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Mariner 10 Image of Venus © Copyright Calvin J. Hamilton
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Parameter
COrbital Distance (km)
Diameter (km)
Mass (kg)
Density (kgm™)
1 Day
1 Year

Atmaosphers

Escape Velocity {kr"s'lj
AP
Surface Gravity (ms <)

Aoacial Tilk (=)
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Venus Earth

108 200 000 149 00 000
12 103.6

4.869 x 1024

Walter Myers

5.24 5.52
243 Earth days 23h 56m
224.7 Earth days 365.25 days

96% CO2 7% N
3% N 21% O

10.36 11.18

8.87 9.81

177.36 23.5
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‘COSMIC TIMELINE |

FROM THE DARK AGES...

After the emission of the cosmic microwave background radiation (about 400,000 years after the
big bang), the universe grew increasingly cold and dark. But cosmic structure gradually evolved N YEARS
from the density fluctuations left over from the big bang. 1210 14 BILLI0

L0 MILLION YEA®S

4 MILLION YE

EMISSION OF
COSMIC BACKGROUND ;
RADIATION DARK AGES

FIRST STARS

... T0 THE RENAISSANCE TR 5
The appearance of the first stars and protogalaxies PROTOGALAXY

(perhaps as early as 100 million years after the big bang) set off MERGERS :
a chain of events that transformed the universe. MODERN GALAXIES
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Extinction ol dinosaurs ~65 MYTr.
Early civilization ~0.005 MYr.

Emergence of man~3 MYr.
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valaxy center to have heavy 1sotopic masses
galaxy center to have low energetic radiation 1
n in life sustaining region

supports life forms

yves threatening radiation, 1onizing flux and 0z
adiation, x-ray, UV)

s and protects against dust, particles, and mete

y1dity protects against high energy ionized part

ibutes heat energy — water vapor latent heat
gy to polar regions




hat have studied the problem agree that unacceptable
will have occurred by the time CO, reaches 450 ppm

unt for 80% of the world’s energy use
rature increase is measured during the past 50 years

years on record occurred since 1980)

the Kyoto Protocol
ission to 7% below 1990 level)

of carbon emission with 5% of population
l input is ~ 7x10° tons per year and at present rate of

be 14 billion tons per year by 2056
commercial buildings account for > 60% of electric us
els add as much or more CO, as a gasoline car

fuels add as much CO, and may do more ecological

of fertilizers
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NORTHERN HEMISPHERE
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from the 1961 to 1990 average

Data from thermometers (red) and from tree rings,
corals, ice cores and historical records (blue).
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he Greenhouse Effect

Some solar radiation ¢ :
. : Some of the infrared
b : s E‘Eﬂfﬁt'&ddbfﬁ','ﬂ"'e radiation passes through
SUN e G AL the atmosphere, and some

atmosphere. is absorbed and re-ernitted

in all directions by

. 4 greenhouse gas

4 F modecules. The effect of

i this is to warm the Earth's

L ¥ i surface and the lower
L ) atmosphers,

Solar radiation %
passes through % :

the clear
atrmosphere
Mostradiation is

i»lb.\'l'__xl'hed b}r the Earth's l:.:' ;% =N .-.::.-‘ &

ATMOSPHER

EARTH - '\

s e Y e Infrared raciation is%
r 4 “weeritted from the
% s Eanth'ssurfaces

CO, keeps the atmosphere warms Earth enough to sustain life
CO, sustains the plants through photosynthesis

635% of the primary energy i1s lost in the process of conversion to the
energy we use

85% of the primary energy comes from carbon emitting fossil fuel
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MAUNA LOA DBSERVATORY, HAWAI
MOHTHLY AVERAGE CARBON DIOXIDE CONCENTRATION
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Summer 1971-2000 Winter 1971-2000

Tanu-N @

Temperature
(degrees Celsius per decade]

GREENLAND

NASA-U

RATE AT WHICH Arctic air temperatures have been warming is shown for the past
three decades. Warming has been greater in winter. Greens and blues indicate cooling;

e, yellows and reds, warming. The scale bar runs from —1 to +1 degree Celsius per decade.

TOTAL ARCTIC SEA ICE
1.0

@ Crawford Point 0.5

0.0

-0.51

@ Study site -1.0
MELTING on the Greenland ice sheet set a record ]
o during the summer of 2002. The brown color shows -15 T e e e e e et i
where the ice sheet (light-colored area) underwent 1978 19682 1986 1990 1994 1998 2002
melt during the summer. The green indicates ice-free areas. Year
Near the Dye-2 site, summer melting, usually confined to the STRIKING REDUCTIONS in the extent of Arctic seaice
edges of the ice sheet, extended all the way to the summit. have been recorded since 1978.

