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The 1939 9N in the last photo is powering a PTO-drivin, 5-foot rotary mower (bush
hog). Power requirement for this task, on the level and low gear, is 75 amps times 120
volts or 12 hp. Large electric motors need to run at higher rpm than normal 1500
rpm tractor engines. The 8N utilized a low ratio Sherman transmission and the 9N
uses a 1.6:1 tooth belt drive to keep the electric motors spinning faster and cooler.

These two tractors have been performing admirably for years but need frequent rests
for motor or controller over-heating. They are extremely dangerous because of high
voltage DC and lack of compression braking as with a familiar gasoline or diesel
tractor.

This solar-powered agricultural exercise drives home the reality that the high-
power commercial machines we take for granted like 18-wheelers or earth mov-
ers will never work in a low-power solar-energy age ... all the more reason to
ration the oil we have left and not waste it on frivolous trips or entertainment.

Conclusion

To emphasize a rule of thumb worth remembering: a 1500 watt PV array in one
long day of summer sunshine will provide the energy of a gallon of gas, about
nine kWh. This is equal to twelve horsepower-hours of energy to do meaningful
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work. This may not sound like much, but it will power a small electric vehicle like
the MG for sixty miles or an electric tractor could plow or harrow one-quarter acre
(11,000 square feet) of farmland in an hour. If not needed for transportation or
farming, the same energy could supply the electrical needs of a typical, energy effi-
cient home (using 100 kWh per month) for three days. This much serious energy
would easily resolve the problem of “powering the farm” without fossil fuels
or draft animals. One farmer could conceivably farm three or more acres and
therefore feed twelve or fifteen non-farmers. He and his family could also enjoy
a “modern” lifestyle without physical exhaustion and go for a ride in a battery-
electric-vehicle (bev) once in a while and/or deliver food to villagers. It could be
done ... except:

ENERGY STORAGE AND BATTERY RECYCLING,
the ACHILLES HEEL

As with all forms of energy, storage is the critical weakness. You cannot borrow
new incoming energy from the future for use today. This is why a debt-based
financial system is illegitimate for the future purchase of energy in an age where
energy is declining. Except for direct solar heating, which provides warmth only
when the sun is shining or for a few additional hours from an adjacent warm mass,
the needs of all humans are far greater than can be supplied on a 1:1 ratio from the
weak, sporadic power from direct solar radiation. Plants address the energy storage
problem with photosynthesis. This is the chemical process of using incoming radi-
ant energy to combine atmospheric carbon dioxide with water to form and store
high-energy complex carbohydrates.

The increased molecular weight of carbohydrates makes these compounds solid
and stable (for a while) at normal ambient conditions and therefore possible to
concentrate and store substantial quantities of energy for future use. A subsequent
exothermic chemical reaction with oxygen (burning or metabolizing) releases the
stored energy much faster (higher power) than it was slowly accumulated as solar
input. The energy can then be used when we need it to keep us warm, fed, moving
around, procreating, and all the other wonderful and bad things we do as intelligent
primates.

The preferred method of electrical energy storage in the industrial age is the
ubiquitous battery which uses a chemical process to store and supply electricity
as needed.
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Lead-acid batteries

The rechargeable lead-acid (L/A) battery has been the work horse for a century. If
treated well and not deeply discharged, it can have a useful life of up to ten years.
On the debit side, it is heavy, environmentally hazardous, inefficient, temperature
sensitive, slow to recharge and quickly degraded if discharged quickly. But, there are
millions of tons of lead in the world and lead can be recycled.

Our refusal to understand and tackle the lack of local recycling for L/A batter-
ies may well be the one and only reason it will not be possible to segue from the
oil age to a much lower energy solar electric future. It’s that simple! Following
that disturbing line of reasoning, I wrote directly to many who should be equally
concerned, including the magazine Home Power, American Society of Solar engi-
neers, Battery Council International, and numerous battery companies. None ever
responded. Will anybody out there help address this critical subject?

In the first editions of my book 7he End of Fossil Energy, 1 showed, quantitatively,
that one 4 kw PV array (as on one of the suggested 40 million homes) could
supply enough energy in one year to provide the heat of fusion to smelt 264,000
pounds of lead, enough for 4,000 batteries in a local community. This is not
rocket science. L/A battery recycling has been around for a century. If we were really
smart, we would start immediately to simplify the L/A battery into several standard
12 volt designs that could be easily rebuilt (recycled locally) with maximum safety.
Perhaps the container (plastic or wood) could be reused and the plates easily cleaned
to salvage the sulfur. You can search web sites discussing this understandably-hazard-
ous subject, even for do-it-yourselfers.

Electricity is not an energy source, but it is unique for instantly conveying energy,
or for converting energy from one form to another like solar-electric input to me-
chanical output or heat. But, even more so than with natural gas or hydrogen which
have minimal energy content and vary limited capacity for storage, electrical power
needs to be used exactly at the time it is produced unless converted and stored
as another form of energy like the batteries discussed above, a dam of water, or
a mechanical flywheel. An exception is a capacitor which can accumulate electrons,
but only at a very low energy level. If we are to rely on PV-powered homes or wind-
powered utilities, we must focus on storing and smoothing the sporadic, intermit-
tent incoming power and make it available as a continuous supply of dependable
energy at the desired power level. Hydro electric power (and pumped storage) have
done this for years. But hydro is only another form of limited and dilute solar energy
collected from a very broad higher elevation land area, conveniently concentrated
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behind a dam. It can then be released as needed to flow downbhill through a turbine
and convert kinetic energy to electricity.

Residential storage

As we plan our idealistic solar-powered homes (for those few who can afford them)
the storage problem is conveniently circumvented with grid-tied or fossil-fueled gen-
erator backup. For those few purists who are off the grid and no longer wish to or
cannot access generator fuel, the only alternative is the same venerable battery, which
inefficiently converts electrical energy to chemical energy and back again as needed.
Chemical batteries are very inefficient if cold or not serviced regularly. In the future,
after the fossil-fuel and nuclear ages, we will have to rely entirely on incoming solar
(as PV, thermal, wind, hydro, and even biofuels) for all our electrical energy. Other
than pumped hydro-storage or as energy stored in wood, giant flywheels, or caverns of
hydrogen gas (the leakiest most reactive element of all) only the ubiquitous chemical
battery can do the job. Considering the time-frame available, wealth to scale-up, and
material tonnage (raw or recycled) required, the L/A battery is the still the best realistic
candidate. The cost, raw material access, and transition time to lithium would limit
that higher energy-density alternative to specialized applications as discussed later.

More battery concerns

Because of economics of scale and environmental hazards, all L/A battery recycling
is concentrated in a handful (less than a half-dozen?) huge recycling facilities like
the one operated by East Penn Manufacturing Company in Lyon Station, PA. This
arrangement works fine as long as the system is supported by a backbone of
low-cost fossil-energy. All we have to do is jump in our car or truck, trade-in the
batteries at our local Walmart or specialized battery supplier, and we're good to go.
Meanwhile, diesel-powered trucks accumulate the trade-ins, truck them thousands
of miles to fossil fuel-powered recycling plants, and return with replacements.

Now, consider a very low-energy future, ultimately without any fossil fuels, but
totally dependent on localized subsistence. Very soon our PV and battery-powered
home, car, or tractor will need new batteries. Our tired battery-powered car or truck
can't make it to a local supplier (if there is one) because the on-board batteries can
no longer store enough energy from our personal, distributed PV system. We would
have to call the local source and request delivery of the correct size. But the en-
ergy for delivery would also have to be battery powered. Remember, motive power
and energy storage without fossil fuels are nearly impossible challenges. The L/A
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battery replacement function could conceivably be done locally only if it is carefully
thought out and planned long in advance. An absolute essential for every commu-
nity center will be a L/A recycling facility, itself powered by local solar, wind or
hydro power. The transportation of heavy batteries can not be more than about
30 miles, one-half the range of a battery-powered truck ... unless, we carefully
nurtured biofuels or hoarded (rationed) remaining fossil fuels specifically to support
a solar-electric society.

To repeat, all L/A batteries are picked up and shipped long distance to one of a
handful of huge, environmentally-friendly recycling centers. New batteries are re-
turned by the same diesel-powered 18 wheelers. How can this be done without
liquid fuels? Battery-powered trucks? And worse, like other toxic processes, we ship
a substantial part of our battery recycling needs on to Mexico. According to a report
from the NGO: Occupational Knowledge International, 261,000 pounds of used
batteries (12% of all used batteries) and other lead scrap were shipped to Mexico to
avoid the stringent environmental regulations in the U.S.

Lithium batteries

No discussion of electro-chemical energy storage would be complete without refer-
ring to lithium, the conventional wisdom for residential storage and personal trans-
portation in the post-oil days. A recent book by Seth Fletcher, Bottled Lightning, is
an excellent source for every aspect of the subject. I learned a great deal; for instance,
there does not appear to be a shortage of Lithium in the world with vast deposits in
Bolivia, Chile, China, and Nevada. Possible variations including li-sulfur, li-silicone,
and li-air keep the dream going for a transportation future with lighter-than-gaso-
line energy and a 500 mile range. But remember: a lithium-powered future cannot
possibly work without the time and immense capital investment for a transition.
Besides, how can the lithium be mined and processed without ... oil? As my book is
finalized for publication in 2016, lithium batteries have made the national headlines
with a rash of fires in the just-introduced hoverboards. Charging and storage of en-
ergy in lithium batteries are notoriously dangerous.

WHERE DOES THE ENERGY COME FROM?

If we ignore or accept the electric vehicle limitations of range, cost, recharging in-
frastructure, and recycling; we must still come to grips with the energy-source prob-
lem. There is not nearly enough wind, solar, or hydro electric to meet even today’s
residential requirements without the “spinning reserve” of natural gas, coal, and
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nuclear. Where would the additional energy for transportation come from other
than a small distributed personal PV system as described above?

How could the massive infrastructure for manufacturing and charging electric ve-
hicles be funded? Would this investment come from oil companies, our government
already in nineteen trillion dollars of debt, or consumers most of whom can hardly
afford their next tank of gasoline? In what time-frame could an electric automo-
bile system be built considering the imminent crash of our oil-powered civilization?
How will highway maintenance be funded without a fuel tax? Why should a few
wealthy buyers receive a rebate and, in effect be subsidized by all taxpayers, to pur-
chase electric vehicles or install solar systems?

Complex battery management and fire hazard are additional major obstacles along
the fantasy-road towards lithium. Or would we rather pin our hopes on Tesla and

Elon Musk?

Other safety concerns

I have been asked for plans to build battery-electric cars or tractors. I won't help for
two reasons other than not having the time or a commercially-acceptable product.
First, anything above about 48 volts dc becomes extremely dangerous. A dc arc
does not change polarity 60 times a second like ac. It just continues to arc over a
longer gap and you can’t let go! It will kill you instantly. In order to achieve adequate
power for a car or tractor, ten 12 volt batteries in series are perfect. The total 120
volts dc brings the current down to, at most, 100 or 150 amperes, good for twelve
kilowatts or sixteen horsepower. My “concept” vehicles are very dangerous and I
never have “hot” male terminals or plugs exposed. Any home-built or commer-
cial vehicles have to address these serious liability problems throughout the circuitry
all the way back to a PV array or a 120 volt grid-charging, full-wave-bridge rectifier
which I have built and use. Secondly, electric-powered vehicles do not have the com-
pression braking we all expect from an internal-combustion engine. If you let up on
the “gas,” you just keep rolling. Perfect brakes, evenly applied to both rear wheels in
a tractor, are critical. You can't put ‘er in low gear going downhill with a big load of
wood or hay and turn the key off and slow down with engine compression.

Normally, a charge controller is also used for PV charging, but I have never used one
with my solar-charged vehicles because the battery pack storage is so large compared
to the PV array input that overcharging is not an issue.



CHAPTER 5 A Solar-Electric Future 69

Solar-electric infrastructure

The next confrontation with reality in a solar-electric future is the complexity and
availability of the myriad parts and materials that make it work. Everything from
trace elements, to copper wire, to steel hardware and fasteners, to solid-state con-
trollers, and on and on, are essential pieces of the whole high-tech system. All of
these bits and pieces, in addition to PV cells and panels, will have to be avail-
able without the support of an oil-based society. This would be like going into
a self-sufficient space-vehicle (the earth?) without a repair/support facility or parts.
We must conserve (ration) finite oil and prepare for a long overlap into a solar-
electric age. Many critical parts and materials should be stockpiled in advance.
Non-energetic critical commodities will be needed and they, in-turn, are finite and
need oil to mine, ship, and process as discussed in Chapter 4. Who will plan and
pay for this nation-wide, forward-thinking leadership in our short-term, profit-mo-
tivated capitalism?

Wintertime blues

In the northern latitudes we also have to face the challenge of surviving the low-solar
cold season and become less dependent on declining fossil fuels and utility-grid elec-
tricity but more dependant on stored food and biomass. Winter is when PV panels
are most efficient. They produce more power at low temperatures because internal
resistance is low. But, on the flip side, the days are short and frequently cloudy. It is
often a challenge just to harvest enough incoming sunlight to keep the L/A bat-
teries from self-discharging, sulfating, and freezing. There may be a sunny bright
stretch of days with enough extra solar energy for a ride in a solar-powered car, but
there will definitely not be surplus energy for occupant heating or vehicle lighting at
night. Without oil (or a horse) we will stay put as in the “old days.” At least we can
go cross country skiing, enjoy our low-power LED lights, entertainment center, and
modern communications, as we put another piece of wood in the stove and contem-
plate “one child per female” (1 cpf) as discussed next in Chapter 6.

