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“ASU is a leader in the global movement to 

address the enduring challenges of sustainability: 

promoting human prosperity and well being for 

all, while protecting and enhancing the earth’s life 

support systems. By extending the academic 

tradition to include all ASU units and working with 

external partners, we educate, discover solutions 

and implement practices that will help people 

drive the transition to a sustainable world.”

Vision for 
Sustainability @ ASU
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LightWorks Vision

ASU LightWorks envisions a resilient and 

equitable energy future supported by 

innovations in technology, policy, law and 

markets. We pursue breakthroughs not just 

to power the world, but to empower it; to 

enrich people’s lives everywhere; to enlighten 

communities across the globe; to achieve 

energy security; to secure energy justice and 
to inspire future generations. 
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LightWorks Mission

ASU LightWorks revolutionizes how energy is 

conceptualized, produced and used. We 

support the discovery and design of energy 

systems that convert sunlight into useful and 

sustainable products. We encourage 

research, development, and education that 

critically engage the social, historical and 

cultural dimensions of evolving energy 

systems as well as the ecological contexts in 
which they operate



Exploring the human experience 

as an undivided whole

Universal, intergenerational

human well-being
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Energy in Transition



System Stresses

 New technology 

 New business models

 New players

 Investor risk

 Scale of demand

 Climate change



“The world’s energy system is at a crossroads.  
Current global trends in energy supply and 
consumption are patently unsustainable  --
environmentally, economically or socially.”

IEA World Energy Outlook 2008

A Global Challenge



System Stresses

 Nearly 1.2 billion people did not have access to 

electricity in 2014.

 More than 2.7 billion rely on the traditional use of 

biomass for cooking.

 Demand increases by one-third from 2013 to 2040

 Emerging economies account for more than 90% 

of demand growth

 Investment totals $68 trillion from 2015 to 2040

IEA World Energy Outlook 2013/2015



Minimum Requirements

 Transition trajectory is continuous 

without gaps

 Poorest countries and poorest people 

within countries can’t bear the brunt of 

costs

 Trajectory favors low carbon routes



Emissions Gap
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Role of Hydrocarbons
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The liquid hydrocarbon advantage

• Energy Density
• Infrastructure 

compatible
• Fueling Rate, 
• Airplanes, 
• Heavy Vehicles, etc.

When you fuel a car with 
gasoline >7 MW rate of 
energy transfer

For now and for 
mobility fuels, liquid 
hydrocarbons are 
the “Gold Standard”

Fuel

Energy per 

Unit Mass

Energy per 

Unit Volume

Gasoline 1 1

JP-5 0.97 1.1

Methanol 0.44 0.51

Ethanol 0.61 0.69

Liquid H2 (-253°C) 2.6 0.27

Metal Hydride 0.046 0.36

Methane @ 3000 psi 1.1 0.29

H2 gas @ 3000 psi 2.6 0.06

Liquid Propane @ 125 psi 1 0.86

Methane @ 10000 psi 1.1 0.97

H2 gas @ 10000 psi 2.6 0.2

Lithium Ion Battery 0.019 0.035

Maybe we don’t want to “throw the baby out 
with the bath water?”
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The value proposition and a ready market

Power

Industry

TransportationGlobal

• Low carbon alternatives, can fit into the existing value chain 
within the petroleum and natural gas ecosystem –potential to 
impact >1B vehicles on the road today.

• In the U.S. ~55% of energy services are not electricity
– 27% is transportation and 22% industry 

• > 6 TW of energy flow in petroleum globally

• Solar (hydrocarbon) fuels have many advantages – in any case 
it won’t be “winner take all”  -- diversity of solutions is a good 
thing

• Electric vehicle competition or complement

– limited range, slow charging, but definite benefits

– Perhaps plug-in with on-board chemical fuels and smaller 
battery

• Bioenergy competition or complement

– hard to imagine feeding and fueling the world on 
photosynthesis alone – design principle stay alive & reproduce



Conventional Oil



Global Shale Resources



Market Trends

Saudi leaders have worried for years that climate 

change and high crude prices will boost energy 

efficiency, encourage renewables, and accelerate a 

switch to alternative fuels such as natural gas, 

especially in the emerging markets that they count on 

for growth.
Saudi Arabia's Plan to Extend the Age of Oil. 

Bloomberg August 2016

“Demand will peak way ahead of supply,”

Ali al-Naimi, Saudi Arabian Petroleum Minister. Quoted in

Saudi Arabia's Plan to Extend the Age of Oil. 

Bloomberg August 2016



Market Trends

“What they (Saudi Arabia) did was historic.”  “They 

said: ‘We resign. We quit. We’re no longer going to be 

the manager of the market. Let the market manage 

the market.’ “

Daniel Yergin in Saudi Arabia's Plan to Extend the Age of Oil. 

Bloomberg August 2016



“No more than one-third of proven reserves of 
fossil fuel can be consumed prior to 2050 if the 
world is to achieve the 2°C goal, unless carbon 
capture and storage (CCS) is widely deployed.”

“Our estimate of fossil fuel investments left 
stranded in the 450 Scenario is around $300 
billion, although lack of clarity over policy could 
increase this risk.”

IEA World Energy Investment Outlook 

Stranded Assets



“Rising greenhouse-gas emissions pose significant risks 

to society and ecosystems. Since most of these 

emissions are energy-related, any integrated approach 

to meeting the world’s growing energy needs over the 

coming decades must incorporate strategies to address 

the risk of climate change.”

“Keeping in mind the central importance of energy to 

economies of the world, ExxonMobil believes that it is 

prudent to develop and implement strategies that 

address the risks to society associated with increasing 

GHG emissions.”

ExxonMobil Website

From the Risk Side



Recent Oil Prices
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Historical Oil Prices



Unconventional Oil



Fiscal Cliff

Current Oil Price



Uncertainties

 Electric Vehicles

 Self – Driving Cars

 Advanced Biofuels

 Batteries

 Solar Fuels

 Policy



Summary

“Expect the next decades of 

energy to be characterized by 

confusion, chaos and lots of 

progress.”

Chales Bayless
Serial Utility CEO Retired.
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Questions?


