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To Avoid Dangerous Impacts from
Climate Change, Natiodgjreed In
Copenhagen, 2009, at tHe™
Conference of the Parties to the Unite
Nations Framework Convention on
Climate Change (UNFCCC)

To limitglobal warming to
2 degrees Celsius above
pre-industrial
temperatures




Scilentists Assert

That toMeet the Copenhagen
Target

CQ
Must Not Exceed
450 parts per million (ppm)
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CQ mean?

Meaning of Parts Per Million (PPM) CO,

_ Weightof CO,in Atmosphere
“% " Weightof theAtmosphere

PPM times1million

PPM

o, = = 2 DOLALB8 IIMeE TonsCO, ;449 gog = 387partspermillion
5,662,573199,470,00 Metric* TonsAtmosphere

In Words: The concentration of € the atmosphere equals 387
parts of CQ per 1 million parts of atmosphere, or just say 38]
parts per million.

N

Scientists make actual measurements using-dmpersive infrared gas
analyzers (NDIR) which compares the infrared absorption pattern of an|air
sample to a known reference sample@®™

* Metric Ton= 1,000 kilograms=2,200 pounds

** See Atmospheric Carbon Dioxide Record from Mauna IMethods, at the Carbon Dioxide Information Analysis Center

L.


http://cdiac.ornl.gov/trends/co2/sio-mlo.html

Full Mauna Loa CaPPM record

Atmospheric CO, at Mauna Loa Observatory
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measurements of CO2 in the atmosphere. They were started by C. David Keeling of the Scripps Institution of Oceanognagiof in Ma
1958 at a facility of the National Oceanic and Atmospheric Administration (Keeling, 1976). NOAA started its own CO2 nmsiBureme
May of 1974, and they have run in parallel with those made by Scripps sinceTthenirig 1989). The black curve represents the
seasonally corrected data Trends in Carbon Dioxide, Earth System Research Laboratory, NOAA, Mauna Loa, Hawaii



http://www.esrl.noaa.gov/gmd/ccgg/trends

Recent Mauna Loa GO

December 2012: 391.80 ppm
December 2011: 389.68 ppm

A Year over Year INCREASE: 2.12 ppm, or
0.54%

A At Current year over year growth rate £O
will Exceed 450 ppm in 27 years

A At growth rates projected through 2035 by
the U.S. Energy Information Administration,

CQ ppm will exceed 450 ppm In as little as
22 years.



The Forecast

CQ PPMcouldexceed 450 ppm in as little as
22 years

Curnrentandoprojected Global CBmissionsithru 2035
A CO,ppmin2012 391.8 ppm

A 2010 omMmdo OAfTEAZ2ZY YSUNRO
A Projected 2035: n o ®H oAt tAZY YSUONRO
A 2010 thru 2035: dbp pdPm O0Af € A2Y YSUNR

A CO, ppm in 2035: 453.94 ppm

*Assumes the carbon sinks absorb 50%, aach7.5 billion metric tons C&ppm
increaseequalsone ppm increase.

Every reduction of 28.5 billion tons 63 emissions over the 25 year EIA projection
horizon delays surpassing 450 ppm by one year.

SOURCE: International Energy Outlook 2001S. Energy Information Administration (EIS8ummary
Reference Case Tables (26P@35) Table A10World Carbon Dioxide Emissions by Region



http://www.eia.gov/forecasts/ieo/ieo_tables.cfm
http://www.eia.gov/forecasts/ieo/ieo_tables.cfm

Global Temperatures will exceec
the Copenhagen Target

& ¢ KPEC has called for a reduction in emissions to limit the increase in global
temperatures by 2 degrees Celsius (3.6 degrees Fahrenheit). Although leaders at
Copenhagen and Cancun used the same number to determine their mitigation
pledges, the current growth in emissions, absent significant action on climate
change, will cause an average rise in global temperatures of 5 degrees Celsius (9
degrees Fahrenheit), according to the most recent analysis produced by the Climate
Interactive Scoreboad €

---(The Global Climate Change Regime Issue Brief t dzo f A a KSNJ / 2 dzy O
Relations, Release Date Last Updated: July 5, 2012ThmKslobal Climate Change
Regime Council on Foreign Relatians