Besides, how and why would the roads get plowed when oil distillate (diesel) be-
comes scarce and expensive? What types of vehicles will use the roads? Considering
the number of trips required by a typical diesel snow plow, it takes upwards of
several gallons of fuel over the winter to clear each mile of road into four-foot
snow banks. These solid piles of snow represent “stored energy” lost forever to
melting in the spring. Like heating and travel, this is just another form of wasted



70 PART III Downsizing U.S. Oil Consumption

energy with no system-growth to show for it; all the more reason for gasoline ration-
ing to restrict system-contraction as in the “energy barrel,” (Figure 11 in Chapter 7).
Several years ago I built a solar-powered snow-machine pulling a 48 volt PV sled-
array. With four heavy, cold, L/A batteries, it did not have enough stored energy to
push uphill through new snow without quickly discharging the batteries.

A “solar-slave”

Sometimes, with further thought, seemingly crazy ideas make considerable sense.
Consider the following “stimulus” proposal: The U.S. government will give,
each year as a graduation present to every high school senior, a U.S.-made, 100
watt PV panel. The approximately three-million panels at $100 each ($0.90 per
watt plus shipping and economy of scale) would cost three hundred million dollars
per year, barely any different than already lost in life-support for Solyndra.

This investment in future solar is about three-percent of our annual ten billion
dollar budget to build fifty F-35 fighter jets. What will fuel these planes of the
future, algae, switch-grass cellulosic ethanol? Think of a jump-started market

flooded with PV:

* The next generation of job-seekers will have an introduction to future, post-
oil energy.

* At an average, nationwide, capacity factor of 15%, the annual energy
contribution from each panel would be 130 kWh (11 kWh per month).
Referring back to the table at the beginning of this chapter, think what
could be powered with that much energy: an electric bike, LED lights,
communication, water pump, home refrigeration, all on a minimal off-grid
“survival” basis.

* In effect, each recipient owns a personal slave, with equivalent power greater
than one strong human, for upwards of forty years. There is no need for

shelter, clothing, comfort, security, replacement, food-energy with dismal
EROEI, and other human needs.

* A “street market” would immediately evolve for selling or buying panels as
well as peripheral needs like switches, controllers, inverters, and electronic or
analog meters.

* The battery recycling problem would be given the serious attention it
deserves.
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* At $0.15 per hour (today’s electricity cost), one panel would offer an energy
value of $1.65 per month for an effective pay-back time of about five years.
Each recipient owns a tiny energy business.

e The U.S. PV industry would be given a solid jump-start; pull instead of
push.

* Best of all, the American economy and conversation will be turned toward
a sustainable, non-polluting, optimistic future instead of dependence on a
waning oil age.

* A supplemental or companion program might be for our government to
offer the same U.S.-made panel to any U.S. citizen for half price of about
$50.00 each. This offer could be made on a one-per-person basis up to
a specified annual maximum. At a million panels per year, the cost to the
national budget would be fifty million dollars, a pittance considering the
jump-start the program would make toward a solar-electric future.

How do ideas like these get traction? Only by grass-roots activism and exponential,
self-feeding networking: A “movement.” It’s up to you. Remember the two basic
themes of this book: U.S. gasoline rationing and local lead-acid battery recy-
cling are absolutely fundamental to an acceptable transition beyond the oil age.






CHAPTER 6

Population and Per Capita Oil Consumption

BACKGROUND

This book joins a growing body of evidence that teaches we are at the peak or
broad plateau of maximum world oil extraction. This precarious ephemeral pe-
riod in the epoch of recorded human history, itself only a tiny fraction of lon-
ger archaeolocal time, signals the end of energy-dependent growth. Oil and the
myriad petroleum-based products we have become so dependent on, in just the last
century, are critical and fundamental to our modern lifestyle and all other energy
sources. These undeniable facts are further exacerbated by a debt-based financial
system, also dependent on continued growth and which cannot function without
cheap and abundant energy, specifically oil.

This opening statement is ominous enough, but it does not include the concurrent
three-fold explosion of world population also in the last century, a little over one
human lifetime. It is totally incomplete to focus only on the contemporary peak
and imminent decline of geologically-finite oil while human numbers continue to
steadily increase. The purpose of this Chapter is to develop a quantitative view
of the second half of the oil age juxtaposed against various scenarios of con-
tinued population growth. The specifics of peak oil are frequently marginalized
or ignored by population activists and visa-versa. Both subjects can be lost in the
drum beat of environmentalism, and climate change. Obviously, all are related and
extremely complex. The main-stream public hears only confusion and non-quanti-
tative panaceas.

POPULATION GROWTH VS. OIL EXTRACTION

Starting back with Figure 7 in Chapter 4, shown are eight different rates of popula-
tion growth and possible decline by age and fertility rates ranging from three chil-
dren by each female (3 cpf) to no children (0 cpf). Contrasted, in heavier lines, are
three curves of projected world oil extraction. The basic middle curve “H” is the
decline expected for the second half of the oil age and typical of any finite-resource

73
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extraction. This phenomenon for oil extraction is well established as Hubberts
Curve. The area under the “H” curve, beginning in 2012, now at or near peak, has
been optimistically justified because of higher oil prices and more expensive extrac-
tion technologies. We are led to believe there are 1.3 trillion barrels of remaining oil.
This prediction can be substantiated by the fact that we have already used over
one trillion barrels in the first half of the oil age and the world extraction rate
of conventional oil, as shown in Figure 3, has hardly increased since plateauing at
75 million barrels per day (or a billion barrels every thirteen days) in 2005. In just
the last twenty years, about one generation, the world extracted and consumed
about half the trillion barrels used so far in the total oil age.

The suggestion of an imminent end to the oil age is so ominous and alarming there
is a strong counter-movement underway to debunk these numbers. Obfuscation has
increased by the inclusion of non-conventional oil and other liquid fuels. We will
never use the last barrel buried somewhere in the earth, but there is no denying that
remaining oil is becoming increasingly expensive to extract, both energy-wise and
financially.

Ol extraction

Curves (NO) in Figures 4 and 7 show the net oil available for use, after steadily-
increasing oil (or energy equivalent) input of one percent per year yields even
less usable oil output than curve “H.” This is called Energy Returned on Energy
Invested (EROEI) and shows a more accurate, but dire picture for the timing and
availability of remaining oil in just the next 50 years. The third oil curve in Figure 7
(NO +1/2 trillion barrels) and shown by shaded squares, gives a one-half trillion
additional surplus, benefit of the doubt, to the optimists (energy “experts”,
politicians, and economists) who argue that improved technology and new
discoveries will prove Hubbert grossly wrong. None of the three curves shows
any increase in the annual rate of world oil extraction, thus signaling an end to
unprecedented oil-based growth as in the last century. The curves shown are for
conventional crude oil and not liquid byproducts of natural gas extraction like “con-
densates” and natural gas liquids (NGLs). Non-conventional liquids like biofuels
and tar-sands oil are not included because of their low EROEI and minimal effect
on the conclusions.
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Population growth
(new, unique, quantitative methodology, not extrapolations)

After spending much time trying to find, and/or not believing population projec-
tions that didn’t make sense, I developed my own spread sheets to provide numbers
I could trust.

Eight combinations of possible future population projections are shown in Figure 7.
They were calculated using the following starting point and ground rules:

1. A “snapshot” of time (shown as 2012) defines the beginning point for each
series of calculations.

2. Two demographic profiles are used. They differ by percentage of the to-
tal population divided into different age groups sometimes called cohorts.
Obviously, if we start with a profile with mostly only young people just en-
tering their reproductive age, there will be a much greater population bulge
(total number moving forward) than if the starting profile is made up of
only middle aged grand parents and seniors just beginning to die off. For
my analysis I picked two different starting profiles; one from world, and one
from U.S. census data. The younger demographic profile (ydp) is typical of
the world as a whole. The older profile or distribution by age (odp) is for the
U.S. To Summarize, the percentage of the total population by average age in
each age group (cohort) is as follows and shown in the lower left corner of

Figure 7:
YOUNGER DEMOGRAPHIC PROFILE ~ OLDER DEMOGRAPHIC PROFILE
Years 0 to 20 40% 32%
Years 21 to 50 43% 47%
Years 51 to 80 17% 21%

3. The average age at reproduction is 25 years old, that is if each female has only
one child (1 cpf) that would be when she is 25. If she has 2 children, one
might be at 24, and one would be at 26. Of course, in real life, there will be
some females having children in their thirties, but this would be averaged by
teen childbirth and the math and the conclusions would not change. Child
gender distribution is assumed as 50/50.

4. The average age at death is 80 years old. Some may die at 65 and others at
95. The total, average numbers remaining to be fed until 80 would be the
same. The luxury of modern health care leading to unprecedented old age



76

PART III Downsizing U.S. Oil Consumption

has been labeled “death control.” At this point the crux of this entire popula-
tion discussion will be emphasized one more time: We can’t simultaneously
have both traditional fertility rates and modern old age. A quantitative
law jumps out: It is numerically impossible for any closed society (no im-
migration or emigration) with a typical age distribution profile, like the
world or even the U.S., to reproduce at a rate greater than an average of
one child per female (1 cpf) and avoid increasing population in the near
term future, if the members expect to live to be grandparents and great
grandparents.

It is true, and conventional wisdom, that a fertility rate of two children
per female (2 cpf) will eventually level off at a “replacement” level. But, as
shown in Figure 7, this would take about fifty years and the final, stable,
closed-society population would have increased by thirty percent and
not decline thereafter. We can’t live to be old with modern healthcare and
adequate food and concurrently have more than one child per female (1 cpf).
Each of the increasing populace will be competing for a maxed-out food sup-
ply. It’s been shown, historically, that it is impossible to support increasing
numbers without, at the same time, inevitably degrading the agricultural
base (carrying capacity).

History teaches of numerous “crashes,” “collapses,” and “overshoots.” This
is already happening today in large parts of the world while, at the same
time, we are leaving the artificial, oil-based energy level that made the
excess population possible in the first place. Our short oil age has facili-
tated old age in many ways; sharply reduced manual labor, dependable year-
round nutrition, improved health care, and reduced infant mortality. We
would all like this lifestyle to continue.

. It should be clearly understood that the above ground rules, conclusions, and

methodology hold true regardless of the original, numerical size of the
closed society. I conveniently selected 7 on the digit scale, beginning at zero,
on the left-side “y” axis to represent the world, the largest undeniably-closed
society which has presently swelled to over seven billion people. All sub-
societies as a part of the finite world must together average to equal the world
growth or decline numbers. Some local societies may grow more, some less,
but each will have to follow the same methodology. Some, like China, may
attempt to take control of their population destiny. Others, like sub-Saharan
Africa, will just let nature take its course and, without additional energy and
food input from somewhere else, must suffer the inevitable consequences of
exceeding their regional carrying capacity.
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6. Another reason for using single digits on the “Y” axis is to show world oil
extraction in tens of millions of barrels per day on the same graph. This
shows clearly how population continues to increase while the temporary, two
lifetime (eight-generation total) oil age is about to enter into its second half.
All societal subgroups will experience the growing tension (gap) between in-
creasing population and decreasing oil. An idealistic, “localized” community
of seven-hundred, or an autonomous nation with seventy-million, even if
each has bountiful food resources for their present population, must ulti-
mately respect the same numerical limitations of reproduction.

When times are good, like any species, human population increases to the lim-
its of carrying capacity. The excess numbers begin encroaching on their neigh-
bors or suffer Malthusian “misery.” All it takes is a climate event or poor land-
use to trigger disaster.

The math

This section is included to show the methodology. To repeat, the conventional
wisdom that a “replacement” fertility between 2 and 2.2 will suffice is danger-
ously false. (Fast forward to the next section to avoid the details.)

It is simple, but tedious, to do the numbers using the above ground rules. Examples
follow so anyone can verify the population curves shown graphically in Figure 7; or
use a different demographic starting profile than the two shown.

Referring to the younger demographic profile (ydp), typical of the world, we see
40% of the total population is in the cohort between 0 and 20 years or 2% per each
year. Likewise, there are 43% /30 (divided by 30) or 1.43% each year between the
ages twenty-one to fifty, and 17%/30 or 0.57% per year between the ages of fifty-
one to eighty. At the end of the first year, each female who reaches 25 gives birth to
her only child (1 cpf). Because 1.43% of the population is now 25 years old, the
female one-half of this age group (1.43%/2) or 0.72% of the total population will
be added as new babies. For instance, if the closed-society population was 1000,
7.2 new babies would be added.

In this same first year, 0.57% of the population, male and female, would die leav-
ing a gain of 0.72% minus 0.57 % or a net increase of 0.15%. This does not sound
like much, but the significant point is that the population continues to increase
even with a fertility rate of only one child per female (1 cpf). As this birth minus
death rate continues for four more years, the net gain in five years would be 5 times
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0.15% or 0.75%. Our hypothetical population of 1000 has now grown in five years
to 1007.5 people. If we did similar math for a fertility rate of two children per fe-
male, our community of 1000 would grow to 1043 mouths to feed in five years,
hardly sustainable with a fixed agricultural base. Similarly, in five years, a world
population of 7 billion people will grow by 301 million to 7.3 billion people.

