Reading Questions and Some Study Notes for Smil, Chapter 3

What were three early human uses of fire?

Smil contrasts somatic/motile tasks with stationary tasks in the first few pages.  What is the basic difference between the two, and what were key approaches for minimizing their own labor input that humans used for each?

In what kind of energy sourcing was there little change from pre-history up until around 400 years ago?

What specifically does Smil mean on page 55 when he states “the transition from animate to inanimate prime movers”?  Where has this transition not yet been completed?

Human Energetics

List the three macronutrients.

Which of the three macronutrients provided most of the calories for most pre-industrial societies?

What were two society types that were exceptions to the carbohydrate-dominated food supply norm?

Most carbohydrates are not digestible by humans.  List those that are not.

What are the three principal sources of digestible carbohydrates?

What are the two major source types for lipids?  Were they readily available, relative to carbohydrates, for most pre-industrial societies?

In what scenario are proteins used as energy sources?  What is their “indispensible” role?

What is it specifically about animal-based proteins that are superior for humans to plant-based proteins?  What other food type has complete amino acids?  (hint – not herbivores, autotrophs, carnivores, or omnivores)  (57)

List the energy content in kJ/kg for each of the three macronutrients, ranking from high to low.  Which of the three is the human digestive system less able to utilize all of their gross energy content for metabolic energy?

According to Figure 10, what ranks just behind muscles in BMR energy utilization?

BMR estimates for Europe and North America are least applicable to people in what climates and across which age groups?

What are two likely explanations of these differences?

Why do females tend to have lower BMRs than males?  (59)

What two factors are key in determining how much energy flow above  BMR energy requirements is required by various humans?

What range of daily energy needs (in kcal) is reported for non-athletes?  (60)

Smil reports that elite endurance runners can require what multiple of BMR?  What other group probably had similar energy requirements?  (61)

Discuss how human bipedality and thermal regulation (3 ways) gives us superior endurance running abilities over most four-legged animals. (61)

Well-trained humans can loose heat by sweating at up to how many watts?  How many horsepower is this?  

Smil suggests that our remarkable sweating abilities makes us a truly global species.  Explain.

Why is it, from an energy science perspective, that most foraging societies had diets that were overwhelmingly vegetarian?  Discuss the energy-related limitations of hunting rodents and arboreal herbivores.

Give typical foraging energy return ratios as reported by anthropological studies.

List energy densities for pinon nuts, grass seeds, tubers and squashes, and edible leaves.  What other nutritional advantage do the higher ranking items on this list have?

Why are large ungulates considered to generally be better prey?  What kinds of environments are they found in?  Does this geography help explain your answer to the earlier question about foraging societies' diet?

What two characteristics of humans give them the ability to run down ungulates such as deer, antelopes, kangaroos, and duickers?

Besides having lots of meat, what is the energy-based explanation for the human preference for hunting large woolly mammoths?  How many of them are left today?

Once again, the coastal Pacific Northwest makes its way into the exceptional category for the author.  What two animals allowed for the exceptional high anthropomass densities (or if you like - human population densities) in our region in pre-Columbian times?  Explain.

How did coastal PNW anthropomass densities compare with those of ancient agricultural Mesopotamia, North China Plains, and Nile regions? 

Why is the large standing phytomass of PNW forests not associated with high population densities here?

Why were the ancient agricultural Mesopotamia, North China Plains, and Nile societies largely vegetarian?  Specifically, why is feeding meat-producing endothermic animals a bad choice?

So if such societies still had some meat-producing domestic animals, what land resource types were used for their feed?

What two factors limit grazing lands in many such regions?

Why were traditional diets in these regions lipid-poor?

When was the “millenia of low yields”, and what were its chief causes?

Why have the world's farmers had a preference for the less powerful, slower, more difficult to harness, and shorter - lived oxen and cows... over horses? (energetic explanation please)

What specifically does the author mean when he says that horses compete with humans for food, but bovines do not?

So even if all of what you have written is true in the previous two questions, what happened that allowed horses to eventually gain ascendancy over bovines in some regions?

The great grasslands of Argentina, North America, southern Russia, and Australia were not cultivated on a large scale until the 1860s.  Why not?  What changed that made this possible at that point? 

At the peak of the use of horses and mules on U.S. farms in 1919, what percent of US farmland was needed to feed them?  Was this a relatively large or small share, compared with regions of dense population?

Make a list of the biomass fuels that have been used for millenia.  What do societies do when there is insufficient phytomass to supply their fuel needs?

In what circumstances are dried branches and twigs preferable to logs (even assuming that logs are available)?

Smil calculates the sustainable power density of forests to be 0.2W/m2.  How does this compare with the calculation for forests you made in the previous chapter?  Try to explain! (Note that power flows are measured here, rather than an energy quantity, so you will need to convert)
Smil states that pre-industrial cities needed from 10-30 watts per square meter of their built-up area.  How does he come up with the statement that they thus needed an area from 50-150 times their size in order to have sustainable biomass from wood?  How did he calculate this number?

Therefore, were phytomass-powered pre-industrial cities inherently limited in size?  Explain.

What resource issue helped “cause” the U.S. steel industry to transition to coal from wood, as implied by Smil's analysis on page 74?

Why could a sizeable pre-industrial city not have been energized by crop residues?

What health hazards are there with phytomass fuels, described by Smil?

What is the candle fat-to-light conversion efficiency of candles?  What must then be the candle fat to heat conversion ratio?
What were other pre-electric lighting technologies of the 1700s and 1800s that are described by Smil?

What kept the pursuit of “intellectual” activities confined to only a small part (~10%) of the whole population for thousands of years? 

What kinds of geographic/locational characteristics helped some cities exceed the limits otherwise implied by several of the last seven questions?

Pre-railroads, how did goods and people get around on land?  

What two characteristics are key determinants of the energy needed for land transport?

Which parts of the world were leaders in ocean shipping technological development prior to the 1400s?

What two urban needs, unmeetable by human or animal muscles, were instrumental in the development of non-animate prime movers: windmills and waterwheels? (p. 79)

Which technology was influential in opening up the Great Plains?  Explain how this device was able to overcome to some degree the intermittency problem that still plagues many solar-based resource flows today.  (Hint – not discussed by Smil here but the picture on page 84 might help your thinking on this.  Think about stocks and flows as laid out earlier in this class.)

Which continent had made by 1900 the most progress on wind energy as measured by the power output of the larger machines?

What does the author mean by the term “prime mover” as used in various places in the chapter?

