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Global Total Primary Energy Requirement

« Baker Institute CES forecast of TPER by fuel, 1992-2040
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Global Oil Demand

Baker Institute CES forecast of petroleum demand by country, 1992-2040

- Demand will continue to grow, driven largely by very populous developing
economies such as China and India.
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Rice University’s Baker Institute

Global Coal Demand

« Baker Institute CES forecast of coal demand by country, 1992-2040

- Infrastructure in China has been developed around coal... will China switch
away, or upgrade environmental controls?
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Global Natural Gas Demand

« Baker Institute CES forecast of natural gas demand by country, 1992-2040
- Similar patterns as with oil... demand driven by Asia
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U.S. Natural Gas Demand, 2010-2040

« Natural gas demand is expected to grow by 1.7% p.a. from 2010-2030,
largely driven by power generation and industrial demands.

- Driven by policy, power generation demand grows at 2.9% p.a.
- Industrial demand grows at 1.6% p.a., largely from 2010 to 2020.
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LNG Imports by Country, 2011-2040

 Diversity in the LNG import picture, with China surpassing Japan in the
mid 2020s, and India emerging in the 2030s.
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Source: Baker Institute RWGTM February 2014,. The RWGTM was developed by Kenneth Medlock and Peter Hartley of Rice University
and utilizes the Deloitte MarketPoint software platform to execute. 11
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LNG Exports by Country, 2011-2040

Qatar and Australia account for over 40% of global LNG exports, and the US
enters in 2016 which helps drive price decline in Asia.
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Global Marker Prices, 2011-2040

« The prices indicated are spot prices; contract prices may be different, but
short term trade will continue to expand.

« Global prices remain above the US price, but trade closes the spread.
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Source: Baker Institute RWGTM February 2014,. The RWGTM was developed by Kenneth Medlock and Peter Hartley of Rice

University and utilizes the Deloitte MarketPoint software platform to execute.
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Abstract:

Vehicles powered by electricity or other non-oil-based
energy sources will eventually become a mainstay of
the American garage. As the market adjusts and early
adopters experiment with new vehicles, each energy
source, be it electricity, fuel cells, biofuels, natural gas,
or something else, may come to temporarily dominate
a market niche. But in the end, economies of scale
suggest that one technology will win out for a long
time. And so the battle for the automobile now Looks
much Llike it did at the beginning of the twentieth
century.
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Public Infrastructure Spending as Share of GDP
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Miles of Road in US
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Number of People Living in Counties with Air Quality Concentrations Above the

One or more NAAQS

Ozone (8-hour)

PM2.5 (annual and/or 24-hour)

PM10 (24-hour)

SO2 (1-hour)

Lead (3-month)

CO (8-hour)

NO2 (annual and/or 1-hour)

Level of the NAAQS in 2013
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Source: EPA
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Forecasting




Jevons prediction vs. actual
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Things that are
unsustainable do not




Comparison of Historical Oil Prices and
Delphi Forecasts
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Energy is Required to
Move Mass

Load Characteriztics
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—nergy use in United States (Millions of barrels per
day
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Energy Intensity (kWh/Passenger-km
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Steam, Electric, Gasoline

® |n early years of automobile product (1890s, 1900s) Steam, Electric, and Gasoline
power were competing.

® FElectrics were backed by significant figures like Thomas Edison, as well as many
entrepreneurs. Gasoline engines were backed by future significant individuals like
Henry Ford (who had worked at Detroit Edison), and many other entrepreneurs.
By 1913, Henry Ford was loaning money to Edison to develop EV.

® Clearly Electric won.Why!?

® Electrics had shorter range and lower speed. Could add more batteries, but each
additional battery added weight, which reduced the efficiency of other batteries.

® |909 advent of self-starter in gasoline cars. Note self-starter was electrically
(battery) powered. Gasoline-powered vehicles become huge market for batteries.

® This can be thought of as a type of I\'ndo-symbiosis, like the chloroplasts in
plants or mitochondria in animals become organelles in cells.
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Cost of Solar

The Swanson effect
Price of crystalline silicon

photovoltaic cells,

1977 price $76.67/watt
$/watt
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Solar 4

Figure 2.8 Weighted Average System Prices, Q1 2012-Q1 2014
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SOLAR PV GLOBAL CAPACITY, 1995-2012
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Solar 2

U.S. PV Market Growth Through 1H 2013
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Battery Pricing

Lithium lon Battery Pricing by Cell Type: 2009-2020

$2,000
$1,800
$1,600
$1,400
$1,200
$1,000

$800

$600

$400

$- 2009 | 2010 | 2011 | 2012 | 2013 2014 2015 2016 | 2017 | 2018 | 2019 | 2020 \
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Batteries are getting
better