When we enter the sixth year of our model, things get more complex because the
original twenty year olds are now reaching the average reproductive age of 25, and
there are more of them. At the same time the numbers reaching the average age of
80 are the same as the first five years. Using the younger demographic profile (ydp)
typical of the world, there are 40%/20 years or two-percent per year of the total pop-
ulation turning 25 years old. Of these, one-half or one-percent are females. If each
female has one child and die-off continues at 0.57% per year, the net gain each year
is one minus 0.57 or 0.43% per year. This average pace will continue for the next
twenty years until the last original female baby, less than a year old when we started
twenty-five years ago, reproduces. At this rate in the next twenty years, population
would increase another 20 times 0.43% or 8.6%. Our original hypothetical popula-
tion of 1000 would add another 86 mouths to feed in addition to the 7.5 increase in
the first five years, for a total increase of 93.5 in twenty-five years, with a fertility
rate of only one child per female! With this model, the starting world population
of seven billion will increase to 7.654 billion.

In the 26th year, for the first time, the female babies born in the first year become
mothers, and our original mothers become grandmothers. Of the 0.72% of the
population born in the year one, only one-half (0.72%/2) or 0.36% are females. If
each mother continues the one child per female model, there will only be 0.36%
of the population added as new babies while, at the same time, the death rate at 80
is still 0.57 % per year. This contrast finally leads to a negative population growth
of 0.36% minus 0.57 % or a negative 0.19%. per year. For the next five years this
downward pace will result in a total population reduction of 0.95%. Our original
community of 1000, that had grown to a peak of 1093 will now begin to decline by
the year thirty to 1084 people. For example, a world population starting at 7 bil-
lion would pass maximum population and then decline to 7.588 billion, but it
took thirty years even at only one child per female!

Conclusion

By now, the mathematical methodology presented should be clear. In the graph
(Figure 7) the numbers are continued for 80 years, two different starting age pro-
files, and five different fertility rates. The conclusions are profound and disturbing.
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Any closed community, nation, or world, living near the limits of its dimin-
ishing finite resources, specifically, energy and fuels, non-renewable minerals,
arable land, and water, cannot reproduce more than one child per female, and
simultaneously live to old age without exceeding its carrying capacity. To re-
peat: a society can’t have it both ways! This conclusion may, in a nutshell, be a
short history of, and future prediction for, the world including all closed-loop,
smaller communities. Constant ignorance and violation of these basic math-
ematics have repeatedly led to starvation, war, genocide, ecological devastation,
infanticide, deprivation, misery, and even cannibalism. The entire world is now
entering this tipping point. Unrest in many parts of the world including Africa,
the Mid-East and American inner cities are clear manifestations of undeniable
mathematics.

PER CAPITA WORLD OIL CONSUMPTION

A simpler, conclusive way to combine the contrast and imminent divergence be-
tween increasing population and concurrent declining energy is to divide the total
world oil consumption by total world population. Even one barrel of oil per capita
would be completely game-changing in the long history of human and animal
muscle power. A single barrel of oil contains 42 gallons of extremely convenient
stored energy. This incredible amount is equivalent to 1,384,000 watt hours or 4.7
million BTU. It would take a human working continuously eighteen thousand (!!)
hours to generate an equivalent amount of energy. Admittedly, there are efficiency
losses in converting the oil-energy to mechanical work or heat, but an oil-powered
machine does not need to eat or stop for rest.

A pint or two of equivalent liquid fossil fuel energy would have been utopian to pre-
industrial humans. Now we take for granted thousands of gallons a year, for each
of us; convenient labor-saving energy but at wildly different rates throughout the
world. The per capita curves in Figure 8 demonstratively show the rise and fall
of the oil age in a two-lifetime span of 160 years. There was a little oil before
this time span and there will be little left afterwards, so for all practical pur-
poses, the total oil-age will be very short. Chapter 1 and Figure 1 introduce this
per capita analysis, especially the highly-skewed contribution of U.S. gasoline.

The demographic methodology for population momentum shown in Chapter 4,
Figure 7 shows that the continuation of a stable, per capita oil-energy availability
with any fertility rate greater than zero (0 cpf) cannot coexist with the ex-
pected decline in oil extraction ... no matter how optimistic the decline might
be! In the following Figure 8, the present world average, per capita extraction and



Downsizing U.S. Oil Consumption

PART III

ueds owmnajiy om1 & ur uondwnsuod [0 piom v1ided 1] § WNOII

(1eah 1ad sjasieq) uondwnsuo? 10 endes 1ad plaom

80

< JINILIHIT INO »(5102) < JINIL34IT INO >
|
,
060¢ 08 0L 09 0S )7 0¢ 0¢ 0L 0002 06 08 0L 09 0S or  0g61
(13043 01 anp seaf Jad
%1 J0 uononpai buipnjaui) \.\ 1
3 (1do) ajewsay sad uaippya g
A// Jensn se ssauisng,,
:ase9 3|qeqoid SOl
N (1eah 1ad sjalieq g si euiyq pue
(13043 4o} uoanpas o_.c o 1eak aad ji0 Jo m_.eaa ez sl
Y3l Sjalieq uoui 'L P uondwnsuod eydes sad
— (1d9) ajewsa} 1ad pitya &'} , SN juasaid :39udiajal 104)
:aseq ansiwndg ssa
-/ //
V/ ol
12| S|aileq uolju) g°| N\
(ydo) ajewsay sad pjiyd |
:9se9 ansiwndg 1SN
MON > | < K0isiH >
f




CHAPTER 6 Population and Per Capita Oil Consumption 81

consumption of less than four barrels per year, per human, is beyond peak by over
thirty years. Currently the most energy extravagant consumers, led by Americans,
each presently use (burn up) over twenty-two barrels of oil per year, six times the
world rate. In fact, Americans use about twenty-five percent of the world oil produc-
tion with only four percent of the population. China is gaining but still uses only
twelve percent of world oil with twenty percent of the population for a per capita
consumption of two barrels per person per year, about one half the world average
shown in Figure 1.

U.S. oil extraction and consumption

Because there is only one world, overall extraction and consumption have to
be the same. Therefore the per capita average is simply the ratio between usage
and world population. However, as shown in Figure 1, there are gross dispari-
ties between different nations that constitute this average. Some parts of the world
have achieved exceptional consumption rates typified by the lifestyle we Americans
take for granted. The references for the numbers are U.S. census data and the EIA
(Energy Information Administration).

The next graph, Figure 9, shows the historic first half and the projected second half
of the two-lifetime oil age for the U.S. lower 48 states and Alaska. Also included are
U.S. population numbers also reported by the census department prior to 2010 and
projected forward using the methodology explained earlier in this chapter. Also, as
a subset of the world, we in the U.S. have to deal with immigration and emigration
adjustments. The fertility-rate population projections and conclusions would be the
same for any autonomous nation. It makes no difference if the population is im-
migrant, white, black, religious, rich, poor, republican, or democrat. Everyone
has to eat. My analyses are intended to be absolutely apolitical. There are no
reasons why progressive or conservative mathematics are any different. Numbers
have no party affiliation.

A most important observation in Figure 9 is that, U.S. extraction did, in fact,
peak in 1970 at 3.5 billion barrels per year or 10 million barrels per day. This
is about one half the present consumption rate of 19 million barrels per day, down
from 20 several years ago. M. King Hubbert was publically derided for predicting
the U.S. peak back in the 1950s. But subsequent reality proved the veracity of his
techniques which are now the context for prediction of the peak of world oil, and
the second half of the oil age with the following provisos:

U.S. oil extraction has not exactly followed a mirror-image decline rate as would

be simply predicted by a Hubbert’s curve. New technology and eight-fold higher
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prices have eased the decline rate somewhat, but there is no argument that domestic
extraction of conventional oil declined by 2005 to half of the 3.3 Bb/y (9 Mb/d) it
was at peak. During the rapidly growing period from 1920 to 1970, oil extraction
increased by about four-percent per year. After peak in 1970, U.S. oil extraction de-
creased about one and one-half percent per year. By 2014, U.S. lower 48 states plus
Alaska extraction climbed back to 2.5 billion barrels per year or thirty-six percent of
our consumption of 7 billion barrels per year.

This is hardly “game changing” or a “revolution” as touted by the “Wizard of
Infinite Oil,” Daniel Yergen in his February 5, 2013 testimony to the House Energy
and Commerce Committee. The legislators and American public do not compre-
hend the magnitude of these numbers and are led to believe that a resurgence of
several million barrels per day will prevent the end of the oil age. In order to give
every benefit of the doubt to these optimists, the reduction of future US extraction
rate is projected (flattened) to one percent per year.

U.S. oil consumption (including, but far more than U.S. oil extraction) is contin-
ued forward in Figure 9 as one-fourth of predicted world consumption. Steadily de-
clining EROEI is not included although oil will continue to become more and more
difficult to extract. Also, in favor of the optimists for non-conventional oil, an
additional 300 billion barrels (0.3 trillion) are added beyond that expected in
the second half of Hubbert’s curve of world extraction. Continuing forward just
58 years to 2070, U.S. oil consumption would, as one-fourth the world extraction
rate, drop below the more-optimistic U.S. extraction decline rate of one percent per
year. By that time, total U.S. consumption would have to decrease by over eighty-
five percent and by then, in less than one lifetime, we either would have taken ex-
treme measures to decrease both population and energy consumption or total chaos
will have ensued, nationally and world-wide. (See the first four scenarios in Figure 2.)

Figure 9 also shows future U.S. population momentum at one child per female and
two children per female using the same methodology (including the eighty-year
life span) explained earlier in this chapter. (Present U.S. fertility is 1.86 cpf). Note
again (and again!) that the conventional wisdom of two children per female
“replacement rate” further exacerbates our predicament by increasing popula-
tion thirty percent higher than now, before stabilizing and not dropping. In
the last few years, in rounded numbers, the U.S. annual net increase is four million
births plus one million immigrants (one-half illegal), minus two million deaths, for
a net increase of three million per year (4+1-2=3). That’s 250,000 per month ad-
ditional jobs and food required just to keep from slipping backwards to more
unemployment and economic decline.
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Per capita U.S. consumption

The next graph (Figure 10) combines the extraction, consumption, and population
curves developed in Figure 9. At the bottom for reference is the “less optimistic”
average world per capita oil consumption for 1.5 children per female. The much
higher U.S. consumption of 25% of world oil is projected forward on the same
time-line at one and two children per female. Now we can see that 1 child per
female gives about a ten year delay before reaching the lower per capita consump-
tion as would be expected with 2 children per female. The continued attempt to
access 25% of world oil ensures we will continue our part in competition for
dwindling oil including directly-related foreign presence, geo-politics, territo-
rial conflicts, and deteriorating human-rights.

We can also see in Figure 10 that if the U.S. had to depend only on domestic oil
(the lower 48 states plus Alaska) for energy, we would already be closer to the
four barrels per year current average for the world. This supports the arguments
presented in Part I.

Americans are precariously dependent on foreign oil, including Mexico and Canada,
to continue any semblance of our unique energy-intensive lifestyle for a few more
years. A few extra billion barrels from ANWAR, off-shore, or tight “fracked”
oil will not change this dire prognosis. We will soon be forced, whether we like it
or not, to sharply reduce our use of oil, especially for non-essential and inefficient
transportation. In Chapter 7, the argument is made for coupon gas rationing as the
only way to quickly begin an equitable reduction in oil consumption regardless if it
comes from domestic or foreign sources.

As the oil age winds down, our food system will be seriously impacted because it
will no longer be possible for one farmer to feed 300 people thousands of miles
away. To repeat the continuing theme of this book, the best we can plan for is that
the U.S. carefully nurtures its remaining oil endowment by drastically reducing
consumption, reduce fertility rates, seriously limit immigration, move to local
or personal agriculture, and begin immediately to segue to a more expensive
(than fossil energy) solar-electric future. Of course, none of these are likely to
happen, let alone all in tandem, without a grass-roots education effort, “It’s Up to
You.” Although the whole subject of transitioning to a post-oil age seems hopeless
does not mean it should not be clarified, quantified, and publicized for reference in
the near-term future as reality becomes apparent.
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The only answer

To repeat, it should be clear that the only way Americans could significantly
mitigate the end of the oil age beyond one lifetime is to sharply reduce per
capita consumption from our present profligate level of twenty-two barrels per
person per year to the world average of four as explained in Chapters 1 and 2.
This is why the low-energy, solar-electric system described above must quickly ex-
tend and overlap waning oil. This is why we must begin to ration oil consumption,
starting with gasoline, so everyone has to pitch in. If we were to reduce U.S. per per-
son consumption to the world average of three barrels per person per year, and with
our population growth reduced to a fertility rate of 1 child per female, scenarios 5
and 6 in Figure 2 show a U.S. oil age extending between 55 years (still less than the
lifetime of a child born today), and possibly much longer. The difference, of course,
depends on how much (and at what price) domestic oil remains and how carefully
we nurture what’s left for our descendants.

THE HISTORY of BIRTH CONTROL and OTHER VOICES

The ultimate societal challenge through the ages has been to control and reduce hu-
man reproductive rates to a level commensurate with finite and now-declining en-
ergy supplies. This will take massive education, peer pressure, and honest leadership
within a closed sovereign national or regional society. Everyone must be involved.
Those who are not, only exacerbate the predicament, guaranteeing that all will be
dragged down together. For a regional society to succeed in rising above a larger col-
lapsing world civilization, it will also have to be diligent in controlling immigration
from envious foreigners.