The Climate Interactive Scoreboard reports the outcomes of climate modeling software developed by scientists at WHiitearad
{eaidsSvyad ¢KS Y2RSt A& dzaSR o0& L}RftAOe& LY I yySNhEEBRMMDSCnGte | yR
Scoreboard hereScoreboard

9(



http://www.cfr.org/climate-change/global-climate-change-regime/p21831
http://www.cfr.org/climate-change/global-climate-change-regime/p21831
http://www.cfr.org/climate-change/global-climate-change-regime/p21831
http://www.cfr.org/climate-change/global-climate-change-regime/p21831
http://www.cfr.org/climate-change/global-climate-change-regime/p21831
http://climateinteractive.org/simulations/C-ROADS
http://climateinteractive.org/simulations/C-ROADS
http://climateinteractive.org/simulations/C-ROADS
http://climateinteractive.org/scoreboard

Conclusion:

. The world will not meet the goal of limiting global
warming to 2 degrees centigrade.

. A5 degreeentigrade risen temperatures is more
likely.

. Such an outcome could produce catastrophic
effects to human systems.

. Severe Instabilities in the International World Order
could result



Known Unknowns In the foreca$

A CQ Absorption rate of the Carbon Cycle

A Efficiencies in energy production

A Rate of development of Carbon Free Technology

A Relative cost of Carbon Free and Carbon Based
Energy Sources

A Geoengineering developments

A Carbon Fuel Reserves



Threats to the COAbsorption Rate

A Melting Permafrost could release up to 1.6 trillion tons
of CQ equivalents in addition to the 1 trillion tons
released by Fossil Fuels

A Plant uptake of C{rould degrade as climate change
Induced stresses increase.

A Ocean Acidification slows coral absorption of,G(e
to reduced concentration of carbonate ions.

A Ocean warming could also decrease the abundance o
phytoplankton, which grow better in cool, nutrieinich
waters limitingthe2 OSF yQa | oA f A (&

the atmosphere.

A Source: NASA Earth Observatory Effects of changing the Carbon Cycle
A http://earthobservatory.nasa.gov/Features/CarbonCycle/page5.php



http://earthobservatory.nasa.gov/Features/CarbonCycle/page5.php
http://earthobservatory.nasa.gov/Features/CarbonCycle/page5.php
http://earthobservatory.nasa.gov/Features/CarbonCycle/page5.php

Our Ongoing Confused National
Response To Climate Chang

G/ tAYLFGS
t 20SYOQAL €
¢ National
Intelligence Council
AY aDft 20l
HNOoONnNE A3
December, 2012

a/ ftAYLFOGS |/

2 real, urgent and severe

Rl Yy ZPieFdent
Obama, 2010 National
SecurityStrategy




Confused Thinking Hobbles Policy Making

National Security Mindset* Sustainable Development
Mindset**

Growing .
World Growing
Population World
Population

Climate Rapid
Change Urbanizatio

Climate

Global Change
Insecurity

Global

Insecurity

*Viewpoint expressedia Df 26 f ¢ NBYRA Hnony FF 2AS6LIAY(H SEIMMNMBAESR AY
PfOSNY I GA@GS 22NI Raé= | Lzt AOlI GA2Y | Change and Development Strategy, 2042 Mmd ¢ <
National Intelligence Council, Issued December, January 2012 United States Agency for

2012. International Development




Sustainable Development is the Key to
Coordinated Policy Making

A Without sustainable development global
Insecurity will grow perhaps destroying the
International order

A Sustainable development is not possible without
stopping climate change

A Climate change will not stop unless fossil fuels
are eliminated

A Developing Carbon free energy is the only way to
eliminate fossil fuel use



2 Kl 1 Qa . SK
Forecast?




Projected Emissions Growth By
Developing and Developed Countrie

S

Global CO2 Emissions

2006201020132020202520302035
M OECD m Non OECDu ALL

Source: EIAAnnual Energy Outlook 20Hhd U.S. Energy Information Administration / International Energy Outlook 2010 Tabl
A10.World carbon dioxide emissions by region, Reference case;22033b



http://www.eia.doe.gov/oiaf/aeo/emission.html
http://www.eia.doe.gov/oiaf/aeo/emission.html
http://www.eia.doe.gov/oiaf/aeo/emission.html
http://www.eia.doe.gov/oiaf/aeo/emission.html
http://www.eia.doe.gov/oiaf/ieo/pdf/ieorefcase.pdf
http://www.eia.doe.gov/oiaf/ieo/pdf/ieorefcase.pdf
http://www.eia.doe.gov/oiaf/ieo/pdf/ieorefcase.pdf
http://www.eia.doe.gov/oiaf/ieo/pdf/ieorefcase.pdf

