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Meeting Needs

A World population of 6.6 billion
growing to ~9 billion. 2 billion
people currently have no access
to modern energy systems

A Improving standard of living in
growing economies of
developing world

A Increasing demand for energy,
food, land, and materials.

Protecting, Restoring, and
Sustaining Global
Biogeochemical Systems

Component Challenges

A Water supply
A Food supply (strongly linked to water supply)
A Energy i with constraints on CO, emissions
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This scenario assumes that fertility in less developed countries will
decline smoothly to the low levels observedi n t ontbiee gevedoped
countries: about 1.8 children per woman.
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Observations

A Energy is an essential component of modern
societies, strongly linked to agriculture and food
production, communicatil ¢

A Energy is a primary way humans interact with
global systems that we count on for countless
services (aitr, water, f

A We humans mostly take both the natural
systems and their services as well as the
availablility of energy supplies completely for
granted

Altods time to do better!




Time (before 2005)
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4 glacial cycles recorded in the Vostok ice core
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Radiative Forcing
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A CO,, N,O, CH,, CHCs,

RF Terms

O,, black carbon soot ; ':
add to energy Long-lived { : o |

. . greenhouse gases : | :
absorption in the \ : H Halocarbons
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There has been controversy over the statistical analysis of
Mann et al., subsequent analyses indicate that the conclusions
were robust to variations in the statistical evaluation. And
other proxy records also show warming in the 20t century.
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A Simulated temperature response
agrees well with observations.
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Predicted Global Average Temperature
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Fossil Fuel Emissions

- Actual vs. IPCC Sd¢
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The oceans have taken
up ~400 Gt of fossil fuel
CO,. Global surface 85 - 750

oceans now remove 20- | . 1 700
25 Mt CO,/day. "1 % .
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Source: Oceanography Vol.17,
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Significant ice thinning and decline in multi-year ice




Sea Level rise
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Figure 1

Change in sea level from 1970 to 2008, relative to the sea level at 1990. The solid lines are based on
observations smoothed to remove the effects of interannual variability {light lines connect data points).
Data in most recent years are obtained via satellite based sensors. The envelope of IPCC projections is
shown for comparison; this includes the broken lines as individual projections and the shading as the

uncertainty around the projections?.

Source: anthesis RegortI Climate ChangeI Cogenhangen 20




(b) the past 1,000 years
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There has been controversy over the statistical analysis of
Mann et al., subsequent analyses indicate that the conclusions
were robust to variations in the statistical evaluation. And
other proxy records also show warming in the 20t century.




Climate change: What do we know? PlE

A CO,, CH,, NO, concentrations have risen quite
significantly during the last 200 years I no debate on this

A Human activities (energy use, clearing forests) are the
largest contributor to this rise T no debate on this, either

A Increasing those gas concentrations causes the
atmosphere to absorb more heat T no doubt about this

A Complicated computer models are used to calculate
guantitatively the future impact of these changes 1 basic
models verified, debate about subgrid mechanisms,
representation of feedbacks i the question is timing of
changes, not whet her €

A It is the future impacts that matter i what has happened
so far is much debated by some, but is less important




A Higher temperatures, particularly in the high Arctic

A Lower ice and snow cover (reduced reflection of
sunlight)

A Shifts in regional rainfall and snowfall patterns (a big
concern for us in California)

A Sea level rise
A Changes in large storm frequency and intensity

A Fundamental changes in population distributions at the
base of the food chain in the ocean

A Significant negative economic impacts accumulating
over time

ABottom | ine: it is time to
energy systems




So how do we do that?

A Look for energy efficiency at every turn i there is plenty
of room for efficiency improvement with technologies we
have today, especially in the US (lots of near-term
opportunities in buildings, lighting, vehicles, etc).

A Work to mitigate and adapt to built-in impacts
A Set a price on GHG emissions

A Engage in a vigorous research effort to lay foundations
and bring down costs for future energy technologies.

A Work on the full spectrum of energy resources, energy
conversions, time scales for application

A Use a portfolio approach: guessing now the winners and
losers in the energy mix and markets 30-50 years in the
future is doomed to failure.
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A

All energy systems start with some primary energy resource and
convert it to some more useful energy service

All energy conversions are less than 100% efficient: well engineered
systems exceed 50% of theoretical max

Examplei | C aut omobi | es: primary r es
(~85%) Y internal combusti on32%)Nngi
Y wa st & whlléeoavheel efficiency14-27%

Systems with fewer conversions can be more efficient

Average Conversion Efficiencies

Nuclear i 30% Coal 1 30-40% Natural Gas i 40-60% Wind 1 50% Solari 15%

Source: US EIA, http://www.eia.doe.gov/cneaf/electricity/epa/epata6.html




== What resources can we use?
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SSam  Exergy flow of planet Earth (TW)
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Exergy is energy that can be converted to another Current Global Exergy Usage
useful form: electricity, mechanical work, or heat. Rate ~ 15 TW (0.5 ZJ per year)




A Stop wasting energy (turn stuff off when not in use!)
A Increase the efficiency of energy conversions

A Switch to primary energy resources that have no or
lower carbon emissions:

I Wind, solar, nuclear, geothermal
I Biomass (with minimal fertilize
I CH, instead of coal (~60% CO, per unit energy in the fuel, and
higher efficiency in the power plant)

A Reduce the number of energy conversions (fuel to heat
to electricity to heat; sunlight to sugars, to ethanol, to
mechanical work in a vehicle) i each conversion has an
efficiency, typically much less than 100%

A Capture some of the CO, and store it somewhere other
than the atmosphere
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PIE Renewable Global Exergy Flows
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