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> WrEt igielelie)
— Efleie) |s the ability to do work.

= rrwrg\ neither created nor destroyed (First Law of
Jliermodynamics; the Law of Conservation of Energy

= ,_'- z y ‘exists in many forms ( potential, kinetic) £, + £, =E 1.,

— n‘etlc energy. is caused by the motion of eIectrons atom,
== == molecules, substances and objects. Examples: electrluty,
_F-—electromagnetlc sound, motion

F—-. ~ — Potential energy is stored energy and the energy of position
'- --,.'_ (gravitational energy).

_—" —_
i

- -
—
am—

— Examples: mechanical, chemical, gravitational, nuclear (E=mc? )

— Energy can be converted from one form to another.

— No energy transformation is 100% efficient (Second Law of
Thermodynamics).
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ERNEOIINIENN UNnItS Of Enere /ewer _
— rj’]r‘jj'f]h)n—‘fj_rjjl SN EsH Ot e R Ay anadMWork IRCIUde the

fout=gol RGN GRCE (1.35581 1), GheBritieh thermal.tnit (Btu) which
i5 Various Valtues in the region of 1055 J, and the horsepower-

O (_- 5845 MJ).

Ihe en rgy unit used for everyday electricity, particularly for
Uil v bills; is the kilowatt-hour (kWh), and one kWh is

el walent t0 3.6x106 J (3600 kJ or 3.6 MJ). Electricity usage is
~ off en ?lven In units of kilowatt- hours per year (KWh/yr). This is
= actually'a measurement of power consumption, i.e., the rate at
-"'ANhICh energy is transferred.

-;.—1'- - — The calorie equals the amount of thermal energy necessary to

-~ raise the temperature of one gram of water by 1 Celsius degree,

- at a pressure of 1 atm. For thermochemistry a calorie of 4.184 J
is used, but other calories have also been defined, such as the
International Steam Table calorie of 4.1868 J. Food eneray is
measured in large calories or kilocalories, often simply written
capitalized as "Calories” (= 103 calories).
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Table 1.3. Power Expended in a Sampling of Activities

Power Producers and Users
Lifting a mosquito at 1 cm/s

A fly doing one pushup }
Cricket chirps

Pumping human heart

Burning match

Electrical output of a 1 m” solar cell 10%
efficiency

Bright lightbulb

Human hard at work

Draft horse

Portable floor heater

Compact automobile

Queen Elizabeth (giant ocean liner)
Boeing 747 passenger jet, cruising
One large coal-fired power plant
Niagara Falls, hydroelectric plant

Space Shuttle Orbiter (3 engines)
Plus its 2 solid booster rockets at take off

All electric power plants worldwide

§is. mobiles, if all used at the same time
(150 million)

Humankind’s total use in 2005

SUV*, 15 mpg at 60 mph AT trca sy

Sources: Levenspiel (1996) and EIA (1998).
“Sport utility vehicle.

Power Involved

) 10

lerg/s=10"7 W=10"10kw

10° W =10"° kW
1.5W=15x10"kW
10 W =107 kW

100 W =0.1 kW

100 W =0.1 kW
0.1 kW
1 kW
1.5 kW
100 kW
200,000 kW
)0 kW
1 % 10° kW = 1 GW of electricity
2 % 10° kW = 2 GW of electricity

14x 10°kW = 14 GW

2 % 10° kW = 2,000 GW
15 % 10" kW = 15,000 GW

1.1 10" kW = 1.1 x 10* GW =400 Q/yr
160 kW _
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, BIUC content ofiCommon Energy Units
INIEIIEl(E2G is) of crude oil = 5,800,000 Btu

1 eellleisl o e Jle ine = 124,000 Btu

INGIE! Hor Qr—r sel fuel = 139,000 Btu

e fheatlng oil = 139,000 Btu
Haf re5|dual fuel oil = 6,287,000 Btu

cublc foot of natural gas = 1,031 Btu
=0 gall_on of propane = 91,000 Btu

1 short ton of coal = 20,754,000 Btu
1 kilowatt hour of electricity = 3,412 Btu
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Cili urf" transitions and! energy

— H,erx@ itnIc human culture (pre-10K ybp)

ntlng/gatherlng societies primarily used
. __:blomass

— ~ 8 Per capita energy use was low.
J*‘ — o Populatlon densities were low.
® Societies were nomadic.

