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(Great ocean conveyor belt

Potential impact of sea bevel rise: Nile Delta

Population 3 800 000
Cropland (Kmd): 1 800

OCEANS:
Mass: 1.4 x 102" kg
Area: 3.6 x 108 km?

Average depth: ~4km

How much i
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Potential impact of sea-level rise on Bangladesh

Today
Total population: 112 Millian
Total tand area: 134,000 km?

1.5 m - Impact
Total population affected: 17 Million (15%)
Total land area affected: 22,000 km” (16%)
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OCEANS:
Mass: 1.4 x 10%' kg
Area: 3.6 x 108 km?

Average depth: ~4 km

What tempe

Relative sea level over the last 300 years
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Indicatie probabidties of excesding various increasss in global mean
temperature (relative to the pre-industrial level)
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Are we YES Not YES YES
Warming % All % dangerous? 6
up? Natural?,
lNo llNo ‘l'No
HOAX HOAX HOAX

Are we YES Not YES YES
Warming % All % dangerous?
up? Natural?
lNO lNO NO
HOAX HOAX HOAX
Are we YES Not YES YES Now
Warming % All % dangerous? % What?
up? Natural?
lNo lNo lNo
HOAX HOAX HOAX

Covalent Bond Energy

» Covalent bond energy is measured by the energy
required to break the bond.

» The bond enthalpy, A(X-Y) is the average AH for
breaking one mole of X-Y bonds in the gas phase:

S - s A(C-0) = AH
¢-Q- 7 -G +-Q = 358 kJ

* When one mole of X-Y bonds is formed, the enthalpy
change is — AH(X-Y).

Bond Enthalpies and Bond Lengths

As bond order increases, the bond enthalpy increases and
the bond length decreases.

A(C-C) = 348 kJ 0.154 nm

A(C=C) = 614 kJ 0.134 nm

A(C=C) = 839 kJ 0.120 nm

A(C-O) = 358 kJ 0.143 nm ,
A(C=0) = 799 kJ 0.123 nm AN |

A(C=0)=1072kJ  0.113 nm




Bond Enthalpies and AH,,,,

Consider the reaction of H, and O, to form H,O:

H-H + H-H + 0=0

- H-0-H + H-0-H

AH for breaking bonds = 2 A(H-H) + A(O=0)
AH for forming bonds = 4x- A(O-H)

AH., = 2 A(H-H) + A(O=0) - 4 A(O-H)

AH =X A(bonds broken) - 3. A(bonds formed)

Bond Enthalpies and AH,,,,

Estimate AH for the combustion of CH,:

)
H-C-H + 2 =0
H — §=C=0 +2 H-0-H

AH =4 A(C-H) + 2 A(0=0)
-2 A(C=0) - 4 A(O-H)
= [ 4(413) + 2(495) - 2(799) - 4(463) ] kJ
= -808 kJ
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Comparing fuels

* Natural gas:

CH, + 20,— CO, + 2 H,0
AH=-808 kJ/mol

« Coal:

C+0,—CO,

- Oil:

CyoHaz + 30140, — 20CO, + 21 H,0

Comparing fuels

* Natural gas:
CH, +20,— CO,+ 2 H,0
AH=-808 kJ/mol

* Coal:
C+0,— CO,
AH=-393.5 kJ/mol

. o_||
CyoHgp + 30%20, — 20CO, + 21 H,0

Comparing fuels

« Natural gas:

CH, + 20, CO,+ 2 H,0
AH=-808 kJ/mol

* Coal:

C+0,—CO,
AH=-393.5 kJ/mol

oo_il:

CyoHs, + 30720, — 20CO, + 21 H,0
AH=-13315 kJ/mol
AH=-666 kJ/mol.CO,




Comparing fuels

Production of 1 GigaJoule of energy releases:
* Natural gas:

(10° J + 808,000 J/mol ) x 0.044 kg/mol =

54.5 kg CO,
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Comparing fuels

Production of 1 GigaJoule of energy releases:

« Natural gas:
(10° J = 808,000 J/mol ) x 0.044 kg/mol =
54.5 kg CO,

¢ Coal:

