Smil Reading Guide and Study Questions, Chapter 1

This guide includes study questions and a few notes to help you through the first chapter.   Honestly, the first chapter is the least interesting of all of the book's chapters.  However, there are some really important things in it so it is worth doing.  The only things I will require you to know for your quiz over this chapter are what I touch on in this reading guide.  Fair enough?

Smil provides a scientific basis in this book for understanding the energy economy.  The other major reading for this course (Klein) will give you a more policy and progressive approach to energy. While Smil is a scientist who avoids much political analysis and critique, as a journalist Klein is just the opposite.  So whatever your preferred approach is, you will find something in the readings to be pleased about, and perhaps displeased about.

---------------------------------------------------------------------------------------------------------------------------

Be familiar with Smil's point about feeling “energized” after a workout.  What is his definition of energized?  What makes you actually feel an enhanced level of well-being after exercising?

Science of energy: origins and abstracts

What was Mayer's explanation for why human blood in the tropics appears much redder than human blood in the middle latitudes in places such as Germany?

Know what the law of conservation of energy is.  (Note that it is also the First Law of Thermodynamics.)  It is stated in two ways; one on page 4, the other on page 5.  On page 4: heat and work must be equivalent and convertible at a fixed rate.  On page 5: energy can neither created nor destroyed.

James Joule experimentally demonstrated the First Law to show how mechanical energy was transformed into heat energy.  He used descending weights (mechanical energy) that churned propellers in water, and the resulting friction warmed up the water.  

Now I am going to list a couple of other First Law examples:  

-When you pump up your bicycle tire with a manual pump, the compressed air in the pump and the tire ends up warmer than the surrounding air.  Some of the mechanical energy of pumping is transformed into heat, and some of it is transformed into potential energy - energy stored in the form of compressed air.  But no energy is "lost."
-Some of the mechanical energy that generates friction from a skidding tire is transformed into heat energy.

What did Clasius say to summarize the Second Law of Thermodynamics (the entropy law)?  In a closed system, what happens?

A light bulb demonstrates the Second Law.  The input is electromagnetic energy (electricity), the output is mostly heat and a little light.  The heat and light are less controllable and less concentrated, and thus demonstrate higher entropy (more randomness).  Electrical energy is a form of energy of very high quality, light and especially heat are of lower quality.

Carnot Efficiency

Sadi Carnot is mentioned as a contributor to understanding of thermodynamics.  However, the author does not go into any detail.  What Carnot did was quantify the efficiency limitations of heat engines.  The greater the difference between the operating temperature of an engine and the temperature of the cool substance to which the waste heat flows, the greater the efficiency.  Due to the inherent limitations thus imposed by environmental air temperatures and engine temperatures, thermal power plants that produce electricity, and your automobile's internal combustion engine, cannot operate at greater than about 50% efficiency.  Energy efficiency in these examples, by the way, is measured as the energy output (electrical or mechanical) divided by the energy input (fuel).   In reality, most heat engines operate more on the order of 25 to 40 percent efficiency.  Now I realize that this paragraph has already been a mouthful at least, but this is a really important concept.  

Carnot efficiency means that in the case of the coal thermal electric plants that produce half of the electricity used in the United States, we are getting only a fraction of the coal's energy from our electrical outlet.  It also means that there are absolute limitations to how efficient our autos will ever become at converting the chemical energy of gasoline into the mechanical energy of transport.  Now, we still have a ways to go to improve our beloved internal combustion engine, but the easy efficiency gains have already been made.  Now for the curious student or the student that wants a more solid mathematical treatment, I am going to give you an equation for Carnot efficiency.  I will not quiz or test you over this equation, so don't worry about it!

e = 1  -    Tc/Th 

e = thermodynamic efficiency

Tc  = local environment temperature (Kelvin scale)

Th  = the hottest temperature achieved by our engine (Kelvin scale)

For an example: a nuclear thermal electric plant.  Such plants operate at about 570K in an environment of around 300K.  1 – (300K/570k)  = 0.46   Thus, our nuclear plant operates at about 46% efficiency.  In a nuclear plant there are other losses, so overall the system efficiency is less than 46%.

-  -  -  -

Now, back to some reading questions.

Why is the Second Law not violated by organisms?  Aren't they examples of greater order achieved, rather than less, as the entropy law would suggest?

What is the source of energy for nearly all of the biosphere?

What is the world's most famous equation, who wrote it, and which law of thermodynamics does it relate to?

Related to the previous question, how much energy does my two ton vehicle contain, expressed as a share of annual commercial global energy utilization?
What share of matter is converted to energy in the case of nuclear reactors?

What share of matter is converted to energy in the case of petroleum combustion?

fundamental concepts: energies, conversions, efficiencies

What is the most common definition of energy?

What are the four key forms of work that your metabolism does?