® Energy use was 5000 to 12,000 kcal per capita per
day in small-scale band and village societies.

H




~Neolithic Culture:
: The rise of agrarian societies is associated
W|th an increase in per-capita energy use.

_; » 26,000 per capita kcal/day in pre-capitalist
- agrarian civilizations

== » Biomass is still the primary fuel used in
= agrarian societies.
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SEIndustrial Societies
~ » The development of the steam engine and use of
- fossil fuels greatly increased energy use (circa 1800).
~ « Per capita energy use increases dramatically

By 1970 Americans were using 230,000 kcal/day.

= Post-industrial per capita energy use continues to
e increase in all developed nations.
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= The release of greenhouse gases/global warming
= - and other environmental issues arising from fossil
— fuel use and overpopulation are root causes of our

crisis today.

=
- -
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SISt Jrrz 0)fe Energy

2= :n;,r able energy is that which can be
4ed without change to the earth’s
phere

'- = '__net effects on the biosphere do not
- significantly degrade its capacities for
supporting existing species.

1 1
1
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AHIUErms. of energy. Lse worIdW|de reflect the
fJJJITL)I tiom off wealth among nations

— /OJ/e of “the people live in wealthy countries of
= WES ern Eurepe, North American and Japan

_;;-;:-_ > energy consumption rate in the US is 350 million

-.-_. _=

— BT U/capita; 2 that rate in Japan and western

e ——

- FEurope.
— Ani equal sized group lives in China and the Pacific

Rim countries; the energy consumption for the
Chinese averages 30 million BTU/capita
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=Nieriest of the'worldlis [argely: under- -developed nations.
ome nations like; India have pockets of rapid

iz “development and increase energy use (15 million

= BiiU/capita annually). Most citizens in rural agrarian
= economies are still using biomass as the primary fuel.

_';;' = In most developed nations the primary fuels are fossil
= - fuels. In the US 25% of the total energy consumed is
== for electrical generation. 50% of that generation is
—— produced by coal combustion. The rest of the energy

= use is met by direct fossil fuel consumption. Renewable
= sources of energy are token in their contribution to

overall energy consumption.

e
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nergy consun:iption per capita versus the GNP per capita
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Qil - 38%

Hydroelectric  Muclear

6% 6% 01%
Geothermal,

Solar, Wind,
and Wood
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ShPrimary Energy Consumption by Source and

SE c'rr 2007 | -_—
@uadniilion Btu)
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Percent

i of Source of Sector
Petroleum : o
=
— ;
39.8 “‘ —%—=4  Tansportation

29.0

Indusfric:l5
o7 e

[Residential
and Commercial
10.6

Nuclear
Electric Power
8.4

Electric chwer?
40.6




Ewable Energy SOURGES

Renewable Energy, end of 2006 (GW)

O Large hydropoer

51 W Biormass heating *
3gm 33g SBMZT O Solar collectors for hot
45 0.4 weaterheating (glazed) ™

73
74 0.3 B Srrall hydropower

105°

OWind turbines

O Biorrass power

B Ethanal production =

O Geother mal heating *
770 W Geother sl powsear

W Biodiesel production™
235* O%olar P, grid connected
O Solar P, off-grid

W Concentrating salar

thermal power (CSF)
* GWth B Ocean (tidal) power

** hillion litersfyear




AVEllEble: Renewable Enerdy

Wind

32 TW 15 TW
(1)
g
Global

Solar Geothermal Consumption
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ERVirenmentall Hazards of Eneray.
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Table 1.6. Examples of Environmental and Other Hazards of Various Energy Supply Technolo-
gies (None is free of adverse effects)