« Oil:

Comparing fuels

Production of 1 GigaJoule of energy releases:
» Natural gas:
(10° J + 808,000 J/mol ) x 0.044 kg/mol =
54.5 kg CO,
+ Coal:
112 kg CO,
- Oil:
66 kg CO,

Production of 1 GigaJoule of energy
« Natural gas:

545 kg CO,
+ Coal:

112 kg CO,

Oil:

66 kg CO,
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ATP energy

‘ Repulsion weakens these bonds ‘
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Kyoto Protocol participation map
{commitment period: 2013-2020)
[l Parties; Annex | & Il countries with binding targets
B Parties: Developing countries without binding targets®
States not Party to the Protocol
[ signatory country with no intention to ratify the treaty, with no binging
targets!’]
[Ml Countries that have rencunced the Protocel, with no binding targets™?!

[l Parties with e binding targets in the second periad, whith previously had
targets™!"

iUnited States (non-party)

Eurcpaan Uricn (party, binding targets)

Incia (party. nd binding targets)

Russia (party, binding targets 2008-2012)

IRGoness (paty, NG binging targets

Beazil (party, no binding targets)
0oxn Japan {party, no binding targets)
Conga (DR) (party, no binging targess)
(Canada (former party, binding targets 2008-2012)
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October 12, 1999: 6 billion!
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Now doubling every 61 years
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Figure 2. Energy Consumption Has a Strong Link with National Income.
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Pamentage of the population with access in 2000
3-33% 33 - 85% < B8%

Figure 1. Many People in Developing Countries Lack Electricity.
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3500 — Selected
1000 kilowatt-hours of electricity is equivalent w00 Electricity Use by US State W:r‘n‘:::‘

to the average amount of electricity
consumed per month by:

1973 Qil Embargo . B
* Kentucky

== | Indiana

* 1 resident of the United States.
+ 2.3 residents of Europe.
* 7.6 residents of Mexico.
* 7.4 residents of South America.
» 12.35 residents of the Far East
» 26.3 residents of Africa.

Texas

Average

“ | utah

= | Massachusetts
California

- - (%] (3]
[4.] [=1 ©o (=] o
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S S o © o

Republican / Democrat
(Based of 2000 Presidential Election)

0
1960 1970 1980 1990 2000

Electricity Consumption (W / person)

1000 kilowatt-hours of electricity is equivalent 1000 kilowatt-hours of electricity production
to the energy stored in each of the emits the following pollutants:
following:
Kg Ping pong balls
» 574 fast-food meals .
. . CO, 782.5 14960000
» 34 pieces of firewood.
SO, 1.9 35900
» 28.5 gallons of gasoline.
NOy 16 30530
» 274pounds of coal.
» 34 therms of natural gas . _ _
+ lead-acid battery weighing 61110 And require 422 gallons of cooling
pounds. water
Oil consumption per capita Major oil trade movements
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U.S. Primary Energy Consumption by Source and Sector, 2005
(Quadillien Biu)
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~ 2 TerraWatts = 2 x 10'2 Watts (2000 million K)

Per Year: 2 x 10'2 x (60x60x24x365) =
~ 60 x 108 Joules = 60 ExaJoules
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World Energy Consumption
600 T
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=3
] * Nuclear
> 400
5 _ & Hydro-Elect
o
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_g Qil
‘g 200 !
w & Coal
160 & Biofuels

18201840 1860 1880 1900 1920 1940 1960 1980 2000

m Biomass 10%
Hydropower 3.4%
hot ing 1.5%

= Biofuel 0.6%
= Wind Tk power tion 0.7%

Total World Energy
Consumption by
Source (2009)

= Fossil fuels 81%
= Renewables 16%
® Nuclear 2.8%

Limiting the global
temperature rise at 2%,
considered as a high risk level
by the Stockholm Environmental
Institute, demands 75%
decline in carbon emissions
in the industrial countries by
2050
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Net Generation by Type by Regien, 2004
(Percent of Regional Tot

wortn Amenca Centrai ano Souln Amenca

Miccie a5t ana Amca

stz ana Dotz

Net

Net Generation by Type. 1980, 1990, and 2004
Per

0o O issc [ 1330 N 200¢

Tiilion Kiowatthours

Fasss Fuels Hydroelectric Power  Nusiear Elestric Otner
Powser

Top Met Generating Countries, 2004

Triion Kilowathaurs

United China  Japan Russia  naia  Canada Germany France
States.

