

•! Impacts on Human Health and Behavior 

•! Sea-Level Rise and Coastal Impacts 

–! Transportation, Industry, Ecosystems, etc. 
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•! The global average 

temperature since 

1900 has risen 1.5 

degrees F. By 2100, it 

is expected to rise 2 to 

11.5 degrees F.  

•! The U.S. average 

temperature has risen 

by a comparable 

amount and is very 

likely to rise more than 

the global average 

over this century. 
•! Global Climate Change 

Impacts in The United States, 

p. 9 
26 



•! xxx 
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•! The World Food Bank estimates that demand 

for food will rise by 50% by 2030, as a result of 

growing world population, rising affluence, 

and the shift to Western dietary preferences 

by a larger middle class.  

•! p. viii 
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•! Conflicts or mass migrations of 

people resulting from food scarcity 

and other resource limits, health 
impacts, or environmental stresses 

in other parts of the world could 

threaten U.S. national security. 

»! Global Climate Change Impacts in 

The United States, p. 11 
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•! Changing Water Runoff 

Timing Intensifies Water 

Management Challenges 

32 



 Population 

moving to 

drought-
prone 

regions of 

the West. 
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•! Lack of access to stable supplies of 

water is reaching critical proportions, 

particularly for agricultural purposes, and 

the problem will worsen because of rapid 

urbanization worldwide and the roughly 

1.2 billion persons to be added over the 

next 20 years. 

•! Today experts consider 21 countries, 

with a combined population of about 600 

million, to be either cropland or 

freshwater scarce. Owing to continued 

population growth, 36 countries, with 

about 1.4 billion people, are projected to 

fall into this category by 2025. 

–! p. viii 

35 IEEE VisWeek LDAV Symposium, October 24, 2011 



•! Types of conflicts we have not seen for 

awhile – such as over resources – could 

reemerge. Perceptions of energy 
scarcity will drive countries to take 

actions to assure their future access to 

energy supplies… 

•! With water becoming more scarce in 

Asia and the Middle East, cooperation to 

manage changing water resources is 

likely to become more difficult within 
and between states. 

•! p. x 
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  Increasing 

area of 

coastal 
cities 

subject to 

flooding 
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•! Critical infrastructure – including oil 

refineries (80% of U.S. refining 

capacity is is at <= 1.5m above sea 
level), nuclear power stations, ports, 

and industrial facilities – is often 

concentrated around coastlines. 

–! Modeling and Simulation at the 

Exascale for Energy and the 

Environment (2007), p.9 
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•! During the last interglacial period (~120 thousand years ago, ka) 

with similar CO2 levels to pre-industrial values and arctic summer 

temperatures warmer than today, sea level was 4-6 m above 

present.  

•! During the last two deglaciations sea level rise averaged 10-20 

millimeters per year with large “meltwater fluxes” exceeding sea 

level rise of 50 millimeters per year lasting several centuries. 

–! USGS Report, Abrupt Climate Change, Chapter 2. Rapid Changes in 

Glaciers and Ice Sheets and their Impacts on Sea Level   

–! http://downloads.climatescience.gov/sap/sap3-4/sap3-4-final-report-ch2.pdf 

– p. 2 
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•! If the entire Greenland Ice Sheet melted, it would raise 

sea level by about 20 feet. 

•! The West Antarctic ice Sheet…contains enough water to 

raise global sea levels by about 16 to 20 feet. 

•! If the East Antarctic Ice Sheet melted entirely, it would 

raise global sea level by about 200 feet. 

•! Complete melting of these ice sheets over this century is 
thought to be virtually impossible, although past climate 

records provide precedent for very significant decreases 

in ice volume, and therefore increases in sea level. 

–! Global Climate Change Impacts  

 in The United States, p. 18 
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•! There is some evidence to suggest that it would be 

virtually impossible to have a rise of sea level 

higher than about 6.5 feet by the end of the century. 

–! Global Climate Change Impacts in The United States, p. 25 
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Goals & Objectives 

•! Identify and review the status, successes, and shortcomings of current data 

(including analysis and visualization) and communication pathways for scientific 

discovery in the basic energy sciences; 

•! Ascertain the knowledge, methods and tools needed to mitigate present and 

projected data and communication shortcomings; 

•! Consider opportunities and challenges related to data and communications with the 

combination of techniques (with different data streams) in single experiments; 

•! Identify research areas in data and communications needed to underpin advances in 

the basic energy sciences in the next ten years; 

•! Create the foundation for information exchanges and collaborations among ASCR 

and BES supported researchers, BES scientific user facilities and ASCR computing 

and networking facilities. 

Co-Chairs 

•! Peter Nugent, NERSC, & J. Michael Simonson, SNS 
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•! You can do science without graphics. But it’s 

very difficult to communicate it in the absence 

of pictures. Indeed, some insights can only be 

made widely comprehensible as images. How 

many people would have heard of fractal 

geometry or the double helix or solar flares or 

synaptic morphology or the cosmic 

microwave background, if they had been 

described solely in words? 

•! To the general public, whose support sustains 

the global research enterprise, these and 

scores of other indispensable concepts exist 

chiefly as images. 
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Thank You! 

Lucy Nowell 

lucy.nowell@science.doe.gov 
http://science.energy.gov/ascr/index.html 
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