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Abstract. One of the main difficulties in a class on Sources of Energy and Social
Policy is the wide variety of units used by different technologists (BTU’s, Barrels of oil,
Quads, kWh, etc). As every student eats, I think some of this confusion can be resolved
by starting and grounding the class with a discussion of food and food production. A
general outline for this introduction is provided and two interesting historical cultural
examples, Tenichtitlan and the Irish Potato Famine, are provided. Science and Social
Policy classes are full of bespoke units and involve many different contexts. Starting
the class with a discussion of food energy is a nice way for everyone to start with the
same context. In addition, discussion of Food Energy can lead to interesting historical
claims.
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1. Introduction

When the United States entered World War One one of the problems they faced was
logistics. How much food do you need to ship overseas to Europe to feed a million
soldiers? That early work in nutrition led to the 3000 Calorie diet many people
remember from secondary Health Education class. A bit about units you might remeber:
1 Calorie = 1 kilo — calorie (kcal), and a dietician might build a 3000 kcal diet for
a 20 year old basketball player. A calorie is the amount of energy it takes to heat a
gram of water by a degree Celsius. There are about 4.2 Joules in a single calorie, and
a Joule occurs all over introductory physics. If you need to buy a new home furnace,
the sales brochure might advertise that it is capable of delivering 100,000 BTU’s of heat
each hour. What’s a BTU? Heat a pound of water by 1°F. Of course Heat Pumps
are far more efficient than simply burning methane or propane, but they consume kilo-
watt-hours (kWh) of electricity, not BTU’s. What’s a kWh? Run a 1000 Watt toaster
for an hour and you’ll have pulled one kWh off the grid, it will cost you about $0.13
in Minnesota. If you decide to put solar panels in your backyard, they will probably
collect about 10% of the 3.5kWh the the sun delivers to each square meter of your lawn
(in Minnesota) each day.

As the previous paragraph illustrates, there are a frustratingly large number of
different units in an “Energy” class. At Winona State, this 3 credit class fulfulls a
“Science and Social Policy” general education requirement and is taken by students
from across the university. Lots of college majors don’t require a math class beyond
algebra or introductory statistics and the population is largely math-averse. You could
jokingly say that one of the main things students learn in the class is unit converstion,
but it isn’t far off. Nearly every field finds energy a useful representation, and every
profession has their own set of units and terminology that’s most well suited for quick
calculation. Would a medical lab scientist talk about the fractional acre-foot of urine
needed test kidney function? No, but someone in the central valley of California would
certianly care about the acre-feet of water necessary to grow almonds! Does a gas station
price their gasoline in dollars per kWh? Given the growing electrification of cars, they
might soon.

Everyone eats, maybe not 3000 kcals per day, but at least something every day.
When I teach our energy class, I spend a few weeks talking about food energy before all
other types. While food production is not central to climate change and wars over oil,
food is essential in a way that diesel and gasoline are not. Vehicle fuel makes modern
life possible, but we could live, unpleasantly, without it. We can’t live without fats and
protein.

2. Food Energy

To introduce Food Energy, I ask the students to work through a few questions:
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2.1. Converting food into body heat

Planning to save money, one college student decides to go to an all-you-can-eat buffet
each day at 11am. If he brings homework and stretches the meal out for a few hours he
can get all 3000 kcals with only one meal bill. Food is fuel for the human body — could
too much fuel make his body feel sick? If his body burned all this food at once, how
much warmer would he get? Useful information: the student has a mass of 80kg and is
made mostly of water. A Calorie heats 1 kg of water 1°C.