World energy consumption

In 2009, world energy consumption decreased for the first time in 30 years (-
1.1%) or 130 Mtoe (Megaton oil equivalent), as a result of the financial and
economic crisis (GDP drop by 0.6% in 2009).

This evolution is the result of two contrasting trends. Energy consumption
growth remained vigorous in several developing countries, specifically in Asia
(+4%). Conversely, in OECD, consumption was severely cut by 4.7% in 2009
and was thus almost down to its 2000 levels.

In North America, Europe and CIS, consumptions shrank by 4.5%, 5% and
8.5% respectively due to the slowdown in economic activity. China became
the world's largest energy consumer (18% of the total) since its consumption
surged by 8% during 2009 (from 4% in 2008).

Oil remained the largest energy source (33%) despite the fact that its share
has been decreasing over time. Coal posted a growing role in the world's
energy consumption: in 2009, it accounted for 27% of the total.

In 2008, total worldwide energy consumption was 474 exajoules
(474x10'8 J=132,000 TWh). This is equivalent to an average annual power
consumption rate of 15 terawatts (1.504x10' W)

The potential for renewable energy is:
*solar energy 1600 EJ
«wind power 600 EJ
~geothermal energy 500 EJ
*biomass 250 EJ
<hydropower 50 EJ
*ocean energy 1 EJ

More than half of the energy has been consumed in the last two decades
since the industrial revolution, despite advances in efficiency and
sustainability.

According to IEA world statistics in four years (2004-2008) the world
population increased 5%,

annual CO, emissions increased 10% and gross energy production
increased 10%.

Most energy is used in the country of origin, since it is cheaper to transport
final products than raw materials.

In 2008 the share export of the total energy production by fuel was:
+0il 50%
*gas 25%
+hard coal 14%
«electricity 1%
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The term solar constant is the amount of incoming solar electromagnetic
radiation per unit area, measured on the outer surface of Earth's atmosphere,
in a plane perpendicular to the rays. The solar constant includes all types of
solar radiation, not just visible light.

It is measured by satellite to be roughly 1366 watts per square meter, though it
fluctuates by about 6.9% during a year—from 1412 W m2in early January to
1321 W m=2in early July, due to the Earth's varying distance from the sun.

For the whole Earth, with a cross section of 127,400,000 km?, the total energy
rate is 174 petawatts (1.740x10'7 W), plus or minus 3.5%.

This value is the total rate of solar energy received by the planet; about half,
89 PW, reaches the Earth's surface.

Per hour: 3600 x 89 x 105 =3 x 1020 J

Earth electricity use per year 70 EJ =7 x 10" J
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Total surface area of earth ~ 5.1 x 10" m?

Land ~ 25% ~ 1.3 x 10" m2~ 13 Gha

(1 hm=102m; 1 ha=1hm2=10*m?

Need a fraction of 1 hr/ | year = 1/(24x365) = ~ 104

This is ~ 5 x101° m2 = 50,000 km?
Or~ 200 x200 km

NB: India: 3.3 x 108 km?

PHOTOVOLTAIC CELL

A location that can accept an electron
— Free electron
& Proton
& Tightly-held electron

TR

PP OSP_PS® @S| nlayer

PO OPOS@P o-oo-| p-layer
psttiee

Step 2

- =
[Eb.-- POSPOP@®BPS| "laver

P-n junction

oo PSSP S @ plaver
g s

Step 3 sun
positive tharge
EC-T LX) n-layer

-n junction

e
PO DO P S PO ® prlayer

sun
Step 4 _free electron

Sunlight
6CO, + 6H,0 — C,H O, + 502
B chlorophyll

(glucose)