Theoretical energy density

795 Wh/kg

Practical energy density

High temperature battery
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http://www.theengineer.co.uk/energy-and-environment/news/breathing-lithium-air-battery-has-higher-energy-density-than-li-ion/1018213.article
https://en.wikipedia.org/wiki/Lithium%E2%80%93air_battery

Car Sharing Can Break
Range Anxiety

e Get car you need when you need it.
Most trips well below EV range NOW.

e Li-Air as supplement to Li-lon



— Hybrid EV
— Battery EV
— Plug-in EV and Extended Range EV
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US EV New Car Market Share: Logistic
Growth Curve




InNnovation

e ~I0x improvement on some relevant
dimension to justify switching energy
platform
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Methanol

e Methanol from drilling etc. doesn’t fully
address CO?2.

e Biofuels are expensive

e Petroleum is abundant and infrastructure
exists

e Electricity/batteries are getting steadily
better

e Cars are getting more efficient

e Iravel demand in US is dropping



Burning Questions
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future wit
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Oil's Impact
on California

California Emissions 3/4 of California’s emissions (including CO,,
toxic pollutants, ozone forming emissions and
N ol more) come from petroleum

Sources

26%

California CO2 Emissions

~_ Coal

2%

Natural
Gas

33%

Nearly two-thirds of California’s CO,
emissions come from petroleum

Source: International Energy Agency



Oll'is also 6x
more expensive

U.S. Energy Consumption (in 2011 dollars)

800

600

400

200 l
0

2010 2020 2035

$in Billions

m Total Petroleum Products = Dry Natural Gas Coal = Nuclear Renewable

Source: International Energy Agency
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Popular solutions include:
* Increased efficiency
* Public transportation
Taxation
Electrification
Alternative fuels
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54.5 Fuel
Economy Standard

http://www.whitehouse.gov/sites/default/files/fuel_economy_report pdf

Obama Fuel Economy Standards

miles per gallon equivalent
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Wil Taxation do
It?

Oll Prices
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Source: EIA and USDA



Wil Taxation do
It?

QOll Prices vs Oil Consumption
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Wil Taxation do
It?

QOll Prices vs Oil Consumption and Food Stamps
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So how do
we solve this?

Popular solutions include:
* Increased efficiency
Public transportation
* Taxation
 Electrification

» Alternative fuels







What about
Electrification?

Electric cars as a portion of the U.S. vehicle fleet
(Assuming optimistic 33% annual compounding growth rate)
100%

No more than 4%-5% of the
total fleet will be electricin a
decade

50%

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Source: Source: EIA Annual Energy Outlook 2014



So how do
we solve this?

Popular solutions include:
* Increased efficiency
* Public transportation
* Taxation
 Electrification

« Alternative fuels




Fuel
Replacement

« Can we make replacement fuels that are
better than oll for the environment?

» (Can these fuels compete with oll In
the marketplace?

* How long will it take them to make a
real iImpact?



The key Is
fuels that work with
your existing car



Alcohol fuels are high
octane, liquid fuels
used today for racing
cars and...

Can work on
YOUR car
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Natural Gas”? doesn't
that mean Fracking?

* Fracking is no longer
only a gas thing

* 90% of all new OIL
wells use fracking



Choosing to do
nothing Is

choosing ol

and choosing oll Is
choosing

fracking



Natural gas is a
byproduct of oll fracking
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Alcohol Fuels:
Environmental Advantages

* Dissolve in water, biodegradable
* Reduce smog
* Replace toxic aromatics in gasoline

* High octane means even higher efficiency engines

e Fewer GHG emissions

* Many possibilities for renewable sources



Alcohol Fuels:
Engine Advantages

35
30
25
20
15
Gasoline Alcohol Fuels
® [ ightening the engine Very high compression
On board reformation & Increased compression ratio
u EGR/exhaust valve timing Spark timing
Intrinsic methanol properties B Average Fuel Economy (US Vehicles)

Source:: MIT and EPA



Alcohol Fuels:
GHG Advantages

Assuming 30% of fuel is made from renewable, waste or
methane by-product sources.

60%
40%
20%
0%
Intrinsic property Increasing Utilizing new and
of alcohol fuels Engine Efficiency existing technologies

B Renewable source B Technology
Source: Argonne MIT and Fuel Freedom Study



So how come driving
on E85 Is so lousy?
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We achieved a 20% increased
fuel economy after optimizing
for both alcohol and gasoline

Stock engine optimization sucks,
because It is only optimized
for gasoline



Getting there Is
easler than you think
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So what about the
economy of this
transition?



The Spread

* Inthe last 3 years we consumed about $400 billion
In gasoline a year

 All of that could be replaced with $80 billion of
natural gas

» Converted to alcohol (methanol) with 50% efficiency
say, $160 billion

e Thatis a $240 billion arbitrage opportunity!



COMING SOON
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Session 2:
Forecasts of natural gas demand
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