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Energy Consumption and Economic Prosperity
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Without fundamental, almost unimaginable societal changes, economic

prosperity will remain tied to energy consumption for the foreseeable future



World Energy Demand Forecasts
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Even with
conservation
measures, energy

usage will grow by
50 — 100% over the
next 25 years




World Energy Use by Fuel Type 1980 - 2030
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e The growth
gradient and the
absolute magnitude
of the fossil fuel
curves far exceed
the growth of
renewables

» Fossil fuels will
dominate energy
feedstocks for

many, many years
to come




World Coal Consumption Forecast
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Coal utilization grows
more rapidly than other
energy feedstocks
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Global Energy Resources and Energy Usage
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« Energy production and
consumption per se do not
contribute meaningfully to climate
change; by-products (GHG's) do

* Therefore, increased energy
usage is not axiomatically
problematic, and not contrary to
responsible usage and sustainability

* Indeed, energy helps solve many
global social and environmental
challenges (desalination, CO2
sequestration, food production, etc)




But what about the CO2 Emissions?
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Atmospheric CO2 Levels -- Yes, it's “Ours”

» Size matches what we have
burned

* |sotope ratios show the CO2
comes from fossil fuel

* CO2 & Temp. linked by
observation & simple physics



And it Will get Worse in a Hurry if We don’t Take Action
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So How do We Curb the Carbon?

By replacing fossil fuels with renewables

Yes, but it will take 250+ years for a full transition, and by then
the planet will probably be a “basket case” if this is all we do

By accelerating the introduction of energy
efficiency, energy conservation and demand

side management technologies

Yes, but such measures will only lower the gradient of the
demand curve. They will not reduce today’s levels of fossil fuel
consumption or CO2 emissions

By “triaging” the adverse environmental impacts of
fossil fuel usage

Like it or not, there is no short term alternative to fossil fuel
usage without severe economic reversals, so there is no

practical alternative for the next 250 +/- years

We must do all three activities in parallel



Our Energy Future and Energy Conundrums

The world will require and consume much more energy in the

future, and because of availability and scale of use |, fossil fuels will
remain the key feedstocks for many years

BUT

Fossil fuel production and usage do contribute to cli mate
change

Sufficient energy resources for global needs for several
hundred years, perhaps indefinitely

BUT

Conventional extraction and usage technologies have

serious
environmental consequences

No single supply solution; every energy source will be needed.

How and what will Renewables contribute?



The Future Energy Economy and Transition

The Far Future
An energy economy will evolve based on renewables (  and nuclear

fission/fusion?) as the predominant sources, but it will take 250+ years to
complete

Convergence and integration in the energy industry will likely occur,
giving rise to an “electric economy” and/or possibly a “hydrogen
economy”

The Near Term and Transition

National and international restrictions on GHG emis sions will be adopted
soon and become increasingly stringent, to the poin t that GHG emissions

will eventually only be permitted for exceptional i tems

Energy consumption will increase substantially desp ite the growth of
strong efficiency and conservation measures

Fossil fuels will continue as  the major sources of world energy supplies

for at least 100 years, but will use CCS; they will remain significant
sources

With accelerated effort, renewables will only repre  sent 20% of energy
supplies by 2050

This fundamental transition in energy sources will bring about the most

significant changes in commerce, infrastructure, th e economy and
lifestyles since the Industrial Revolution



Scale of Energy Use and Transition Timeframes

The scale of global oil usage -- 1000 Barrels per Second!!
Total global energy usage is equivalent to ~ 3000 Barrels per Second

Conversion Equivalence (Wind Power)

1 Million Barrels oil/day = 70GW capacity operating 100%
For wind power at 30% = ~210GW
= 3x the world’s installed capacity
= 20,000 sg. km. (1/4 the size of Scotland)
= 15 years of world turbine production
Product is electricity vs. liquid fuel (electric airplanes?)

Total global energy usage derived solely from wind power would require:
~ 750x the world’s current installed capacity
~ half the total land area of the US completely covered with turbines
~ 3750 years of turbine production at today’s manufacturing capacity

II'/




Implications for Renewables

Rapid acceleration of renewable energy supply is essential but
iInsufficient

Priorities will be Reduce, Mitigate , and Replace

Output form of energy from renewables supply should be compatible
with existing distribution channels

Integration of renewable energy outputs into other energy “systems”
e.g. wind and hydro vs. wind and coal-fired

Biodiesel, ethanol and other carbon-based fuels will be helpful
Interim feedstocks, but will eventually be replaced

Renewables will “compete” with fossil fuels for many stationary
applications where CCS can be applied

Transportation fuels will be a critical area for solutions development
because effective CCS will not be practical for land or air transport



Implications for Renewables

Electricity and/or hydrogen (my bet’s on electricity with a possible
hydrogen subset) will emerge as the dominant integrative form of
energy distribution and use (e.g. push/pull plug-in vehicles)

Renewables which can reliably produce electricity at competitive
costs will capture significant market share (wind, ocean, geothermal
with cogen, “waste” gasification with CCS and cogen ??7?)

Efficient, large-scale energy storage is a critical collateral requirement
for an effective “electricity economy” (pumped storage, compressed
air, advanced batteries, capacitors, ?7?)

Technology is important, but is, by no means, the only hurdle we face
In implementing transformative change in energy supply and usage

Regulation, codes, standards, financial instruments, insurance/liability
coverage and public education are all essential to the widespread
commercial use of clean energy technologies

Serious involvement by the capital markets in renewable energy and
climate change issues is signaling that these areas are becoming
“mainstream”



The Competitive Environment for Renewables

Clean coal

Other clean fossil fuels (large reserves of oil sands, shales)
CO2 capture and storage

Next generation nuclear

“Clean” electricity generation (hydro, clean fuels, etc)
Energy efficiency

Energy conservation

DMS

Other renewables (e.g. wind vs. ocean)

Commercial decisions will be made on an economic ba SIS



Conclusions

Energy consumption will continue to grow, but this can be
rationalized with environmental stewardship

Three parallel activities are necessary — Mitigate , Reduce and
Replace

Renewables, part of the Replace activity, will have an increasingly
important role to play as we transition to a new type of energy
economy

There are other options to renewables
Economics will determine the winners and losers
Transition will take many, many decades

There will be major changes in many aspects of commerce and
lifestyle

Technological and commercial deployment challenges will create
huge business opportunities



Thank You!