Carbon Based Energy Sources will
Continueto Grow

EIA Projections of Global Demand For Energy
Energy Source 2010 2035 _ Growth
(Quadrillion BTU) Units % CAGR*

Carbon Based 439.3 609.0 169.7 38.6% 1.32%
Carbon Free 82.8 160.7 77.9 94.1% 2.69%
Total 522.1 769.7 247.6 47.4% 1.56%
As a Proportion of Total Demand

Carbon Based 84.1% 79.1%

Carbon Free 15.9% 20.9%

Total 100.0% 100.0%

1 293,071 190 million 26 million tons of
Quad BTU Gigawatts Barrels of Oil Coal

SourceEIA Energy Model Analy&i812
* CompoundAnnual Growth Rate



//KEN-PC/Ken/Documents/Trading/Economic Data/Global Warming Data/Climate Change Facts Table2.xlsx
//KEN-PC/Ken/Documents/Trading/Economic Data/Global Warming Data/Climate Change Facts Table2.xlsx
//KEN-PC/Ken/Documents/Trading/Economic Data/Global Warming Data/Climate Change Facts Table2.xlsx

Conclusion

In addition to what is already planned

A Just to stop the growtrof CQ Emissions by
2035, the Global Economy must replace 170
jdzZ- RNAEfEA2Y . ¢! Qa 2F [/ |
generating capacity with Carbon Free Energy
Generating Capacity.

A To eliminate CQemissionsaltogether
NBELX I OS cnd ljdzZt RNAEf AZ2Y
Based energy generating capacity with
Carbon Free Energy Generating Capacity.



Global Electricity Demand

EIA Projections of Global Demand For Electricity

Energy Source 2010_ 2035
(gigaw atts)
Carbon Based 3,227 4,255
Carbon Free 1,680 3,016
Total 4,907 7,271
As a Proportion of Total Demand
Carbon Based 65.8% 58.5%
Carbon Free 34.2% 41.5%
Total 100.0% 100.0%
1 1,000
Gigawatt Megawatts

Growth

Units % CAGR

1,028 31.9% 1.11%

1,336 79.5% 2.37%
2,364 48.2% 1.59%

Total World Installed Generating Capacity
20102035
4,500
4,000
3,500
2 3,000
S 2500 -
-g” 2,000 1 B Carbon Based
1,500
1,000 - B Carbon Free
500 -
’ 2010 2035
Carbon Based 3,227 4,255
Carbon Free 1,680 3,016
1,000,000 1,000,000,000
Kilowatts Watts

SourceEIA Energy Model Analysis 2012



//KEN-PC/Ken/Documents/Trading/Economic Data/Global Warming Data/Climate Change Facts Table2.xlsx
//KEN-PC/Ken/Documents/Trading/Economic Data/Global Warming Data/Climate Change Facts Table2.xlsx

Replacing Carbon Based 2010 US Electricity
Demand with Carbon Free

Coal
336
Gigawatts

US Electricity 1,000

Generating Natural Gas

Capacity Gigawatts 449

Gigawatts

Nuclear,
Other
215
Gigawatts

RoughEquivalents of Scale

185 785 940,000
Gigawatts of Nuclear Wind
CQ emitting Power Towers*
Generators Plants

785 Gigawatts
of CQ
emitting
Generators

6,500Square
Miles of
SolarPV**

*Two megawatt towers at 40% operating efficiency

efficiency

**Cells at 15% conversion efficiency times 40% operating efficiency times 55% packing




Princeton Carbon Mitigation Initiative

G¢z2 3ISGH 2y GNIFO1 G2 G2ARAY3I RNYYIFGA
avoid emitting about 200 billion tons of carbon, or eight 25 billion ton

wedges, over the next 50 years. This is the heart of the Carbon Mitigation
Initiative's (CMI) Stabilization Wedges concept, a simple framework for
understanding both the carbon emissions cuts needed to avoid dramatic

