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Contexts to 2050 
 

Demographic 
 Growing population  
 “Older” Developed World, “Younger” Developing world 
 Urbanization 
  
Economic 
 Development of MOW  
 Growing demand for resources (energy demand + 50%) 
 Leveling of the playing field (U.S. out-of-wack by factor of 4)  
 Greater regulation, globalization of people, goods, ideas, capital 
  
Energy 

 Fossil fuels are most common (80%), most reliable, cheapest form of energy 
 Once in place, the energy system changes slowly 
  
Environmental 

 Growing environmental impacts (“The only humans who don’t pollute …”) 
 Push to reduce human influences on climate (GHG emissions) 
  
Technology Progress  
 Energy: Abundant, Affordable, Available, Reliable, Clean 
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Contexts to 2050
• Demographic

– Growing population 
– “Older” Developed World, “Younger” Developing World
– Urbanization 

• Economic
– Development of MOW 
– Growing demand for resources (energy demand + 50%)
– Leveling of the playing field (US out-of-wack by factor of 4) 
– Greater regulation, globalization of people, goods, ideas, capital

• Energy
– Fossil fuels are most common (80%), most reliable, cheapest form of energy
– Energy system changes slowly

• Environmental
– Growing environmental impacts (“The only humans who don’t pollute …”)
– Push to reduce human influences on climate (GHG emissions)

• Technology progress 
Energy: Abundant, Affordable, Available, Reliable, Clean



Demography is destiny

Population
Growth Global

Age pyramids

Western Europe

2015

2050



Rapid urbanization+ Big Data

Cities are the loci of consumption, economic activity, 
and innovation
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Energy Use vs. GDP, both per capita (1980-2010)
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Energy demand is rising

OECD

Non-OECD
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Half of the carbon we emit 
stays in the atmosphere for centuries

≈8 ≈7 = 15
Ocean Land Biosphere (net)

Fossil Fuel
Burning

+

30

800
billion tons carbon

billion 
tons go in billion tons added 

every year

= billion tons go out

Ocean Land Biosphere (net)

Fossil Fuel
Burning

+

3000
billion tons CO2

15
billion 

tons go in billion tons added 
every year
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The long CO2 lifetime is highly 
problematic
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Carbon constraints are severe



And we’re not making much progress



Energy
• There is plenty, but GHGs

– The challenges are severe
• It will change slowly
• In a NO fossil-fuel world (NO coal, oil, gas)

– Efficiency in transport, stationary
– Decarbonize electricity 

• wind/solar (intermittency, cost)
• Nuclear (waste, scale)
• CCS (cost, integrity)

– Decarbonize transport (electrify LDVs vehicles, biofuels/hydrogen for HDVs)  
– What to do about space and process heat? 
– Nuclear waste storage, seismic hazard assessment, U/Th resources
– Weather correlations for wind/solar
– Geothermal (deep, resource, drilling, …)
– New resource businesses (rare earths, but earth abundant requirement)
– Severe cutback in geosciences research, demand for students
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FOUNDATIONAL TECHNOLOGIES TO 
WATCH



Molecular/materials design

https://newscenter.berkeley.edu/2012/02/09/breakthrough-in-designing-cheaper-more-efficient-catalysts-for-fuel-cells/



Additive manufacturing

http://www.laserfocusworld.com/articles/print/volume-50/issue-08/features/lasers-for-3d-printing-additive-manufacturing-with-nir-lasers-forms-micro-sized-parts.html



BIO technologies
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Sequencing costs have come down



Biomolecular structure/function



E. coli
metabolic 
network

http://aem.asm.org/content/75/18/5831/F2.expansion.html



We can do amazing things with plants

http://www.pnas.org/content/104/39/15270/F3.expansion.html

Stress tolerance/resistance by overexpression of HRD in Arabidopsis.  (A) Drought-resistance tests of Arabidopsis WT and the hrd-D mutant 
line, treated for 9–12 days without water. The first row is at 9 days of dehydration (DOD), followed by plants treated for 11 and 12 DOD 
that were subsequently watered to reveal surviving plants. (B) Mutant hrd-D and WT Arabidopsis treated at 300 mM NaCl concentrations, 
showing bleached/dead plants and surviving hrd-D plants.



INFO technologies
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Top 500 computer systems



Multi-scale Theory and Computation – “Battery Computer Simulator”
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Energy technologies
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Fission

• Existing
– LWR life extension (materials)
– Waste management (science + politics; Yucca)

• New
– $7 gas constraint
– Small modular reactors
– Advanced designs (thorium,

HTGR, travelling wave, …) all
questionable



Inertial Confinement Fusion - NIF

Tokomak - ITER Fusion Energy Concepts



LDV electrification is incipient

Fleet penetration of plug-ins
• <1% now
• <10% by 2030
• ~50% by 2050

+ autonomy + connectivity



THANK YOU
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