Area (millions of square kilometers)
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Anomaly (°C)

Satellites
m— SUrface

Anomaly (*C)

Agung _}' Satellites El Chichon Pinatubo
—— Balloons
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The global mean radiative forcing of the climate system
for the year 2000, relative to 1750

Halocarbons
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Comparison between modeled and observations of temperature rise
since the year 1860

Temperature anomalies in °C Temperature anomalies in °C
1.0 4 10 10
(a) Natural forcing enly

(b) Anthropogenic forcing only
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SYR - FIGURE 2-4

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE




R Historic

ammw Delay action until 2056

e Begin action now
Stabilization triangle
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rate to hold global population below 8 billion people in 20
emissions of methane (CH,)
deforestation
d use of synfuels with capture and storage of CO,
e number of nuclear power plants by factor of five to disple
coal power plants
city use in building by half through use of super-efficient

appliances

se of electricity more efficiently

fficiency of automobiles
transportation (other than automobile)

] store the carbon emissions from the present coal power p
store carbon from large natural gas power plants

oal power plants (1000 MW) emit one wedge (a few thousa

re presently expected to be built — natural gas plants burn |




wedges to arrive at a solution.
without choking economic growth.

ity use in homes and buildings by half
estering (capture and storage)

wuclear POWET (but hostage to the world’s least well-run

Iternative sources (solar cells, wind, waves)




ONE PLAN FORTHE U.S.

Savings from:
B8 Electricity end-use efficiency
Other end-use efficiency

3.0

- BB Passenger vehicle efficiency
B8 other transport efficiency
M Renewables
- B8 carbon capture and storage
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4 U.S. share of emissions reductions could, in this Natural Resources Defense Council
scenario, be achieved by efficiency gains, renewable energy and clean coal.




RICH WORLD, POOR WORLD

To keep global emissions constant, both developed nations [defined here as members of the Organization for Economic Cooperation and
Development, or 0ECD) and developing nations will need ta cut their emissions relative to what they would have been (arrows in graphs
below). The projections shown represent only one path the world could take; others are also plausible.

Shareof CO;
emissions in 2002

To hold global emissions flat, the ...to let non-0ECD nations emit more
OECD must emit less than today ... as they develop economically

T P

QECD

@ Current trend g : ¢ 2 B North America and Mexico
g @ Consant global S Saiiii - ; B Europe
- em:s:‘gqsma R % ,,J,_,} B £astAsia and Oceania

NON-0ECD
- South/Southeast Asia
B Africa
i EastAsia
~ Former Soviet Bloc
B WestAsia
B Central America and South America

Carbon Emissions (billion tons a year)




ore efficient and safer refrigerants

freezers — one-fourth power, reduced 40G
ind 2001

more efficient
nd building practice improvements

replace incadecent - 40% less power and

ation efficiency (cars and aircraft)




CO, CH, N,O CFC-11 HFC-23 CF,
(Carbon (Methane) (Nitrous (Chlorofluoro (Hydrofluoro  (Perfluoro-
Dioxide) Oxide) -carbon-11) -carbon-23) methane)
Pre-industrial concentration  about 280 ppm  about 700 ppb  about 270 ppb  zero ZET0 40 ppt
Concentration in 1998 365 ppm 1745 ppb 314 ppb 268 ppt 14 ppt 80 ppt
Rate of concentration 1.5 ppm/yr? 7.0 ppbfyr? (.8 ppb/yr —1.4 ppt/yr (.55 ppt/yr I ppt/yr
change?
Atmospheric lifetime 5 to 200 yr® 12 yr¢ 114 yr @ 45 yr 260 yr >50.000 yr

(b} CO, emissions (Gt C)
30 5

20 >—é
20

2000 50 2100
(c) CHy emissions (Tg CHy)
1000 4

.

P

2000 2050 2100
(e) S0z emissions (Tg S)

(1) CO, concentration (ppm)

1500

2000 2050 2100
{h) N, concentration (ppb) ->

500 4

400 |

S| |
2000 2080 2100

{i} Sulfate serosol (Tg S)
1.2




Past and future CO, atmospheric concentrations
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Ice core data l P“*Tbm
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Variations of the Earth’s surface temperature: years 1000 to 2100

Departures in temperature in *C (from the 1990 value)

Observatons, Norhem Hemisphe®, proxy data

1500 1700




The global climate of the 21st century

(a) CO; emissions (b) CO7 concentrations
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VEHICLETECHNOLOGY
Turbocharged gasoline engine
Low-emissions diesel
Gasoline hybrid

Hydrogen fuel-cell hybrid

* More than one third af new vehicle production

transportation
movement
el

Total

) average 60 mpg for cars within 50 years

agon is testing a two-person prototype
640 lbs

1 liter per 100 km (240 mpg)
IMPLEMENTATION PHASE

Market Penetration across Major fleet
competitive vehicle new vehicle production penetration!