Of AYIF(S OKFy3aIS YR (KS G2z22fa IfNBIFRES
See: CarboMitigation Initiative: Stabilization Wedges

Example of a CMI Plan for the Reduction of CO2 Emissions
Source Use Wedges Units

Wind Towers Electricity 1 1,000,000 2 mega watt Wind Towers

Wind Towers Electricity Autos 1 1,000,000 2 mega watt Wind Towers

Concentrated Solar Towers Electricity 3 10,000 500 Megawatt Solar Towers

Efficiency in Buildings Fossil Fuel Heating 3 Millions of heating units

Solar Photovotaic Electricity 1 2,000 gigawatts of utility scale solar farm

Nuclear Power Electricity 1 350 Nuclear Power Plants of 1 Gigawatt B
End all cutting of tropical rain forest, plan

Forests Carbon Absorption 2 3.5 million square miles of trees

Total Potential Reduction 12

Source: Climate Progress



http://cmi.princeton.edu/wedges
http://cmi.princeton.edu/wedges

Global Oil Demand

The Global Oil Situation in 2011

Export Reserve Years of
COUNTRY (sorte Barrels perday % of Barrels per  (Import (Billions Reserves at
by consumption) Consumed total day Producec Barrels Pel Current Rates
Day Barrels) of Consumptior
United States 1 18,949,430 22.0% 10,127,893 (8,821,537) 21 3.0
China 2 8,924,000 10.8% 4,288,685 (4,635,315) 16 4.9
Japan 3 4,464,060 5.1% 134,957 (4,329,103) 0 0.0
India 4 3,426,000 3.6% 936,754 (2,489,246) 6 4.5
Russia 5 2,725,000 3.5% 10,228,516 7,503,516 60 60.3
Saudi Arabia 6 2,986,000 3.0% 11,153,020 8,167,020 267 244.7
Brazil 7 2,793,000 29% 2,686,776 (106,224) 13 12.4
Germany 8 2,400,137 2.9% 141,000 (2,259,137) 0 0.3

Korea, South 9 2,230,167 2.6% 59,789 (2,170,378) - -
Canada 10 2,292,726 2.6% 3,599,967 1,307,241 178 212.8
Mexico 11 2,132,721 2.5% 2,959,472 826,751 11 135
France 12 1,791,504 2.1% 94,578 (1,696,926) 0 0.2
Iran 13 2,028,000 2.1% 4,234,121 2,206,121 136 183.9
United Kingdom 14 1,607,882 1.9% 73,655 (1,534,228) 3 5.8
Italy 15 1,453,614 1.7% 161,300 (1,292,314) 0 0.8
Spain 16 1,383,669 1.7% 37,382 (1,346,286) 0 0.3
Indonesia 17 1,119,000 1.6% 994,688 (124,312) 4 9.8

Singapore 18 896,000 1.2% 10,908  (885,092) - -
Netherlands 19 1,009,816 1.2% 44,630  (965,186) 0 0.3
Taiwan 20 929,000 1.1% 26,677  (902,323) 0 0.0

All Other 21,879,274° 25.0% 35,089,537 627

Total World 87,421,000 - 87,084,306 1,342 42.0

Source: Energy Information Administration, Internatio

Energy Statistics, Total Petroleum Consumption 2010




Policy Action:
Mitigation




Global Greenhouse Gas Emissions by Gas

F-gases 1%

Nitrous
Oxide
8%

Methane
14%

Carbon Dioxide

Carbon Dioxide (fossil fuel use)

(deforestation, decay of 57%
biomass, etc.)

17%

Carbon
Dioxide (other)
3%

Source: IPCC 2007 based on data from 2004CQ equivalents




Global Greenhouse Gas Emissions by Source

Waste and
wastewater 3%

Forest
I?%'Y Energy supply
26%

Agriculture

14% Transport
13%

Industry
19%

Residential &
Commercial buildings
8%

Source: IPCC 2007 based on data from 2004CQ equivalents |