The bibliography at the end of this book includes many titles specific to population;
starting of course, with Thomas Malthus who has been almost forgotten in the last
two-hundred years because of new lands, high-tech agriculture, and most signifi-
cantly, the sudden utilization of fossil fuels.

Modern contemporary authors are Paul Ehrlich who wrote the best seller 7%e
Population Bomb, and Meadows et. al. The Limits of Growth, first published in the
seventies. Since then, both these authors were “proven wrong” because the vast po-
tential of the world’s finite resources and the technology of the “green revolution”
had yet to be fully realized. Now, their voices are ringing true. More recently is the
extensive body of work by my good friend and mentor, the late Albert Bartlett sum-
marized in the book 7he Essential Exponential. He has given thousands of lectures
throughout the world about the mathematics of population growth. These can be
found on youtube.com.
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Another contemporary author who integrates both sides of the population-resource
equation is Lindsey Grant; 7he Collapsing Bubble and Too Many People. He is a con-
tributor to the U.S. non-governmental organization (NGO) Negative Population
Growth (npg.org) which focuses directly on the subject. Another U.S. NGO is
World Population Balance (worldpopulationbalance.org). I have an older book pub-
lished in 1980 by M.Bayles Morality and Population Policy which raises the obvious
question of why we should not have a moral obligation to future generations to leave
them a tolerable world-balance of resources and consumers.

From the UK, several of the best references are: 7he Rapid Growth of Human Populations
by William Stanton, and 7he Growth Illusion by Richard Douthwaite. Similar work is
spearheaded by the Optimum Population Trust (populationmatters.org)

The recently published book Countdown by investigative reporter Alan Weisman is
an amazingly comprehensive, first-hand, 500 page summary of world population
problems.

The only possible way to achieve 1 cpf in a modern free society is with vast educa-
tion, publicity, and peer pressure. The public must realize that every child born
today will not only compete with everyone else for resources, but their parents
will still be here to suffer with them in a world becoming much more difficult.
Isolated bunker mentality will not survive the coming tsunami because of the limita-
tions of localization as discussed in Chapter 9.

Blame the messenger?

I often wonder why I continue this unpleasant mission; but always come back to
the conclusion that our best gift to those already alive is to define how we could
extend and possibly supercede the oil age by quantifying the facts and solu-
tions, including fuel rationing and population control. The weatherman’s job is
to foretell the future regardless of how unpleasant, so listeners can plan accordingly.
We don't blame or ignore the forecaster.

Taboo subjects: sex vs. population?

We are a society saturated with sex. We joke about sex and are constantly bombard-
ed by advertising, clothes, and entertainment in the same mode. But, we dare not
discuss “private”, personal decisions that question family planning and more
mouths to feed. The innate desire to mate is one of the most dominant drives of
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any species, especially among males. Attracting mates, fleeing from danger, accessing
food, and protecting or raiding territories are all genetically “hard-wired” in males
for the perpetuation of the species.

Most males have no concern for the numerical outcome or future for the union
between thousands of spermatozoa and millions (in the case of fish) female eggs. A
few centuries of “modern man” cannot erase eons of successful competitive survival.
It takes hundreds of generations for the genetic code to slowly adapt to changing en-
vironment, but the basic impetus to mate is always lurking, only recently tempered
by the social mores of civilization. This may be why individual or team contact
sports from gladiators to football, or violence thrive as entertainment. They satisfy
the basic urge to conquer the other guy and bring home the spoils to a cheering
family. Alternative sports which test individual speed of travel, or compare compe-
tence in overcoming natural adversity seem better than beating-up on each other.
Modern gun culture may bridge both genetic drives: who is the best individual
shooter ... inferring the best chance in accessing food, or who can defeat (kill) the
other competitor?

We might summarize this line of reasoning with a hypothesis: “higher intelli-
gence” is a prerequisite for population control necessary for a long quality life
in a closed society staying within the limits and carrying capacity of its own
indigenous fragile resources. The antithesis is “less intelligence”which breeds
greater numbers and thus overwhelms the visionaries (and resources) who are
striving for long-term sustainability ... higher intelligence loses, less intelli-
gence wins, overshoots, and collapses!

In our great wisdom, we neuter our pets and cull our farm animals to restrict popu-
lation within obvious limits. But now civilization is at the threshold of catastrophe
because the decline of fossil-fueled food, and the longer-term context of climate
change. There are those who argue that if we all live and eat like marginal third
world people, or invent new ways to manipulate agriculture, we will be able to feed
the nine billion mouths projected by the UN in 2050. Assuming these alternatives
are possible and the crowding is acceptable, what comes after 2050, one half a life-
time from today? Sooner or later, any growing population must respect the limits
of earth’s finite carrying capacity. If not the result, as Malthus named it, is “misery.”
We can argue that peak oil, peak food, and Peak Everything per Richard Heinberg’s

book are here, now, but are we ready for “peak sex”?
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One child per male

I for one am all for continuing sex, but not population growth. In my opinion, the
better way than one child per female (1 cpf) is to switch the gender responsibility
for the future of humankind to one child per male (1 cpm). In modern times, the
answer is so simple: after his only child, every male gets a (free?) vasectomy. After
an hour in the Urologist’s office and a couple of days of discomfort, life goes on
... without social disruption, abortion, abstinence, frustration, unpredictable birth
control, unwanted children, and extra mouths to feed. In addition, the single child
will be the focus of all the love, attention and resources from both of his/her
parents in the near-term challenging future. I bet most forward-thinking females
would welcome the idea.

Sounds simple but, like gasoline rationing, the devil is in the details. We still have
to respect the traditions of religions as with Amish and Catholics. Will they out
populate those making a conscious effort to provide a better life here and now, for us
and our descendants? Who is sacrificing what, for whom? Low birth rate is already a
fact; nearly down to 1 cpfin some countries like Italy, Japan, and Russia. Can 1 cpm
be enforced as by law, peer pressure, or tax credits? The vasectomy can be reversed
if the single child dies. At least the topics of 1 cpfand 1 cpm should be openly de-
bated as in China and Japan for thousands of years. The autonomous groups that
best resolve the declining-energy, increasing-population paradox will prevail in the
coming years.

Scale of implementation

Following are five levels of human living-arrangement from the scale of the entire
world of seven billion, down to the individual and/or including the immediate fam-
ily of, at most, a few dozen people. I've listed my opinions regarding the chance of
success for each to survive the population-resource challenges we face:

1. WorLD (global): There is no hope for the world with more than seven
billion humans to reach and enforce any mutual agreements regarding
resources and population. There are far too many differences in religion,
culture, proximity to each other, natural resources, language, and wealth...
all interacting with the innate tendencies for procreation, survival, and greed.
Suggested reference: Dawkins, The Selfish Gene. Attempts to prove other-
wise like the U.N. are tentative and ineffective. Wars are the results of dis-
agreements and differences. A world-wide plan for rationing or Depletion
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Protocol (see the book by that name by Richard Heinberg) offers little hope

for bridging disparate international interests.

. NartioNaL: Individual, autonomous nations like the U.S., or several with

close cultural, resource, and language ties, are best suited to survive a
post-peak-oil future. The U.S. combined with Mexico and Canada would
fit this category. They are large enough to have substantial natural resources,
shared national security, food supply, crop diversity, complex manufactur-
ing, and resilience to climate change. Each could ration critical resources
with or without broad international cooperation. Singular nations, or close
coalitions will have to defend their sovereign borders within common to-
pography to control immigration. They have a better chance to integrate the
knowledge, resolve, and support of the majority of their populace behind
effective or common leadership. Physically, this intermediate size will be bet-
ter prepared to survive a low-energy future especially with sharply curtailed
travel and long-distance trade.

. REGIONAL OR STATE: Smaller segments of a national level have less chance

to survive alone. Although they overlap in history, language, inter-family re-
lationships and closer travel; they are too small to be energy, regional weath-
er, high-tech product, and food independent. Borders cannot be defined or
defended. To do so would limit the flow of goods and people, usually with

common goals and traditions.

. Locar: The potential for unique, isolated, long-term survival, or resil-

ience in a localized community of a few thousand people is nil because
the autonomous group is too small to independently maintain a complex
modern lifestyle. Although the movement is laudable because of the shared
sense of security and temporary buffer against collapse, a localized commu-
nity cannot stand alone for long and should not shield its members from
concern over the larger picture. Ancient tribal patterns were stronger when
extended to the limits allowed by topography and travel. This important
sub-subject is expanded in Chapter 9.

. PErsoNAL: This level, including immediate family, infers individual con-

trol over one’s fate which is totally unrealistic. Primitive survival required
the support of at least a village, with success intimately reflected by the sum
and average of individual actions.
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CHAPTER FINAL THOUGHTS

The critical subject of population control has been addressed since the beginning
of recorded history, and probably before, but not documented. All ancient, autono-
mous, surviving cultures had to thread a precarious fertility rate path of about three
(3 cpf) to ensure continuity, but not grow depending on local, short, hard-life ex-
pectancy. Any more would have exceeded the local carrying capacity and lead to col-
lapse. This was before modern health care and longer life spans. Now, we urgently
need to reduce fertility to, at most, 1 cpf in order to navigate the end of the oil age

.. including the ecological devastation we have caused by over populating every
niche of the world. There are hundreds of books that venture into every detail of
fertility control. I will not go further with this except by suggesting that male vasec-
tomy would be a better choice rather than leaving it to women to be responsible for
limiting population within available resources.

This solution seems far more palatable than severe local traditions as described in
Arthur Boughey’s 1976 book: Strategy for Survival, an Exploration of the Limits to
Further Population and Industrial Growth. Examples like female infanticide or hav-
ing to kill another person before marriage helped isolated island societies cope with
population control.

Another of the best books in my collection on population is More by Robert
Engelman, Island Press (2008). It is easy to read and explains older birth control
methods like emmenagogues and pessaries (neither word is in my pocket Webster’s
Dictionary), which were used by women before modern contraceptives were in-
vented. Bill McKibben wrote the book, Maybe One. An excellent read is 7he Fatal
Inbheritence by John Bligh, Athena Press, (2004). For a world-wide web site that
advocates zero children see: vhemt.org. Very interesting.

However, in my opinion of comparative time frames, running out of oil is far
more urgent than the directly-related crises of longer-term population control
and climate change.

1o know and not act is to not know.

(Chinese proverb)






CHAPTER 7

Gasoline Rationing, the Only Equitable Way

WHY RATIONING?

As an immediate antidote to the complex, intertwined, global, economic-energy
crisis, the United States Congress should legislate the reduction of gasoline con-
sumption by some form of national coupon rationing. This is a far better alterna-
tive than burning the remaining oil as quickly as possible, relying on wild market
speculation, high-price polarization between rich and poor, or increased taxation
(still another way of catering to wealth disparity). Gasoline rationing is the best
move we could make to stem the hemorrhage of; at least, our own domestic oil.

At first this initiative seems counter-productive for a sluggish economy, but further
examination shows why we need a bold about-face in our thinking and lifestyle, in-
stead of attempting to continue business-as-usual as we enter the second (declining)
half of the short two-hundred year oil age. Today, Americans alone burn-through
close to four-hundred million gallons of gasoline each day, an economic drain
of one billion dollars at the depressed price of $2.50 per gallon. Every gallon of
gas consumed represents precious finite oil gone forever, instead of being available
in the future for every link in the long food chain, essential transport, infrastruc-
ture maintenance, accessing other energy sources, national security, or providing
feedstock for thousands of other materials. Our and our children’s survival are be-
ing sacrificed to today’s profligate waste. Figure 1 (page 2) shows that U.S. gasoline
consumption alone is 9 million barrels per day or almost 11 barrels per person per
year. The display in Appendix A reminds us of the many ways that oil, including
diesel and gasoline, is woven into our modern lifestyle. Some are far more critical
than others. For example, food production and oil-support for the production of
other lesser energy sources are far more essential than petro-fueled entertainment or
frivolous travel.

Gasoline rationing would help mitigate and insulate the U.S. from the inevitable
post-oil age collapse of industrialized civilization by conserving our domestic supply.
As disconnected as they may seem, closer examination will show why the decline of
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finite fossil energy (beginning with peak oil), a debt-based financial economy, and
gasoline consumption are closely interactive. If the case for gasoline rationing seems
preposterous, unnecessary, or unworkable, at least skip to the summary review and
conclusions. Retain and refer back to this chapter for reference in the next several
years after the failure of all other attempts to continue high-energy travel such as
electricity, hybrids, biofuels, or the myth that U.S. extraction rate will double
back in four years to its peak in 1970. None can rescue us from our love affair
with gasoline-powered personal travel.

A brief history

Gasoline rationing is not a new concept. Typically, commodity rationing is a tem-
porary expedient necessary to ensure equitable distribution of fuel or other needs
in times of scarcity. As a boy, I remember gasoline (and food) rationing during
WWII. These were perceived as precarious times and everyone pitched in to be
sure no one was left out, or inflation restricted access to just a few. More recently,
there was a faltering attempt to ration gasoline during the Arab oil embargo in the
early 1980s. But this crisis quickly passed and the world continued on a path of
inexorable growth fueled by plentiful conventional oil gushing from the North Sea,
the North Slope, Mexico, Russia, the Mid-East, and Africa. This pattern continued
through the Reagan/Thatcher years and any thoughts of oil (or gasoline) shortages
were quickly forgotten.