Here’s a possible answer: equate food energy with calorimetric heating and assume
human bodies have the same heat capacity as water, about 1kcal/kg - C°. This allows
us to calculate the body’s temperature increase.

keal
3000kcals = 80kg - 1 kgc_aCO AT (1)
AT ~ +37.50° 2)

Students are normally quite surprised at this number. Although wildly unrealistic,
AT =~ +46C° is typicaly fatal, there is a related phenomena of diet-induced
thermogenesis[I] known informally as “the meat sweats”. Some students connect this
calculation to feeling quite hungry after a cold swim in the pool (a similar effect). On
a larger scale, discussing what’s wrong with this estimate is useful. The main storage
mechanism for storing food energy is fat tissue, which the calculation completely ignores.
Infants are generally born with little fat, and an infant sleeping through the night often
coincides with the baby growing enough fat tissue to store sufficient kcals to make it
though a night without waking up ravenously hungry. A related follow-up is that if a
person is stranded in the wilderness, they should immediately start walking downstream
(ie, towards civilization) as they likely won’t be able to harvest an amount of kcals
equivalent to what they already have stored on their hips and abdomen.[2] The contrast
of bear hibernation [3] and songbirds constatly eating through the winter are related
connections to investigate.

2.2. Biophysical Power

: A more realistic question to follow up with relates to the average power given off by
a person over a day. Again, assuming 3000kcal is burned over 24 hours, with useful
information: 1kcal ~ 4200 and 1J/s = 1W.
3000kcal 4200J 1hour
24hours 1lkcal 3600sec
Most students still remember 75W att lightbulbs, but given the spread of LED lighting,
“A person’s body heat is two 75W light bulbs” will probably only make sense for a few

~ 145W (3)

more years. Desert or cold-weather camping, alone versus with friends, and survival
swimming are also examples for students to make sense of this answer. If you can take
advantage of other people’s waste body heat, you’ll sleep more pleasantly and survive
longer in cold water.
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Another connection to make is that of “brown fat,” a sort of biological space heater
that humans and other mammals develop in response to cold weather. This tissue’s
mitochondria can burn lipids and carbohydrates in a useless proton pumping scheme,
which produces metabolic heat [?]. Most common in rodents and infants, this mechanism
can be stimulated by extended exposure to cold temperatures. The idea of a biological
space heater that takes a month to turn on and a month to turn off matches the lived
experience of college students in Minnesota, who wear down jackets in 4C° weather in
November, and beachwear in the same 4C*° weather in March. Additionally, transplants
to northern climates often take a few years to “get used to” the colder weather up north.
It seams just as easy to say that transplants’ bodies take a few years to develop the
brown fat cells which allow them to be comfortable in cold weather.

One other connection to emphasize at this question is the difference between power
and energy. A graph of a human body’s “kcal content” over the course of a day
can be a useful illustration. When sedentary, this graph probably has the slope of
—150W =~ 125kcals/hour. If the 3000kcal meal at the buffet takes an hour, this period
corresponds to an energy-time slope of +3000kcal/hour ~ +3500W .

In medicine, these slopes are related to “Metabolic Equivalent of Task” (METS)
and are commonly discussed in cariology and exercise physiology. METS is power
normalized by mass, IMETS = 129 and common METS levels are available for

kg-hour
many different physcial activities. [?]

Imagine that after eating a 600 kcal bacon maple long-john (donut), you decide to
go for a hike to work off the Calories. Winona State is in a river valley bounded by
200m tall bluffs. How high up the bluff would you have to hike to burn off the donut?
Useful information: human muscle is about 30% efficient and gravitational energy on
Earth’s surface has a slope of about 10 Joules/kg - m.

Answer Energy bar charts

4200J Joules
= 80kg - 1 - height 4
1kcal SUkg - 10 kg-m «td (4)

height ~ 1000m (5)

1
3 600kcal -

increase in yields since 1917 (graph)

1917 data

Grow your own food, possible?

Grow your own food, how far apart (urban life?)

3. Example: How big could Tenochtitlan have been?

1917 (A&M) USDA pamphlet
Corn for US - area
If Tenoch was 100k people, how much land area?
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4. Example: Was the Irish Potato Famine a Natural Disaster?

5. Conclusion
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