
1

1

Science Energy
19 January 2007
4th class meeting

Environmental Biology (ECOL 206)
University of Arizona, spring 2007

Kevin Bonine, Ph.D.
Anna Tyler, Graduate TA

- Current Events
- Science
- Energy

19 Jan READINGS:
Withgott & Brennan [2007paperback] excerpt
Monday 22 Jan:
Geology reading(s) on website

Lab 17/19 Jan:
UA Arboretum weblink
Lab 24/26 Jan:
Ishmael for lab on 24 or 26 January 

(questions on website?)

http://eebweb.arizona.edu/courses/Ecol206/206_Page2007.html 2

Current Events:

The Warming of Greenland 

A penisula long thought to be part of Greenland's mainland turned 
out to be an island when a glacier retreated. 

NYTimes
By JOHN COLLINS RUDOLF
Published: January 16, 2007
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Current Events:

A Coalition for Firm Limit on Emissions 

Jeffrey R. Immelt, right, General Electric’s chief, with Jonathan Lash of the World 
Resources Institute at an environment-linked briefing in 2005. 

NYTimes
By FELICITY BARRINGER

Published: January 19, 2007

Ten major companies with operations across the economy — utilities, manufacturing, 
petroleum, chemicals and financial services — have banded together with leading 
environmental groups to call for a firm nationwide limit on carbon dioxide emissions that 
would lead to reductions of 10 to 30 percent over the next 15 years. 
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• Environmental and human links
• Causality
• Evaluate validity and accuracy of scientific information
• Rational inquiry
• Evidence-based arguments

HOW TO MAKE 
WISE DECISIONS
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Fig. 1.12 Withgott and Brennan 2007

Scientific Method Scientific Process
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Scientific Method

1. Does increased exposure to UV radiation lead to skin cancer?

2. Does exposure to the pesticide atrazine cause 
feminization of male frogs?

3. Do cigarettes cause lung cancer?

4. Does increased carbon dioxide in the atmosphere lead to global 
heating?

5. Does increased carbon dioxide lead to greater forest biomass?

6. Are certain segments of the human population  more likely to 
suffer asthma attacks from air pollution?

Hypothesis
Experiment(s)
Predictions
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Imagine you are stranded on a small island. 

You do not know when help might arrive. 

How do you live your life and utilize the resources that you have?

What if there are 5 other people on the island with you?

What if there are 25 other people?

What if there are 5000 other people?

What if there are 5 billion other people?
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Energy
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Energy can…

1. Change position
2. Change physical composition
3. Change temperature

… of matter

Potential Energy (of position)

Kinetic Energy (of motion)

10Withgott&Brennan (2007)

Energy, 1st and 2nd Laws of Thermodynamics, Entropy

Energy Quality
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First law of thermodynamics:

Energy is Conserved!

But its quality changes.
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The second law of thermodynamics summarizes our experience 
with spontaneous happenings:

All kinds of energy spontaneously spread out from where they are
localized to where they are more dispersed, if they're not hindered 
from doing so. 

The opposite does not occur spontaneously -- you don't see:

- rocks concentrating energy from all the other rocks around them and 
jumping up in the air, while the ground where they were cools down a 
little

- pans in a cupboard getting red hot by taking energy from the other 
pans or from the air or the cupboard. 

http://www.2ndlaw.com/entropy.html
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Entropy:
A way to measure the energy that disperses or spreads out in 
a process (at a specific temperature). 

Entropy change, delta S, measures how much energy is 
dispersed in a system, or how widely spread out the energy of 
a system becomes (at a given temperature). 

Example: melting ice to water at 273 K (= 0C),

where delta S = q(rev)/T. I
n that equation, q (the enthalpy of fusion) is how much "heat" 
energy was spread out in the ice to change it to water. 
[rev=reversible] 

A negative delta S (a decrease in entropy) is not spontaneous.

http://www.2ndlaw.com/entropy.html
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How are these laws of thermodynamics 
related to environmental biology?
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Photosynthesis

6CO2 + 6H2O + energy C6H12O6 + 6O2
solar “sugar”

16Withgott&Brennan (2007)

Energy
Electromagnetic Spectrum

17Withgott&Brennan (2007)

Photosynthesis

- Light Rxns

- “Dark” Rxns
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Photosynthesis

Cellular Respiration

6CO2 + 6H2O + energy C6H12O6 + 6O2

C6H12O6 + 6O2 6CO2 + 6H2O + energy

2/3

solar “sugar”

“sugar”
(glucose)

(ATP)

[2nd Law of Thermodynamics]
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~1%

Resources

How do we power 
our societies?
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Most geologists view crude oil and natural gas as the product of compression and 
heating of ancient organic materials over geological time. According to this theory, oil is 
formed from the preserved remains of prehistoric zooplankton and algae which have 
been settled to the sea bottom in large quantities under anoxic conditions. (Terrestrial 
plants tend to form coal) Over geological time this organic matter, mixed with mud, is 
buried under heavy layers of sediment. The resulting high levels of heat and pressure
cause the remains to metamorphose, first into a waxy material known as kerogen which 
is found in various oil shales around the world, and then with more heat into liquid and 
gaseous hydrocarbons in a process known as catagenesis. Because most hydrocarbons 
are lighter than rock or water, these sometimes migrate upward through adjacent rock 
layers until they become trapped beneath impermeable rocks, within porous rocks called 
reservoirs. Concentration of hydrocarbons in a trap forms an oil field, from which the 
liquid can be extracted by drilling and pumping. Geologists often refer to an "oil window" 
which is the temperature range that oil forms in—below the minimum temperature oil 
remains trapped in the form of kerogen, and above the maximum temperature the oil is 
converted to natural gas through the process of thermal cracking. Though this happens 
at different depths in different locations around the world, a 'typical' depth for the oil 
window might be 4–6 km. Note that even if oil is formed at extreme depths, it may be
trapped at much shallower depths, even if it is not formed there. (In the case of the 
Athabasca Oil Sands, at the surface.) Three conditions must be present for oil reservoirs 
to form: first, a source rock rich in organic material buried deep enough for subterranean 
heat to cook it into oil; second, a porous and permeable reservoir rock for it to 
accumulate in; and last a cap rock (seal) that prevents it from escaping to the surface.

http://en.wikipedia.org/wiki/Petroleum

Petroleum
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