A “depletion protocol”

During this remission, into the 1990s, new voices lead by Dr. Colin ]. Campbell,
a British petroleum geologist, warned that the sum of all world oil-extraction rates
would eventually peak and the industrial age would soon enter a new phase of contrac-
tion. This time, the decline of oil would not be a temporary scarcity, but instead,
usher in a permanent and drastic change in the history of the world. Campbell’s
work evolved into the world-wide Association for the Study of Peak Oil (ASPO) with

many sub-chapters in different countries; for instance, ASPO-USA (.org).

(When this final book is published in 2016, Dr. Campbell has kindly offered

his remarks in the included forward.)

As the quantitative facts regarding oil extraction rates and country-by-country de-
pletion became more accurate, it was obvious that some type of world-wide oil
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consumption-curtailment would be best to match the imminent decline of world-
wide extraction and avoid plunging the world into chaos. A comprehensive pro-
posal to reduce consumption rates in synch with declining extraction rates was first
proposed by Campbell as the Rimini protocol and then changed to an oil depletion
protocol (ODP). This proposal was, in effect, a world-wide rationing plan meant
to include all user and extracting countries. An excellent summary of this work can
be found in Richard Heinberg’s book, The Oil Depletion Protocol: A Plan ro Avert
Oil Wars, Terrorism, and Economic Collapse (New Society Publishers, 2006). The sub
title refers directly to the collateral damage caused by oil scarcity and increased cost.

Unfortunately, now in ten-year’s hindsight, it is obvious that an international (or
national) rationing plan could never be implemented for at least five reasons:

1. The combination of high cost, resultant “demand destruction”, and enhanced
recovery of non-conventional oil has kept us on a plateau of consumption for
the last ten years.

2. The ODP was intended to be world-wide. As we enter the post-oil age, and
similar to the Kyoto environmental protocol, it will be every country for it-
self. There is little hope for international cooperation on any issues, especially
energy, climate, and population control.

3. Even if downsized for the U.S. only, the ODP attempted to include all oil
uses, not just gasoline.

4. The ODP was too complex and impossible to administer globally.

5. The public is continually reminded by well-heeled energy-funded advertising
that there will always be plenty of oil and/or easy substitutes. “Trust us. Don’t
worry, the Peak Oil theory is dead.”

There is a new book, 7he Impending World Energy Mess by several ASPO-USA mem-
bers and energy experts , Robert Hirsch, Roger Bezdek, and Robert Wendling. (2012
apogeeprime.com). A considerable portion discusses the merits and “complications’
of gasoline rationing as a possible “mitigation” for the post-oil age.

Another excellent history and case for fuel and food rationing can be found on Sharon
AstyK’s blog site: scienceblogs,com/casaubon’s notebook/2010/08/24. Sharon was a
fellow ASPO-USA member and to quote from her comprehensive ten-page paper:
“Rationing is both possible and potentially quite palatable, as long as it occurs in the
context of public education and strong connection to current events.”
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AN ENERGY BALANCE

In late 2008, the world slipped into an economic recession exacerbated by the ten-
sion between the need for continued growth, but constrained by finite or declining
resources; specifically, conventional oil extraction. The basic absolute prerequi-
site (along with non-energetic raw materials) for economic growth, travel, and
transport is readily-available energy. This premise is expanded in Chapter 10.
Beginning in about 2004, the world-wide extraction and consumption of finite oil,
began to plateau and faced an unprecedented terminal decline. Superimposed on
this geophysical reality is a debt-based economic system, predicated on continued
future growth, and therefore can no longer continue. The geological limit of liquid,
pre-stored energy dictates the rules we must obey. Temporary reprieves from new
ways to search farther and deeper, or more-efficiently stretch the energy we have,
only postpone the inevitable shortfall by a few additional years.

The Energy Barrel

A simple analogy of energy flow into and/or out of a storage reservoir exempli-
fies our predicament. This concept is shown in Figure 11. The concentration and
storage of energy in any form are always difficult. Ancient sunlight-energy, stored as
any of the three fossil fuel hydrocarbons, is by far the best way ever known. Energy
is that elusive multi-faceted capacity of something to do any combination of work,
heat, and growth. As with fossil fuels, wood, or food, energy can be stored in a real
tangible substance. Energy should not be confused with currency and wealth, which
are only convenient substitutes for conveyance or ownership of physical energy in
many different forms as long as the system is stable and a quantitative equivalent
value is agreed-upon and respected. But, without continued availability of readily
available real energy, not a currency (money) surrogate, growth cannot continue (see
following discussion of “false” energy inputs). A dynamic system will contract and
cool if more energy is lost than is replaced. In its most basic form, any real mate-
rial thing, including its energy content, must first satisfy the essential requisites
of life; that is, feed you, move you around, or keep you warm, otherwise it very
quickly becomes lesser in importance and value.

For easy analyses, scientists and engineers often avoid the internal, dynamic energy-
interactions in a complex system by analyzing and quantifying only the external
ins and outs of energy over a period of time. This avoids having to micro-analyze
minute details inside the system. Since energy cannot be created or destroyed,
the difference between all the energy inputs, minus all the energy outputs,
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must be accounted for as internal system growth, temperature change, stor-
age, or contraction (decay) and can be summarized in an energy-flow model
as in Figure 11. If temperature remains stable, in minus out equals growth or
contraction.

This basic concept is no different than water flowing into and out of a barrel or
electrical current flowing into and out of a storage battery which can, indepen-
dently and sporadically, feed various loads. Another analogy is the amount of energy
from food flowing into our bodies while energy in the form of work and/or heat,
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to maintain our metabolism and temperature, flows out. An excess of inflow over
outflow, including waste, appears as growth (even obesity).

Yet, a misunderstanding or disrespect for the balance of energy in a finite system un-
derlies many seemingly dissimilar problems like running out of gas, excess weight,
economic recessions, or the entire collapse of civilizations. Understandably, much
confusion arises because energy can hide in many different forms and is always try-
ing to dissipate to a lower-energy form (a process called entropy). For instance, the
barrel can leak, a warm body may cool, the water can evaporate, or we will starve for
lack of food. Energy is the fundamental prerequisite for life and movement. Power
is not synonymous. Power is only a measure of how fast the energy is added, dissi-
pated, or is changing in form inside the system as explained in Appendix B.

Specifics (energy inflow)

By far the largest and most important factor either in or out of the model in
Figure 11 is the overwhelming contribution (about 85%) from TEMPORARY-
FINITE fossil fuels. Nuclear is also a smaller finite energy factor (about 6%) because
fissionable uranium, which peaked in production about 1980 during the cold war, is
also non-renewable. TEMPORARY-FINITE inputs must eventually and inexorably
diminish to zero, by their very definition as finite. Internal system growth will cease
and begin to decline unless energy outputs also proportionally decrease, or oth-
er inputs increase enough to make up the shortfall of TEMPORARY-FINITE
energy and keep the entire system from contracting and soon collapsing.

We waste much valuable time trying to find new energy sources, arguing about how
much is left, or how much the climate is changing while, in 2016, non-conventional
oil extraction will begin to seriously decline because of low oil prices. All finite fuels
(natural gas, coal, and fissionable uranium) will soon follow by 2035 at the latest
(see Figure 6). We have clearly entered the second half of the brief industrial age.
As would be expected, the first half provided the basis for un-precedented growth,
including human population. The second half will lead to oil (and total energy)
contraction tempered by how well we restrain the outflow losses of the energy-
balance system. Since food is highly dependent on fossil energy there will be critical
constraints on the human population that can be fed. Newborn babies will grow to
be consumers in the same time frame that input energy decreases. The cover of this
book shows this pictorially.

A significant concept, which should not be misconstrued as an energy input and
which leads to economic crises, is the FALSE borrowing of wealth from the future
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based on the expectation and perception of continued growth of the complete sys-
tem. As explained earlier, wealth, as measured by paper currency or metal coins,
is not energy. It can’t do work or keep us warm. It is only a temporary quantita-
tive value assigned to real things like energy, food (another form of energy), goods,
or services. Non-energetic wealth only represents the ephemeral, peaceful agreement
of its contemporary worth as a surrogate for “real things.” It is subject to inflation
or collapse at any time.

Continued growth infers an increase of wealth as an indicator of additional
“real things” and is equal to the original quantity (principle) plus interest,
hence, “real growth.” But real system growth cannot happen without a steady sur-
plus (input over output) of either dependable TEMPORARY-FINITE energy inputs
pre-stored from the past, or an increase in CONTEMPORARY-SUSTAINABLE
inputs from the present.

Unfortunately, the borrowing of future wealth based on extrapolated past trends
and expected continued growth is the backbone of our entire financial system. But
remember the basic premise: A system cannot grow without ever-increasing
energy. It may take time for this connection between energy and wealth to make
sense. But think about it, you can’t refill a pail of water today with next week’s rain.
You can't satiate today’s hunger by thinking about next week’s groceries or planning
next year’s harvest. Chapter 10 continues the discussion of the economics of energy.

The leveling or peaking, beginning in 2004, at about seventy-five million barrels
per day of conventional crude oil production, and resultant steady price increase led
to economic stress and decline, first of the growth-related housing and then of the
entire, intertwined, debt-based, highly-leveraged, world-financial system. Everyone
in the world started to spend more of their wealth on energy including all energy-
related goods and services. This left less for non-energy spending and overall system
growth.

By the last quarter of 2010, the total of all liquid fuels including non-conventional
oil from tar sands, tight oil (fracked), deep-off-shore oil, polar oil, natural gas lig-
uids, and bio fuels reached eighty-five million barrels per day. The total increased
another six percent to over ninety million barrels per day by 2014 (see Figure 3, on
page 35). The diminishing energy return on energy invested (EROEI) and much
higher cost for non-conventional liquid fuels exacerbate the tension between higher
extraction (production) costs and continued population growth (demand). The re-
sult for several years was a balanced world price of about $90.00 dollars per barrel.
This was the price overlap high enough to continue total extraction but low enough
for the market to bear ... for several more years as American consumers went deeper
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into debt. The world market price may never go much higher because there is di-
minishing wealth available for purchase. In theory, the price of energy can’t decline
much lower either for any length of time because it costs more and more to extract
increasingly difficult or non-conventional oil. And, there are those who choose to
keep the oil in the ground for future generations and wait for higher prices. Only a
small minority who have access to remaining wealth will eat, keep warm, travel, and
attempt to perpetuate the lifestyle of the past surplus-energy age ... as long as their
paper wealth and non-energetic assets can be exchanged for “real” energy.

Further infusions of paper wealth, financial bail-outs, and stimulus packages
based on the hope of growth-revival in the future can not work because future
energy growth, dependent primarily on oil, is no longer possible. There will
be local bonanzas and temporary remissions because of new energy finds, new ex-
traction technology, decreased consumption (“demand-destruction”), or improved
efficiency, but the long-term trend must lead to system contraction because of the
decreasing and dominate contribution from finite fossil fuels, specifically oil.

Suddenly in the summer of 2014, the Saudis upset this percarious equilibrium by
refusing to reduce their market share for the benefit of new, more expensive non-
conventional sources. The resumption of low-cost oil combined with the growing
resistance to $90 dollar per barrel oil, caused a sudden glut in the oil markets in-
cluding gasoline specifically for U.S, the world’s number one consumer bloc. (As
clarified in Chapter 1). The result was an immediate fifty-percent plummet of price
to the mid-$45 per barrel range which climbed back to around $50 per barrel by
the spring of 2015, but then dropped below $40 per barrel by the end of 2015. This
is a good example of the impossibility to store significant amounts of energy. The
world’s tankers and storage facilities can only store a few days worth of oil waiting
for the price to go back up while the futures markets have a field day as speculators
try to out-gamble each other as to what will happen next.

As a consumer, you would expect to fill your gasoline tank to take advantage of the
bargain price, but how many gallons and miles-worth can you hoard ... on-board?

Back to the Energy Barrel

At some time in the past, present, or future, all energy (except nuclear or tidal) came,
comes from, or will come to the earth from the sun. In our short, fossil-energy age,
CONTEMPORARY-SUSTAINABLE inputs account for less than ten-percent of
our total energy input and consumption. Because of the dilute, sporadic nature
of incoming, annual solar energy in its common forms of direct solar, wind,
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bio-energy, or hydro power, “all of the above” (from the sun) can NEVER re-
motely approach the amazing quantitative level of conveniently stored fossil
fuels, which represent millions of years of prehistoric solar energy. Other non-
fossil inputs like tidal or geothermal are tiny, site-specific, and poor in energy return.
They cannot amount to more than diversions from our main focus, the imminent

decline of TEMPORARY-FINITE-PRE STORED energy inputs.