Fuel/ Coal Petroleum Natural Gas  Nuclear Hydro
Phase
Extraction Mining Drilling Drilling Mining Construction
Accidents Spills Accidents
Lung Damage  (off-shore) Lung Damage
Refining Refuse Piles Water Pollution — Milling Tails
Transportation  Collision Spills Pipeline —
Explosion
On-Site:
Thermal High Efficiency High Efficiency High Efficiency Low Efficiency
Air Particulates S0,, NO, NO, Low Radiation
850,, NO,
Water Water Water Water Destroys Prior
Treatment Treatment Treatment Treatment Ecosystems
Chemicals Chemicals Chemicals Chemicals
Aesthetic Large Plant Large Plant Large Plant Small Plant Small Plant
Transmission  Transmission  Transmission  Transmission  Transmission
Lines Lines Lines Lines Lines
Ash, Slag Ash — Spent Fuel Fish Killed
Transportation
Reprocessing
Waste Storage
Special —_ Population,
Problems Agricultural
Displacement

Major Accident Mining Oil Spill Pipeline Reactor Dam Failure
Explosion Cooling Failure
Nuclear
Weapons
Proliferation



Table 1.6. Examples of Environmental and Other Hazards of Various Energy Supply Technolo-
gies (None is free of adverse effects) (continued)

Low Efficiency
Ecosystem
Change

Water
Treatment
Chemicals

Poor Large
Area

Spent Cells

Construction
Accidents

Fire

Ecosystem
Change

Water
Treatment
Chemicals
Poor Large
Area

Solar Solar Power Solar Satellite Nuclear Geothermal Wind
Terrestrial Tower Phetovoltaic Fusion

Photovoltaic

Mining — Mining H, Li — —
Accidents Accidents Production

Genetic Change

Water
Treatment
Chemicals

? Large Areca
(Antenna)

Vulnerability
in Wartime

Intense
Microwave
Beam

— H,S
Tritium in Brine in
Cooling Water  Streams

Large Area Large Area Locally visible
Plant

Irradiated Cool Brine —
Structural

Material

Occupa- — Siting
tional Structural
Radiation Doses Failure

Tritium Release — -




imeErScalés for Knewn

Table 1.7. Approximate Length and Time Scales for Selected Known and Potential Environmental
Effects of Energy Production and Utilization

Local 0.001-10 km
e.g., Air Pollutants
— Acute Respiratory Episodes: < 1 day
— Lung Cancer: 10-50 years
— Mutagenicity: 1 —- 5 generations

Regional 100-500 km
e.g., Acid Rain
— Forest and Aquifer Damage: 1 - 20 years
e.g., Particulate Pollution

Global 5,000-25,000 km
e.g., Climate Modification

— Sea—level Rise | 30— 100 years
— Desertification or more
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Table 1.8. Proposed Responses to Societal Concerns Over Adverse Impacts of Industrial Activity®

Response Strategy

Effect on Technology

Implications

Radical Ecology

Continuation of Status Quo
(Laissez Faire)

Return to low technology

Appropriate technology, "low
tech” where possible

Reliance upon technological
evolution within environmental
constraints: no basis for "low
tech” unless environmentally
preferable”

Ad hoc adoption of specific
mandates (e.g., CFC ban): little
effect upon overall trends

Unmanaged population crash:
economic, technological, and
cultural disruption

Lower population, substantial
adjustments to economic,
technological, and cultural status
quo

Moderately higher population,
substantial adjustments to
economic, technological, and
cultural status quo

Unmanaged population crash:
economic, technological, and
cultural disruption

Source: Allenby (1999).

*These strategies and consequences are also plausible outcomes of societal reactions to the
energy-prosperity-environmental dilemma (see text and Figure 1.16).

bOr as a better match to ambient socio-economics.