Syears 10 years 10 years
Syears 15 years 10-15years
Syears 20 years 10-15years

15 years 25 years 20 years

tMare than one third of mileage driven

Total time
forimpact

20 years
30years
35years

55 years




) $27 per ton of CO,
ost for capture and storage corresponds to adding:
f o1l

on of gasoline

ar with 30 mpg fuel efficiency that is driven 10,000
ts ~ 1 ton of carbon

y carrier rather than an energy source
y carrier (improved batteries are needed for transpo




HOW POWER PLANT EMISSIONS STACK UP

Coal (steam)

Coal [integrated gasification
combined cycle)

Coal [advanced integrated
gasification combined cycle]

Natural gas
[combined cycle)

Fission

: Emission limits needed
Fusion to keep atmospheric

carbon dioxide at safe levels
Renewables

0.0 0.1 0.2 0.3
Carbon Emissions (kilograms per kilowatt-hour)

Feed-ln Law

100,000 Roshop
Program

1,000 Rooftop
( Program

‘90 ‘91 '92 '93 ‘94 95 ‘96 ‘97 '98 '99 '00 01 02 '03 :
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yurces will require CCS (Carbon Capture and Storage

about 30% for cog 3

10U1Ad DC 1C2UlalCd NOW

Yearly Installed MWp

Solar Power System Installations (x1000)




SUPERCABLES

SuperCables could transport energy in both electrical and chemical form.
Electricity would travel nearly resistance-free through pipes (red] made of

a superconducting material. Chilled hydrogen flowing as a liquid (blue) inside the
conductors would keep their temperature near absolute zero. A SuperCable with
two conduits, each about a meter in diameter, could simultaneously transmit five
gigawatts of electricity and 10 gigawatts of thermal power (table).

High-valtage
insulation

Thermal
insulation

Superconductor

Hydrogen

BCcircuit

91 meters

Liguid hydrogen

f

|

Wind Generators

100 meters

282 meters




Hydrogen

Fusion

e Proton

-~y Gamma ray @ Neutron

————— v Neutrino (. Positron

Binding energy per nuclear particle (10-13))

Z-Machine - Sandia .

0 40 80 120 160
Mass number




Table TS-1: The SRES scenarios and their implications for atmospheric composition, climate, and sea level. Values of population,
GDE and per capita income ratio (a measure of regional equity) are those applied in integrated assessment models used to estimate
emissions (based on Tables 3-2 and 3-9).

Ground- Global Global
Global Global Per Capita Level O, Cco, Temperature Sea-Level
Population GDP Income Concentration Concentration Change Rise
Date (billions)a (1012 USS yr-1)b Ratios (ppm)d (ppm)e (°C)t (cm)s
1990 5.3 21 16.1 — 354 0 0
2000 6.1-6.2 25-28 12.3-14.2 40 367 0.2 2
2050 8.4-11.3 59-187 24-8.2 ~60 463-623 0.8-2.6 5-32
7.0-15.1 197-550 1.4-6.3 =70 478-1099 1.4-5.8 9-88

Projections of GDP losses and marginal cost in Annex Il countries in the year 2010
from global models

(a) GDP losses I e
;ujaﬂmofcnﬂlm in the year 2010 umﬁw’!’%l’;m :
Global average GDP reduction in the year 2050 = o A {ii
Percentage reduction relative to baseline e f1se o
7 H o il Auseaia -/
' . | -
7 AlB B | |
14 | | i
35 124 .-\."':'. 1E0
| 114 { 1] |
304 104 il il
08| o HOE s
254 fal |oss fpross -
lose =pmase H
20+ LER = o Hom 097 48
15 024 i loas (]
i . (Canada, Australia, United States OECD countries Japan =
1.0 and New Zealand of Europe
0.5 A (b) Marginal cost
1990 US$ per 1C
a- 70
= 1|68
Eventual CQ, stabilization Ievel (ppm) g
i e I e
wi | I ;
| 5 | H
- 126 ‘ 135 135 128
b | e i 41
Il *.ﬂ 5 %w %.ﬁ %w
i“ " e " "
Canada, Australia, United States OECD countries Japan

and New Zealand of Europe
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A commitment will be
required for mankind

to keep this planet as a
home for our children!

You have an individual
responsibility to keep
this planet clean and
habitable — it 1s your
home!

We all have a collective
responsibility to conserve
natural resources and
protect the environment!

Man’s quest should be to
explore the universe and
inhabit other worlds!
Become a citizen of the
universe!
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