Referring again to Figure 11, the INTERNAL SUBSYSTEM-TRANSFER of ener-
gy between inclusive subsystems is another source of confusion. For smaller internal
subsystems like nations or regional societies, this is a most important factor. “We
want what you got.” Whenever a closed group of bio-species exceeds or decreases
its carrying capacity (in its most basic form, food), or expands through population
growth and the over-powering urge to survive (the “Selfish Gene”); territorial en-
ergy transfer is the ubiquitous normal result. Sometimes the transfer from one sub-
system to another is hidden as a seemingly benevolent interaction. But the effect on
the total system-energy balance is net-neutral, like robbing Peter to pay Paul.
INTERNAL SUBSYSTEM-TRANSFER is simply a contraction of one subsystem
to support growth in another. Externally-sourced TEMPORARY-FINITE fossil fu-
els, like oil moved from Canada and Mexico to another subsystem like the U.S. are
examples of this category. They are only transferred from one region to another with
no effect or difference in the larger global closed system.

The INTERNAL SUBSYSTEM-TRANSFER category also holds true for non-en-
ergy resources, but these are inert raw materials, clean water, or arable land which
cannot be accessed (mined), transported, or processed into useful goods and
growth without ... energy. Open the history book to any page, and this last cat-
egory underlies and explains much of the glory and tragedy of our past. Resource
wars and the slave trade are examples. Unfortunately, as surplus fossil energy winds
down, we are beginning to regress to past human-nature. We will do whatever it
takes to maintain our personal subsystem’s status quo by keeping energy inputs
maximized, so we can maintain a high level of outputs, and at the same time,
avoid subsystem contraction and ultimate collapse.

For a completely closed finite system, like our planet, INTERNAL SUBSYSTEM-
TRANSFER inputs are meaningless. We can’t raid the moon for energy except for
a little tidal gravity. We can access a small amount of internal geothermal energy,
but it is site specific and can’t contribute more than a tiny fraction of our needs.
Our only sustainable energy input source always has been, still is, and will be
... the sun.
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Specifics (energy outflows)

To postpone closed-system contraction (or “collapse”) as TEMPORARY-
FINITE inputs begin a precipitous decline in the post-fossil fuel age, our only
legitimate option is to reduce (ration) the output losses just as with the water
barrel or storage battery. We must try to control the leaks from the energy barrel.

ENERGY HEAT LOSS (entropy) from a warmer body to colder surroundings is
a fundamental law of thermodynamics. On the earth macro-basis, there is no way
to reduce this energy loss. Natural or industrial greenhouse gases only increase our
planet’s temperature a few degrees to a new equilibrium level. The resultant global
warming does not reduce the overall quantity of energy output flowing back into
cold outer space. However, the desired temperature of small sub-systems like living
bodies or houses can be maintained with far less input energy by reducing micro-
system HEAT LOSS through better clothes or insulation. This is the basis for ef-
ficiency savings and makes sense as long as decreased energy needs are not offset by
continued overall system growth such as an increase in population. The common
phenomenon of increased efficiency leading to greater consumption was clari-
fied by W.S. Jevons at the beginning of the fossil-fueled industrial age in the 19th

century, and bears his name, “Jevons Parodox.”

ENERGY HEAT LOSS is a significant human concern because it is the ubiquitous
energy output as we, individually and collectively, dissipate the heat from metabo-
lized food or heated buildings. Higher food consumption for increased population
results in proportionally more energy lost forever as heat and/or non-growth work.

SECURITY-DEFENSE energy output can be most important in any subsystem
energy balance. Considerable precious energy may be expended by an individual,
village, or nation. In some subsystems where energy inputs are copious, as in the
fossil-fuel age, this is probably not a critical problem. But in other times, the energy
cost to resist nefarious encroachments from other subsystems was often ruinous.

In future low-energy times, SECURITY-DEFENSE energy consumption and out-
put will become more critical. An individual animal can exhaust itself by fighting
for survival or to protect territory and food sources. The end result is the same:
Sub-system energy contracts towards death. A nation subject to invasion like the
Roman Empire can fail because of inadequate internal energy left after losses for
SECURITY-DEFENSE. Should the last internal energy go to feeding people or
defending them?
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Anothersignificantand often overlooked energylossisthe ENERGY INVESTMENT
required (recycled) to acquire, and becomes included in, the input energy. The
ratio of the two is named by the acronym EROEI (Energy Returned On Energy
Invested). Sometimes this term is shortened to EROI and is usually analyzed for a
specific energy source as the quantity acquired divided by the quantity expended for
its aquisition.

When the ratio is greater than unity the acquisition is considered positive and the
effort is energy-legitimate. The original extraction of conventional oil put this ratio
over 100:1 but it is steadily declining for all fossil fuels as we deplete the easiest
sources of prehistoric stored finite energy.

One example of a positive EROEI is wood. Otherwise our ancestors would not have
survived. A few days with an axe could yield thousands of BT U’s for warmth and the
construction of shelter (system growth). In the fossil fuel age, it takes only a fraction
of energy returned (invested as fossil fuel input in a chain saw or skidder) to harvest
a much larger multiple of bio-energy. However, this loop is clearly unsustainable
when more wood is harvested in one year (about one cord or 3000 pounds, wet,
per acre) than slowly grows through the photosynthesis of incoming solar energy
in the same period. In addition, soils, water, and minerals as ashes from the burned
wood must be available and, in the case of nutrients, returned to where the wood is
grown. Over-harvesting of wood beyond a steady-state sustainable level historically
supported the overshoot of population and subsequent collapse of civilizations like
Easter Island.

There are many other examples of marginal EROEIs, which contribute directly to
contraction and decay. Confusion creeps in when other subsystem inputs or losses
are combined with those used directly in an analysis. For instance, there is much
argument concerning the EROEI of corn ethanol for fuel. Should all the inputs to
grow the corn like irrigation energy, farm labor, fertilizer, fossil energy to manu-
facture farm equipment, and many more be included in the inputs? Should the
heat from burning, rather than being returned to the source-land, the co-products
(stalks, leaves, and ashes), be considered output? Depending on the methodology
used, the EROEI for corn to fuel-ethanol ranges from less than one to 1.5.
In addition, it is clear from our energy-balance model that the output energy for
ethanol as fuel is finally lost as NON-GROWTH work rather than assimilated as
INTERNAL GROWTH. Using 30% of our corn for fuel instead of food for
survival does not make sense from any quantitative or ethical view. Yet, here we
are. Drive up to the gas pump and fill up with 10% ethanol, a tragic testimonial to
our short-sighted intelligence.
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On a personal level, the ENERGY INVESTMENT to acquire new energy is dif-
ferent from NON-GROWTH WORK. Instead of going from point A to B and
back again on the bike or a hike, we could expend the same food energy by growing
more food or cutting firewood. Most energy loss is from energy consumers who do
not work directly to facilitate energy inputs (including food from a farmer) but still
use the energy. This has always been true of children, the aged, or infirm, but it is
equally true for anyone not directly involved in the energy chain. For instance, a
productive adult who is suddenly out of work represents a continuing energy-
system drain because he/she still has to eat, but contributes nothing to the
input of energy into the system. So, the system contracts.

This analysis could be carried further by questioning the energy requirements of (in
no particular order) financial services, advertising, marketing, insurance, recreation,
entertainment, management, building construction (except to save energy), space
exploration, and so on. It may sound heretical to question traditional careers, but
without copious surplus energy, any activity not directly related to essential trans-
portation, food, or warmth will be greatly challenged.

All of the above occupations grew far out of proportion to basic farming. They
flourished and grew only because of the abundant fossil energy age. Even essential
needs like medical care and our judicial/penal system will be unsustainable as energy
becomes scarce and expensive.

The effect of population growth

If there is no change in the energy inflow vs. outflow balance in our energy barrel
analogy, there will still be a per capita lowering of energy level as long as the popula-
tion increases. There will be less energy to accommodate each of more people. This
could be simulated by imagining the barrel becoming wider in diameter.

THE CAR IS THE CULPRIT

This leaves NON-GROWTH WORK as the huge energy loss we could quickly
control as if by turning a valve or fixing a leak. If we were intelligent, we would
immediately and equitably reduce vast quantities of wasted energy output by
nation-wide coupon rationing of gasoline. A close look at the energy flow model
shows the TEMPORARY-FINITE flow of input (oil) energy matched by a massive
gusher of outflow oil used for travel in all types of vehicles. As long as we had a fire
hose filling our energy-system barrel we could tolerate a gaping hole in the bottom.
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The age of easy travel is quite simply, the oil age. The two concepts are absolutely
intertwined and inseparable because of the huge amounts of conveniently concen-
trated energy in a liquid fuel that can be carried along for the ride in a modern
vehicle with an internal combustion engine.

As explained in Appendix 2, the mechanical definition of energy is the capacity,
of some thing or substance to do work, where work is simply a force (to overcome
drag or friction) while covering a distance. Distance is the most important term here
because it implies movement or travel. If we use our personally stored energy (from
food) for the work required to crawl, walk, bike, or run from point A to point B,
at least we have an obvious result, we're in a different place B, unless we had just
traveled back to point A. Our energy (to do the work) consumption is immediately
apparent even if we only traveled around in circles wasting the energy through in-
discriminate travel going nowhere.

Now, at the midpoint of the brief, profligate fossil-fuel energy age, we enjoy the
luxury of riding in a 4000-pound chariot, cruising at seventy-miles an hour, enjoy-
ing the scenery, occupant warmth, and entertainment. Up to the last months of
2014, American drivers were burning gasoline at the rate of nine million barrels
(almost four-hundred million gallons) ... per day! On a personal basis, we use far
more energy to travel a few miles to the supermarket than is in the food we bring
home to feed a family of four for a week. In our overall energy balance, the EROEI
in this case would be less than one which further contributes to system decay. In any
other time in history, or in poorer parts of the world, such luxury would be a dream.
There is no question that the vast American working and living lifestyle has evolved
around the automobile as explained in Part I.

By 2005, oil and gasoline prices climbed to record highs as extraction and avail-
ability of inexpensive oil and related petro-products began to level off. The world
entered a terminal recession with extreme geopolitical tension. Our future-growth-
dependent-economic system ground to a screeching halt. Debt-based growth and
expansion based on a continued energy surplus can no longer continue.

Other forms of energy cannot begin to substitute for the peaking production and
consumption of oil. Yet our dependency and love affair with our cars continues
unabated. As long as market forces control the price of gasoline, even if oil prices
remain high because of production shortfalls all over the world, the wealthy can
still out-bid the poor. But high gasoline consumption also affects the price of other
related energy-intensive needs like food, diesel, and jet fuel. By 2014, there began
a temporary surplus and price reduction called “demand destruction.” Short-term
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price swings are exacerbated by speculative machinations of the commodity mar-
kets, which, in turn, lead to turmoil and further curtailment of world oil production
whenever the price drops below profitable levels.

Why ration gasoline?

As long as market and speculative forces establish the price of oil while world extrac-
tion levels and then declines, we will continue to see erratic spikes. There are always
fewer consumers who can bid the price back up. Price may not go much lower either
because more expensive, non-conventional sources are financial losses. The vari-
ous scenarios in Figure 2 predict just how quickly this end game will play out. It is
certain that there will be less gasoline as oil extraction, the dominate component of
TEMPORARY-FINITE input energy, inexorably declines. The tragedy of this inevi-
table scenario is that the love of the automobile trip, especially by those few who can
still afford gasoline even at a higher price, will compete for the valuable energy re-
quired to produce essential food. Already this is happening as CONTEMPORARY-
SUSTAINABLE ethanol and bio-diesel are substituted for oil.

High taxes on transportation fuels, as practiced for years in other industrialized
countries, is a step in the right direction, but not much better than letting market
forces balance price, supply, and demand. The wealthy can still outbid the poor. On
the positive side, at least high fuel taxes encourage smaller cars, reduced travel by
some, and alternative more efficient forms of travel. The price is somewhat stabi-
lized, and a larger portion of fuel costs flows to the national treasuries.

Implementation of gasoline rationing

The devil is in the details, but in the electronic age national-coupon rationing could
be done. No matter how inconvenient and unpopular, it is our only hope to quickly
and significantly reduce energy output commensurate with the leveling and down-
ward supply of all petro-fuels. We have no choice. We waste too much gasoline
now for fast frivolous travel in huge vehicles. Our kids will wonder why we were in
such a hurry to burn up the world’s finite energy endowment and didn’t save some
for their survival. The present U.S. consumption of about two gallons per day per
licensed driver should be halved to one gallon per day as soon as possible. Perhaps a
one-half gallon per day reduction would be an easier first step for several years.
This would still allow for about fifty miles per day, per person, in an efficient
car driven ... alone! The immediate reduction would be one hundred million
gallons (2.5 million barrels) per day! This is four times the 600,000 barrels per
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day from the Bakken “fracking” bonanza and almost half the total U.S. conventional
oil extraction of five and one half million barrels per day. If we just slowed down,
doubled up our passenger load, and drove smaller cars, we could achieve a reduc-
tion of one-half gallons per day, per driver with no reduction in miles traveled, or
impact on the economy. This first step of gasoline rationing would ensure we all
participate equitably.

The second step of rationing to one gallon per day for each of two-hundred
million licensed drivers, would reduce oil consumption by almost five million
barrels per day (1.73 billion barrels/year). This is ninety percent of total U.S.
conventional oil extraction, just for one- half of our gasoline consumption! I
challenge you to memorize and think about these facts. We could still each be
driving twenty-five miles a day alone in an inefficient, 25 mpg vehicle.