What are the four most commonly encountered forms of energy, according to Smil?  List them.  

In the process of photosynthesis, which of the proceeding four forms of energy is the input, and which of the following four is the “product”?  Note that Figure 3 has the answer.

Here's a question that is not in Smil.  Imagine a person running and giving off heat as she does so.  Trace the various forms of energy conversion that make this possible, starting with the ultimate “source” of her energy.  (hint, the previous question will get you started)
Now, I am going to give another example for you to think about, a description of energy conversions for a shark swimming after you on the Oregon Coast.  (forgive the example, I was just kiteboarding near Lincoln City where there were reports of Orcas hunting local seals, and I was kiteboarding near some large and disgruntled seals).

-OK, so here goes, verbally:  Where does the shark get his energy from, ultimately?  Well, the shark eats animals that have eaten other plants and/or animals.  So let's start with plants, since they are the basis of the food web.  Phytoplankton (ocean plants, mostly microscopic) fix a little bit of the energy of sunshine (electromagnetic energy), converting it into chemical energy in their tissues.  Phytoplankton are eaten, among other things, by zooplankton.  These in turn are eaten by fish and crustaceans and other larger marine creatures.  So to keep it somewhat simple, zooplankton eat the chemical energy stored in the tissues of the phytoplankton.  Zooplankton are then eaten by larger animals, which are then eaten by sharks.  This is again entailing a transfer of chemical energy stored in tissues up the food web.  The shark got his chemical energy (food) in the form of smaller fish (or marine mammals), who got their chemical energy from plankton, who got their chemical energy ultimately from the sun.  So the shark, in the final analysis, gets his energy from an ecosystem powered by the sun.  Each transfer of energy entails enormous “inefficiencies”, meaning that the shark is only utilizing perhaps one one-millionth or so (rough guess) of the solar energy that originally was received by the phytoplankton that ultimately worked their way up to his food supply.  Some of the chemical energy (from his food, then later stored in his tissues) utilized by the shark actually keeps it warm (loss of thermal energy), being used for basic metabolism.  However, a great deal of the shark's energy is expended by swimming constantly (kinetic energy), 24/7.  And some of that kinetic or mechanical energy is “lost” as heat through friction.  Now it's not that this heat of friction loss warms that ocean much, but yes, it does a little.  Remember the First Law.  Energy cannot be either created or destroyed.  The shark uses the chemical energy of food to generate mechanical energy in its muscles, while some is also lost as heat. 
This example also can be used to bring in the Second Law.    As I already mentioned, some of the chemical energy in the sharks' food ends up as kinetic energy, some as thermal energy.  Neither of these can be recovered in their entirety and transformed back 100% to chemical energy.  So this combustion of chemical energy by shark digestion ends up eventually in less useful, less concentrated, and therefore, less ordered and useful forms of energy.  (high entropy)  The ocean ends up slightly warmer, and shark ends up having traveled a great distance in a day.

Now, I have a problem for you.  Describe how leaving a fan running in your house on a hot day illustrates a) the First Law, and b) the Second Law.   Hint, what transformations happen to the electrical energy, and how does that effect the air inside your house?
Which is higher quality energy, a gallon of gasoline, or the kinetic energy and/or heat that its combustion produces?

HEAT

List the four examples of how heat is produced, page 10.

Know each of the three types of heat transfer.

If you are burning a log in a wood stove, describe the role (if any) of each of the three types of heat transfer. (not in Smil)
You notice that while sitting near a campfire that after awhile coals start glowing.  What does this suggest about the actual temperature attained in that sector of the fire?
Which is larger, latent heat of vaporization or latent heat of melting?

Explain why damp wood won't ignite, and why green wood doesn't burn very hot, in energetic terms sourced from Smil.

Somewhat damp wood puts out less heat when burning that drier wood.  Does this mean that it has less energy?  Explain.
*   *   *

How does Smil define the efficiency of energy conversion?

Smil characterizes the efficiency of photosynthesis.  Summarize.  What is global annual average efficiency of photosynthesis?  What happens to the solar energy not converted in the process?

Give four examples of high efficiency conversions, from Smil, page 12.

quantitative understanding: the necessity of units

If you don't feel comfortable with much of the first three paragraphs in this unit, don't worry.  

All I want you to know from page 13 is:

-the definition of power, and its usual representation (watts) (note that a kilowatt is just 1000 watts)

-what the meaning of a unit of energy is, and how it differs from power
-how to convert joules to kilowatt-hours, and kilowatt-hours to joules

For some help, understand that a flow of power is expressed in watts.  If you have a light bulb on, it is using a continuous flow of energy (typically 60 watts for an incandescent bulb, or ~13 watts for the same amount of light from a florescent bulb).  An accomplished cyclist may generate a great deal of power, over 1000 watts (one kilowatt).  An electric space heater might also draw about the same amount of power as the cyclist: 1000 watts.

