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Renewable non-GG NRG sources

« solar, wind, hydro, nuclear, etc.

Global Energy Usage

Renewable Energy Sources

All Energy Sources (7.0 Quadrillion Btu)

(94 .2 Quadrillion Btu) Solar 1%
Geothermal §%

Matural Gas Blomass 43%

23%
Petroleum
39%

Wwind < 0.5%

Renswable
Energy

8%
Hydroelectric 50%

Nuclear Electric
8%

Totals may nat equal sum af companents due to independent rounding.




Stabilizing, Reducing CO, emissions

Emissions, concentrations, and temperature changes corresponding
to different stabilization targets for CO, concentrations

(a) CO, emissions (Gt C)

{b) CO, concentration (ppm)
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World Population: Projections

World population (billions)
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slow/stabilize climate change?

Current growth rate: 1.6%
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Energy Consumption Through Time
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us.
European Community

Former USSR

US % of Global Primary
Energy Consumption

China

1980 1985 19?0 1999
DOE/EIA, Monthly Energy Review, Sept. 1999
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What is this energy used for?

U.S. Energy Flow, 1997
(Quadrillion Btu)

Exported
Energy
4.57

1
Domestic

Fossil

praduction fuels
72.32 Natural gas
Total 22 59 80.36 Total Industrial
] supply consumption use
98.78 94.21 35.67
) Nuclear 6.69
Petroleum
A bles 6.93 36,31

Imported Nuclear 6.69
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The Grid: Transmission,
Storage, Merit Order

(Grubb & Meyer, 1993)

Peaking units

Cycling units

Baseload units

Duration

a. Total demand and merit order of loading

Fuel svings by 25 gigawatts wind energy

Fuel savings by additional 25 gigawatts

wind energy

Duration

b. impact of wind energy

FIGURE 12: Laad durasian and fock-seving impacts of wind energy at increasing penctrasions are
presensted i oy form of a so-called “load duncsion curve. ™ The curve dhoun the duration for which
load exoreds a given power level. Camventional plants ave Inaded under the curve in their “merit
wrer” of aperation. and the shiaded areas represent energy supplied by each thermaf plant type. By
subemacring wind energy frous she demans, and loobing at the revieual distribusien (the "nes load
dunations curve’) it is eugy 10 see she porential fuel sarings from the wind energn and the way in
wibick it redduces the openecing time of a thermal plant on the system.
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CHy + 50, —= 3C0, + 4HO

Burning
1Mde “g¥% @9 &&= 9

L™
Propane
8 C-H, 2 C-C, 5 O-O bonds broken
Bond energy Number of Bond energy/
Bond (kcal) bonds broken mole (kcal)
C—H 99 8 8§ x99 = 792
C—C 83 2 2xX83= 166
0—-0 118 5 5x 118 = 5%
Energy required to break bonds = 1548
Bond energy Number of Bond energy/
Bond (kcal) bonds formed mole (kcal)
C=0 192 6 6 % 192 = 1152
O—H 111 8 8 X111 = 888

Energy released in forming bonds = 2040

2040 — 1548 = 492 kcal/mole

mole = 6.022 x 102 atoms

Evolution of Energy Sources
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Fossil Fuel Energy Paths

Sun Sun Sun
Organic Photo- Photo-
Matter synthesis synthesis
A, A,
Incinerator Thermo-/ Burial
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Non-FF Energy Paths

Sun Sun Sun Sun Supernova
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Clouds Air PV Air U-ore

A, A,
Water a a Fission
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