To repeat, a central theme of this chapter (and entire book) is that rationing to
one gallon per day of gasoline per licensed driver, instead of the two gallons per
day average consumption, as it is now, would postpone over seventy-five per-
cent of U.S. present extraction of conventional oil for future generations and
the prosperity of our country. This is astounding! To put the numbers in perspec-
tive, the five million barrels saved each day is also approximately equivalent to:

* Twice the entire extraction rate of Iraq (after a cost of billions of dollars and
thousands of lives.)

* About four times the projected output from Canadian tar sands oil without
the environmental impact or the extremely high input energy of all types to
mine, process, and ship the diluted bitumen.)

* More than half of the nine million barrel per day extraction rate of each of the
world’s largest producers, Russia and Saudi Arabia.

e The International Energy Agency (IEA) amazing prediction of a sudden
doubling (in four years!) of US extraction rate to a level exceeding Russia and
Saudi Arabia.

It could be argued that the same reduction in overall consumption might also be
achieved if fuel efficiency was increased from 25 mpg to 50 mpg. True. But this
would never happen unless every driver could afford to buy a very efficient tiny ve-
hicle and drive it accordingly. There would be no universal incentive to do this and
Jevon’s paradox (drive and consume more because it is more efficient and less costly)
would rule. Also, the steady increase of licensed drivers (about two million per year)
would offset the decrease of overall consumption from rationing. A fifty percent
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decrease in gasoline consumption can only happen with nation-wide, legis-

lated, participation by all drivers. Never before in peacetime have we so desper-

ately needed this profound level of understanding, acceptance, and leadership.

Other advantages of gasoline rationing

Immediately, the cost of gasoline would decline and remain predictably low
because of the reduction in U.S. demand. Although the price of oil reflects
world wide supply and demand, our domestic consumption is so huge that a
one gallon per day reduction in the U.S. would take one-sixteenth of world
demand off the market.

The lower per-gallon cost plus the approximate eight million dollars/per day
saved by not being spent on gasoline would be a massive jump-start for all
other non-travel sectors of the economy. This would be just the opposite of
the steady economic drain of the past few years as Americans have steadfastly
resisted curtailing their love affair with large fast cars.

Overall health would improve as Americans get out of their cars and walk or

bike.

Electric transportation of all types would be encouraged. Mass transit would
be favored and small electric vehicles would become popular as long as the
battery problem is resolved.

Safety would be greatly improved because of slower speeds and fewer vehicles.
Small, efficient cars would be much more safe and appealing because of not
having to share the road with huge, speeding vehicles.

CO, emissions would be curtailed.

Problems

Of course there will be many questions if we use gasoline rationing to mitigate the

decline of oil.

With only gasoline rationing, there will be increased demand for diesel. This
loophole should be left open as it would take years to substantially convert the
U.S. passenger car fleet. By then, the reduced availability and increased price
of world oil will reduce the overall consumption of all liquid fuels including
other sectors of consumption, construction, heavy transport, public transpor-
tation, commercial, municipal, and farming.
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The premium for distillate fuels like diesel, kerosene, heating oil and jet fuel
will continue to increase and effectively curtail their use as well. Those passen-
ger-car owners who must drive long distances have the option of converting
to diesel which will further reduce gasoline demand. It is my personal opinion
that European-style small turbo-diesel (TDI) passenger cars are less expensive,
simpler, and a better value at 40 to 50 mpg than electric or electric-hybrid
vehicles. Any increased emissions from the scandalized VW emission testing
are more than offset by their inherently better efficiency.

* Farming needs for gasoline could also be handled on a case by case basis
depending on farm income and tax reports. The same procedure could be an
alternative for other commercial, legitimate businesses including taxis that
don’t convert to diesel.

e Air travel will slowly grind down if fuel costs escalate, providing the traveler
can get to the airport on non-rationed public transport. It will remain an al-
ternative for the wealthy, business, or emergency traveler.

* Ultimately, every commercial activity dependent in any way on automobile
travel will be in jeopardy. But why should they be allowed to inordinately
hasten the end of the oil age? They are products of the oil age and should
reflect their dependency on the world’s most critical finite resource. In reality,
mitigation of the end of the oil age with coupon rationing will help perpetu-
ate business-as-usual in changing times. Besides if traveling somewhere else
for recreation is that important, the creative and affluent public will find a
way (see heading “Implementation” below).

* The immense cost and complexity of coupon rationing are necessary evils if
we are to navigate the end of the oil age without abrupt and total chaos. A
small fee at issuance, like one-dollar per card for twenty million cards per day,
would be enough to pay for the necessary infrastructure and personnel. Gas
stations would be restricted to sale only to unused coupons or portions left,
similar to a Walmart charge card.

Implementation

Each licensed driver who owns at least one registered vehicle would receive,
monthly, from the state motor vehicle department (DMYV), a book of coupons
(plastic swipe cards) called Tradable Fuel Coupons (TFC’s) or something simi-
lar. There could be one coupon for every ten gallons. These must be presented
(swiped) at the gas station along with the payment for gasoline before pumping.
The number of cars registered beyond one by individual drivers has no bearing on
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coupons issued. This way, very efficient vehicles could be used wherever possible,
but not necessarily for car-pooling, family trips, RV’s, or vacations. Surplus coupons
could be saved or purchased on the open (tradable) coupon market.

Each retail gasoline station would have a small electronic machine to record usage
and ascertain the unused gallons available prior to pumping. Like a phone card, the
same machine could count the total coupons used and reconcile the number with
the gallons pumped for each day. The TFC’s would be similar to a pre-purchased
gift card. They are in effect, a negotiable instrument like a ten-dollar bill. There is
no record of ownership after initial distribution by the DMV.

Obvious exceptions to rationing would be government, municipal, emergency, se-
curity, and essential needs. In short, gasoline rationing would only effect private
consumption. City folks who don’t use much gasoline could sell coupons to those
who need to drive long distances.

A network of private-enterprise clearing houses would immediately appear to
function as intermediaries similar to dealers for gold and silver coins. The hassel will
cause some consternation but reflects the true energy cost and threat to our future
survival from profligate gasoline consumption.

SUMMARY

1. American gasoline consumption is the largest, quickest, and easiest candidate
for controlled downsizing of oil consumption in order to mitigate and delay
the inevitable post-fossil-fuel crash.

2. Rationing is the best, most equitable way to reduce consumption ahead of
the inevitable decline in world oil production. Rationing would help reduce
wealth disparity, keep price lower and more stable, as well as minimizing wild
market-price swings. Now, uncontrolled demand, production costs, alterna-
tive liquid fuels (some competing with food), speculation, world tension, and
steadily declining oil fields all interact. We are totally unprepared and out of
control as we enter a new era of diminishing energy from fossil fuels. As the
most intelligent species we should recognize the facts and plan accordingly.

3. Since American drivers use about one-eighth of world petroleum just for
gasoline, a positive action to downsize will send a huge message to the rest of
the industrialized world.
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National TFC rationing would provide the time and price stability for explo-
ration and development of alternative energy sources. The wild price swings
we now have discourage long-range planning,.

The street value of TFC s would have the added advantage of putting instant
cash in the hands of poor and/or frugal drivers. This would redistribute real
wealth from those who can afford and choose to consume more, to those
who do not.

The equitable sharing and reduction of gasoline consumption would benefit
all energy consumers, rich or poor. Rationing is the only way for peaceful
co-existence when diminishing essential resources face steadily increasing
demand.

Considering the dire challenges we face as we enter the second half of the oil
age, it is certain that some form of rationing will also have to expand to other
critical oil uses like aviation fuel, commercial diesel, and industrial transpor-
tation fuel. If we ration gasoline now, that eventuality can be postponed.

. The controlled reduction of discretionary gasoline consumption will leave

future petroleum feed-stocks available at a more stable price for the develop-
ment of renewable fuels, heating oil, plastics, lubricants, agriculture, wood
harvesting, strategic material mining, and a thousand other things that are
oil-dependent, ubiquitous, and now taken for granted.

CONCLUSIONS

A thesis is offered based on the following logic path:

1.
2.

Energy is required for the growth or movement of anything of substance.

Our debt-based financial system of principal plus future interest is an ex-
ample of growth-dependency which can only work when there is a surplus
and commensurate increase in availability of energy.

Presently, over ninety percent of our energy is derived from TEMPORARY-
FINITE sources led by oil at thirty-seven percent. The overall world-wide
oil extraction rate of conventional oil has peaked due to the natural con-
straints of our finite planet plus increased costs and difficulty of extraction.
There are many who argue that peaking has not yet happened, but if that
was true, we still have only a few more years to prepare and take advantage
of the extra time.

Suggested alternatives for oil are minuscule, site specific, delusional, or lim-
ited by annual incoming solar energy. Finite fossil fuels also represent solar
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energy but only after the concentration of hundreds of millions of years in
the making into three convenient forms. These are the laws of physics and
math. No amount of wishful thinking or research grants can change them.

5. In order to keep our energy-intensive society from overshoot and then col-
lapse from reduced real-energy availability, we have only one immediate op-
tion, to reduce real-energy consumption (loss).

6. The most wasteful energy loss (one-eighth of world oil) is the American use
of gasoline for fast travel in large cars.

7. We could make a giant first step in oil reduction and mitigation of the im-
minent real energy decline by rationing the availability of gasoline equally
between the wealthy and poor. One gallon per day per licensed driver would
halve our U.S. consumption with little decrease in miles traveled if we drove
smaller cars more slowly.

8. Electronic tradable coupons (TFCs) could be saved or openly traded on the
open market. This would immediately transfer wealth from those who can
afford to extravagantly use tomorrow’s energy today, to those who choose to
conserve and soften the impact of the imminent post-oil age.

Please give these thoughts a chance. Let them sink in. Test them against other pro-
posals and pass them along to others, especially to those in a decision-making ca-
pacity. Our best hope is rapid, exponential, diffusion of ideas and information now
possible in the electronic age. Without your personal energy, nothing will happen.

SUPPORTING MATH AND SIMPLE PHYSICS

Today, in very rounded numbers, two-hundred million licensed American drivers
consume, each day, four-hundred million gallons of gasoline (ten million 42-gallon
barrels). This gives every driver an average of two gallons or at twenty-five miles per
gallon, fifty miles of travel ... each day! This quantity represents one-eighth of world
oil production just for American gasoline. Does this unique level of gross energy
consumption justify the premature demise of our energy-intensive civilization? A
better understanding of the following science will help reduce personal gaso-
line consumption even if rationing is not implemented:

There are a number of ways overall consumption could decline, initially, with
no reduction in distance traveled. For instance, let’s look at the simple physics.
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Starting back with the basic definition of work as expanded in Appendix B:
W=F XD

Work (W) output is equal to the fuel-energy (used in the engine, minus heat losses)
to provide the force (F) required to move the car, times the distance (D) traveled.
We can easily reduce the left-side (fuel required) to provide the necessary work
(W) without reducing distance (D) by decreasing only the force (F) on the right
side. This would initially leave the distance traveled (D) unchanged.

When driving on the level, (F) consists of only two significant drag forces that re-
quire work (as fuel-energy): rolling resistence (R) and air turbulence (T). (T) might
also be called wind resistance or air drag. (T) and (R) represent energy lost as heat,
forever, from pushing air molecules aside as the car passes through the air or flexing
the tire as it rolls over a surface.

In algebraic terms: F=R+T

If we take a minute to further contemplate these two terms, R and T, it will clear up
much confusion, bogus information, and save much fuel.

Rolling resistence (R) is simply a numerical coefficient for a type of wheel (on a
specific surface) times the weight on the wheel. For a hard rubber tire on pavement
it is about 0.015 times the weight on each wheel. If tire pressure is increased, this
coefhicient is less. If vehicle weight is less, rolling resistance (R) is also reduced. This
is why bike tires are pumped up to 100 psi, and bikes work best on hard pavement.
Lighter vehicles use less fuel than heavier. That’s all there is to it. Quantitatively, the
rolling resistance of a car is not very much, about 45 pounds for a 3000 pound car.
A human can push a car, albeit slowly, on hard level pavement. There is not much
fuel/energy that can be saved by using a lighter vehicle or pumping up the tires for
a few percent reduction of (R).

Air drag (T for turbulence) is a little more complicated but needs to be clearly un-
derstood as we move into a low-energy future. Air drag (wind resistance) is especially
important in electric cars which have much less onboard energy. Air turbulence (T)
only begins to be a factor above about 20 mph and is where and why we can make
significant reductions of work (fuel) required. We will rarely go fast after the oil
age is over.
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There are three important factors multiplied together which make up the air drag
(T). At very high altitudes, thinner air density also reduces T, but we will leave that
advantage for airplanes out of our analysis. The total equation for air drag is:

T=AXSXV?

The frontal area of a vehicle is (A). Simply put, a vehicle with twice the frontal area
will have twice the air drag. This is why airplanes are packaged like a cigar and travel
in thinner air, and why bicyclists crouch down to go fast.

Yet, we insist on driving cars (trucks) as big as barn doors because fuel has been
so plentiful and inexpensive for the last 100 years. Smaller cars would immedi-
ately save a lot of work (fuel) with no change in speed or distance traveled.

The second term (S) is a factor which is determined by the shape of the vehicle and
the way air (wind) flows around it. Intuitively we know that a streamlined egg shape
will move through the air with less turbulence than a rectangular brick, yet we still
waste gas driving cars (trucks) shaped like one. A modern streamlined car has a shape
factor (known as the coefficient of aerodynamic drag) of about 0.3 and there is not
much more we can do about this factor except drive well-shaped cars. In addition,
both frontal area and shape factor are not significant below speeds of about 30 mph
because the total air turbulence (T) is small and less than rolling drag (R). We
are not concerned about shape and frontal area while pushing a baby carriage or rid-
ing a lawn mower, but we certainly become aware when riding a road bike.