= 7
T
£ = 11880 4 simol
A[nm]
A=675nm

— E=176 kJ/mol

NB: Reduction of CO, requires 480 kJ/mol
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£ = 11880 4 ymol
A[nm]
A=675nm

— E=176 kJ/mol
8E=1408 kJ/mol
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9 pdoﬁ: Syshems!
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9 pdoﬁ: Syshems!
Or?}phﬁ’ns /{754

\y eh s Can Dack
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8 Mol of pee photms: oo £)

Pedutc 1mafCOy: 80 AT
Masmom effiency . 3 %
‘,{1' . : -
A 5’%7?.:‘9@%: 1%
: N
beeﬁhes i 8.1 2

phenes

PAR = photosyntehtically active radiation
400-700 nm --- 43%
8 PAR photons fix 1 CO,

Total efficiency --- realistically about 0.25% on average

*

India: 3.3 x 108 km?

Plant 2/3 - 3.2 x 10" J per year

Approximate present land use:

Million hectares

Total Land 13,000
Forest & savannah 4,000
Pasture & Range 3,100
Cropland 1,500
Total Food 4,600

~11% of earth’s surface produces food

Types oT Biomass

I

Landfill Gas Alcohol Fuels

THE CARBON CYCLE

Crops like corn are finely ground and separated into

that is
reabsorbed
by the
original crops.

their component sugars.

which releases which can be used as  The sugars are distilled
carbon dioxide an alternative fuel to make ethanol,
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Dry Steam Power Plant
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Silicon Valley Power
2011 POWER CONTENT LABEL

2011 SVP 2010 CA
POWER MIX POWER mDX=
ENERGY RESOURCES

igible Renewab le 251% 137%

-- Biomass & waste 0.4% 2.4%

-- Geothermal 2.8% 48%

-- Eligible Hydro 87% 1.7%

Solar 0.0% 03%

- Wind 16.2% 47%
Coal 129% T1.0%
Large Hydro 228% 108%
Natural Gas 16.1% 41.9%
Nuclear 0.0% 13.9%
Other 0.0% 0.0%
Unsp ecified sources of power” 23.1% 12.0%
TOTAL 100.0% 100.0%

that are not traceable to specific generation sources

“Unspecified sources of power" means electricity from transactions

Percentages are estimated annually by the California Energy
Camrission based on the electricity sold to Calfomia consumers
during the previous year
For specific information about this electricty produd, cortact
Silicon Valley Pover. For general information about the Power
Contert Label, contact the Califomia E rergy Commission at

1-800. 5557794 o Fitp:ifvwvwener oy oo cow/sh 30 indexchtm|
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POWER CONTENT LABEL

2011 SCE

2011 CA

POWER MIX POWER MIX™
[ ]
- Blomass & waste 1% %)
- Geothermal 9% 5%
- Small hydroalectric 1% 2%|
- Solar 1% 0%|
- Wind i 5%
Ceal 8% 8%
Large Hydroelectric i £
Natural Gas 27% 7
Muclear 24 5
Othar ] %
Unspecified sources 5% T2
of poweer®
FoTaT 007 T00%

* “Unspecified sources of power” means electricity

sources,

oY

s churing the privious year

transactions that are not traceable 1o specific generation

| Percentages are estimated annually by the California Energy
Commission based on the alectricity sold to California

from

[Fesr spaescifin: infarmaticn sbout Bis elecincty produc, contic
Southern California Edison. For general information about
the Power Content Label, contact the California Enengy Commission

Are we YES Not YES YES
Warming % All % dangerous?
up? Natural?,
NO NO NO
HOAX HOAX HOAX
Are we YES Not YES YES
Warming All % dangerous? %
up? Natural?
NO NO NO
HOAX HOAX HOAX

Jat 1-BO0-555-T784 or www.energy.ca.goviconsumer,
Are we YES Not YES YES
Warming % All % dangerous? %
up? Natural?
NO NO NO
HOAX HOAX HOAX
Available alternative
energy estimates
7.2 TW 32 T™W
= =
Hydro Geothermal
B70 TW 15 TwW
= =
Global

Solar Wind

Consumption