Quantity of energy:  Now if our cyclist were able to continuously generate 1000 watts (1 kilowatt) of energy, and do so for one hour, this is 1 kilowatt-hour.  This quantity of energy can also be expressed in joules or some multiple thereof.   So how many joules are there in one kilowatt-hour?    Just go to the site www.unitconversion.org
Go to the energy and work converter section, and select kilowatt-hour on the left side.  Then select joules on the right column.  Now, since you want to know how many joules there are in one kilowatt-hour, type in the number 1 in the left hand blank, and it will tell you that there are 3,600,000 joules in one kilowatt-hour.  If you would like to convert joules into units that have fewer zeros, just use the handy multiples table on page 15.  All of you have run across some of these units.  The only ones on page 15 that I want you to be able to use easily are kilo, mega, giga, tera.    Most of you have run across these prefixes already through your use of computers.  (Nowadays, we talk about gigabytes of memory, and giga or terabytes of storage.)  So let's convert our 3,600,000 into megajoules.  Since mega is 106, we need to move the decimal over six places to the left.   Therefore, 3,600,000 joules is 3.6 megajoules.  We can also say, from our earlier conversion, that 1 kilowatt-hour is 3.6 megajoules.  

Let's go back to check if we have done this correctly by using the unitconversion.org site again.  This time, select kilowatt-hours in the left column and megajoules in the right column.  If you have 1 in the left column, you will see 3.6 in the megajoules column.  So we were right!

Now, just for fun, let's see how many kilocalories there are in one kilowatt-hour.  We often talk about diet in calories, but these are actually kilocalories.  When we select 1 kilowatt-hour in the left column, we get 860 kilocalories.  So that disgusting hamburger I ate yesterday containing 860 kilocalories has the same amount of chemical energy as a 1000 watt electric heater puts out in heat for one hour!  Are you surprised?  Remember also that this is the same amount of energy as a world class cyclist could use doing one kilowatt for one hour of furious pedaling.  Mere mortals like you and I would need more hours of cycling to burn off this much energy.  Maybe I'll just order the small hamburger next time.

So here's a summary of our units to get comfortable with.  (I know you may not be comfortable yet, but we will keep working on this.)

power:  watts  (remember that power is just the rate of energy use)

energy:  kilowatt-hours (kWh), megajoules (MJ), and kilocalories (kcal) (energy is a quantity of power)

1 kilowatt-hour  =  3.6 megajoules  =  860 kilocalories

Now, lets go back to our world class cyclist.  Let's say he could sustain 1000 watts of power for one hour (one kilowatt-hour of energy).  Thinking about the law of conservation of energy, and the entropy law (remember these are the First and Second Laws of Thermodynamics), what “happens” to the 860 calories that he “puts out” when pedaling?  Explain. (hint, talk about heat and work).  Note that 400 watts of sustained power output is more realistic.

Now, here's one that you might find interesting.  Five lines above, I listed the equivalents of kilowatt-hours, megajoules, and kilocalories.  One kilowatt-hour of electricity costs about $0.08 in Oregon, while 3.6 megajoules of gasoline (.027 gallons or .43 cups) also costs about $0.08.  But the hamburger costs about $3.  They all contain the same amount of energy.

Here's a question.  Given the content of the previous paragraph, why is it that only a very small amount of electricity in the US is generated using gasoline generators? (hint: 2nd law)
The only thing that I want you to understand from page 14 is the concept of power density. (expressed in this book as watts per square meter of land area)   This is enormously important as we will see later on, over and over again.  The average global power density of solar radiation, as reported on page 16, is 170 watts per square meter.  Interestingly, your own basal metabolism is about half of that (perhaps 80 watts), but of course, your body when standing covers much less than one square meter.

From page 18, the author lists the rate of global fossil fuel use, in TW units.  Is this power or energy?
Related to the previous question, what is the power of solar radiation received at the surface of the entire earth? (calculate it)
The energy content of some fuels is reported on page 16.  Assume all can be stored, and that weight matters for aircraft, which of the fuels would be most ideal for aircraft?

Why are you better off touching a live electric wire in the United States than in Europe or Canada?  Hey, taking this class could prove to save your life, don't laugh!  (but don't touch the wire anywhere, ok?)
From page 20, power = current times voltage.   In other words, watts = amps times volts.

So in the United States, where our standard household circuits are 120 volts, a 60 watt light bulb draws a current of 0.5 amps.   If you want to see it in formula:   60 = x(120)

Where do you encounter AC?  DC?

Now, this is about as complex as we will go with mathematics and conversions in this course.  I believe that it is better to get this under our belt now so that when the author talks about energy using these units, you will be more comfortable.  You can still do ok in the course, though, even if you find this numbers stuff bewildering.