This brings us to the third factor, speed (velocity, V). This is the most important
of all three terms because it is squared. If we go twice as fast (churning and heating
air) it becomes four times as restrictive. (Two squared equals two times two equals
four.) Do we really need to drive fast to get somewhere a little sooner? Fuel rationing
would immediately encourage slower driving because speed will use up the coupons
quicker over a shorter distance. President Carter was right with the 55 mph speed
limit in the 1970s as the U.S. went over the peak of domestic extraction. If we go
twice as fast, we require four times as much work, but we get there in half the time so
the total energy consumed over a distance is four times one-half, or twice as much.
To drive eighty miles in one hour theoretically takes twice as much gasoline as
taking two hours at half the speed. Are we Americans really so important we
can justify using our future fuel just to get to our destinations sooner? (This
explanation is only basic physics and is not exactly true because the engine and drive
train energy losses are only existent for one half the time. Higher gear ratios also
reduce these internal losses so they are not proportionally higher.
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The above basic analysis does not account for changing velocity or climbing hills.
If we use the car’s brakes to slow the car or control speed on a descent, the en-
ergy loss from heat is considerable and lost forever with nothing to be gained
but worn-out brakes. This is why electric cars use regenerative braking to return
some of the precious energy to the batteries. The answer is to think of the car as a
pendulum, slowing as much as possible to let momentum crest the hill and pick up
speed as much as possible to avoid braking at the bottom. Accelerate very slowly
and anticipate stops way in advance so rolling resistance and wind drag substitute
for heat loss from braking. Slower speeds and “hyper-driving” techniques are not
always compatible with today’s traffic, but this is the context for considerable fuel
saving without having to reduce distance traveled. If you understand all this theory,
go out on the interstate and try it today. See how quickly you will be aggressively
tailgated and passed by huge vehicles in a great hurry to get somewhere else.
Only equitable coupon rationing will slow traffic, save great quantities of fuel,
and make for safer, more relaxing travel.

Reducing any combination of the three terms (A, S, V) offers the best possibil-
ity for considerable immediate fuel savings with no initial reduction in distance
traveled or change in current lifestyle.

Remember, the fuel (energy) conserved is far more critical for other sectors of our
energy system including food, heating oil, social services, commercial transport,
national defense, petroleum-based products, and all the other ubiquitous uses of
petroleum as a food or feedstock. Converting coal and natural gas to automotive
fuel, converting to diesel passenger cars, or plugging in hybrids only avoids the issue
by substituting other TEMPORARY-FINITE energy inputs and moves us farther
down ... the wrong road. Rationing would dictate changes in driving habits equita-
bly between rich and poor. No other concept would yield as much significant energy
reduction for our future survival; yet it needs to be legislated so all share the effort.
We need to get started now to conserve our nation’s remaining oil endowment for
the coming oil crash.






CHAPTER 8

Food-Energy: the Fragile Link Between

Resources and Population

Every successful species harbors a genetic drive to reproduce more numbers
than can be supported by a stable, sustainable environment. The limitations
are food, non-energetic resources necessary as building blocks for life, competing
species (also hungry for food), a hospitable ambience, and adequate physical space.
Those who best adapt evolve as conditions crowd out or supercede those that don’t.
This is simple Darwinism and most often infers a short, harsh individual life
of competition and survival. Changes in the environment by natural causes and/
or environmental destruction add additional challenges to the status quo, and favor
those species which are fortunate enough to adapt, or smart enough to plan ahead.

THE FOOD-ENERGY BALANCE

Humans acquire their energy from food which at one time came directly (or indi-
rectly farther down the food chain from other plant eaters) from plant photosyn-
thesis of incoming solar energy. As quickly as new offspring begin to grow on their
own, increased demands are placed on the food supply although at first it may be
as food-energy still supplied by a supportive parent(s). As long as food is available
the population will increase to the limits of the species’ range, individual or
collective skill (including tools), and individual energy available to procure the
food and/or avoid being food for others. It should be obvious that population is
therefore limited first and primarily by the ability to access and store food. A quick
look back to the energy-barrel analogy in Figure 11 may help explain the potential
for growth or contraction of any system (including a human body) based on the
input-output balance of energy, either stored from the past or acquired contempo-
rarily, but cannot be borrowed from the future.

To continue our analysis, we will focus on the food-energy balance required for
human survival without relying on a temporary surge of non-renewable energy
capital, e.g., fossil fuels, or imported food from another location or time (inferring
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a surplus somewhere else). For hundreds of thousands of years our predecessors
lived as hunter-gatherers in a precarious, but on average, ratio which had to be
larger than one between food-energy returned on (personal) energy invested

(FEROPEI).

Cultivation and agriculture

Then, about ten thousand years ago, humans learned to utilize favorable, unique, lo-
cal growing conditions and crops. The age of agriculture began. A slight improvement
of human FEROPEI, combined with reduced energy requirements and risk related to
excessive travel, provided a tiny energy surplus to support the beginning of recorded
history. The extra energy made possible early civilizations and the construction of an-
cient monuments many of which have survived to this day. To build anything of sub-
stance, the energy has to come from the excess over and above the primary requisite-
energy required for personal food and survival. Instead of a hunter-gatherer barely
able to procure food for himself and enough progeny to perpetuate the species,
a hard-working farmer with favorable ecological conditions could now feed ad-
ditional dependents plus non-farmers. Energy-intensive travel was still limited by
human personal mobility, draft animals, and wind power for sailing.

Because of agriculture, the average FEROPEI improved, possibly up to 6:1. This
provided the steady-state support for long-term societies like the Chinese, but
could not support continued growth of extensive, non-agrarian expansion like the
Roman Empire. Many societies flourished, then collapsed because of the inevitable
conflict between growing population and the limitations and degradation of local
food-carrying capacity.

Additional energy

Following the collapse of the Roman Empire, slow adaptation to wind, water, and
draft-animals gradually improved local agricultural output by reducing the direct de-
pendency of food output from human-energy alone. The food-energy return on hu-
man labor input (FEROPEI) slowly increased up to the 10:1 or 12:1 range. Suill,
population was held in check by disease, poor health care, unpredictable diet, infant
mortality, and short life spans. But, the new energy surplus made possible multiple lay-
ers of non-farm population, societal admininstration, and cities. Marketing, money,
and laws evolved on the backs of peasant (or slave) farmers. There was enough extra
energy and manpower to support armies and wars required to wage territorial, re-
source, and cultural disputes.
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A very erratic and slow increase in world population continued up to just several
hundred years ago. Additional food sources and room for growth came primarily
from exploration and settlement of new lands. Malthus’s prediction of population
limits was temporarily proven wrong because the exploitable world seemed limit-
less. Then, suddenly, inventions of new ways to exploit the convenient vast stores
of finite fossil energy, far beyond renewable wind and water, made possible and
began the industrial age. As would be expected, the unprecedented utilization of
non-human energy escalated the food-energy available for human consumption and
population growth.

A new (very short) high-energy age

The utilization of vast stores of pre-stored fossil energy, beginning with coal
two-hundred years ago, and followed by oil and natural gas, suddenly jumped
the ratio of food energy returned on personal energy invested (FEROPEI) to
as high as 300:1. One farmer could now feed three-hundred people instead of
six by himself or twelve with the help of animal power. Concurrently, in the same
short period, as would be expected, world population soared from one-billion to
seven-billion. This was due to many factors directly related to the sudden energy
bonanza. Access to formerly remote lands, genetic crop improvements, inorganic
nitrogen fertilizer, pesticides, energy-intensive farm equipment, irrigation, refrigera-
tion, packaging, and long-distance mobility all contributed to the modern lifestyle
now enjoyed by the industrialized world. Concurrently, giant strides in medicine
and health care vastly increased life span and population. But still, all must eat
with the same basic individual requirement of 8000 BTU per day. Figures 4 and
7 show the direct correlation between the sudden increase of oil consumption and
population. Figures 1 and 8 combine both as per capita utilization by the average
world inhabitant. Figure 1 shows the huge disparity in oil consumption between the
world average and extreme consumers as are living in the U.S.

In the past several decades the “green revolution” maximized food production and
made possible the seven-billion humans now needing food. However, this final push
is unsustainable and is causing new problems; for instance, genetically modified

(GM) foods may be linked to new health risks.

Resilience, an advantage of crop diversification, is absent. New pesticides, monocul-
ture, and herbicides also lead to super-bugs and environmental contamination. The
societal improvements promised by capitalism and industrialized agriculture are, in
effect, just more examples of temporarily polarizing wealth between the masses and
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the few who control the system. Finally, and obviously, the mechanization of
modern agriculture cannot continue without oil.

The link must break

Now, after a one lifetime span of almost free energy and resultant copious food, the
entire world faces the imminent decline (and eventual demise) of finite, fossil-fuel
capital and therefore must inevitably face a return to the food-production default
range with a FEROPEI as low as 6:1 or, at most, 12:1. This assumes individual
farmers can retain a semblance of traditional agriculture, knowledge, hard work,
and renewable energy, while drastically reducing non-food energy expenditures for
travel and keeping warm. This is the “end point” we must return to in the next 60
to 80 years while, in the same one-lifetime span, reducing the numbers to be fed
from the present seven billion back to, at most, one or two billion who must also
be located very close to their food source. Without fossil fuels, food can no longer
be produced in one area and shipped thousands of miles to market. Nutrients must
also be returned to their source. To suggest that the world will be able to feed the
UN projected population of nine billion by 2050 is totally incomprehensible in
the face of declining oil. This food-energy disconnect is shown as a “food gap”
in Figure 4 and this booK’s cover.

Can we return to “sustainability”?

Homo Sapiens will survive. Our ancient ancestors lived off the land and sur-
vived ice ages (without metal or plastics). But, in order to avoid total collapse first,
we must clearly recognize our predicament in quantitative terms and define exactly
what to do. We must get started immediately to allow time for a commensurate
population reduction through natural attrition instead of famine, war, and disease.
We will not make it without three basic prerequisites necessary in the time and
direction available:

1. Explicit knowledge and broad publicity of what to do, and why we (in-
cluding you) must get started immediately, especially networking this

story.

2. Negative population growth at a level of not more than one child per
female (or male).

3. A systematic reduction of American per capita energy consumption
from 22 b/b/y to 3 b/bly, including rationing, in the next thirty years.

All must be done.
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We should avoid wasting and/or fighting over the remaining oil. Never before in
recorded history has there been so singular a resource as oil for food, or the urgency
for a controlled descent from the ephemeral peak of energy usage we enjoy today.
No other species has achieved the feat of anticipating and systematically execut-
ing an energy and directly-dependant population reduction.

In my office piled high with pertinent web print-outs I have one, in particular, a
comprehensive classic (Theoildrum.com/node4628, Oct 20, 2008). It is a paper by
Peter Salonius, a Canadian soil microbiologist. The title, Agriculture: Unsustainable
resource depletion Began 10,000 Years Ago, and six parts including Part 4, Intensive
crop cultures are unsustainable, cover the entire theme that “human population num-
bers will have to be brought into balance with the sustainable productivity levels of
the local ecosystems upon which they rely for their sustenance.”

In Part 6 is a wonderful concluding paragraph:

Balancing of human numbers ro the productivity of their supporting local
ecosystems may be accomplished by planned attrition, much lower birth
rates and the economic dislocations and hardships that a retreat from
classical economic growth will incur, or the balancing of human numbers
may be accomplished by a catastrophic collapse imposed by natural resource
scarcity. The species with the large brain must make the choice between
economic hardship and catastrophic collapse.

PERSONAL FOOD PRODUCTION

At this point, I will switch from a macro-overview of fossil energy and the energy-
food dilemma to a few comments on all aspects of small-scale farming. Those who
grow at least some of their own food will be far more prepared for the coming changes
in the food-energy paradigm. “When the music stops, know where your chair is.”

As a context for this part of the discussion I offer a brief background: I grew up
during and after the second world war on a small “gentleman” farm in western
Massachusetts. We were surrounded by commercial dairy farms, tractors, and work-
horses. We had several riding horses and did our own haying. During the summers
before going off to engineering college in 1952, and with the help of a prewar
9N Ford-Ferguson tractor, I would grow several acres of heirloom, Golden Bantam
sweet corn “picked while you wait” to ensure the sweetness we take for granted today
with sugar-enhanced hybrids. Fast forwarding to 1980, I left the fast paced business
world. My wife, our one-year old son, and I moved to rural Maine to pursue new
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interests, a more peaceful life than world-wide new-product development, and the
possibilities of self-sufficiency on an old 175 acre farm.

With nine generations of “hard-rock” Vermont farmers in my genetic makeup, I
always feel a strong sense of satisfaction and renewal while growing our own food.
I will also add, in the last thirty years, and with the focus on our own well-being
and food sources, we have gradually segued from a home-grown meat diet to nearly
one-hundred percent vegan. We attribute much of our personal good health to this
transition. Now, after becoming immersed for the last decade in the looming oil-
energy crisis, I am especially concerned about if, and how, we could feed just my
wife and I without oil. We can argue about when, but someday within the several
decades, oil and the plentiful super-market food we take for granted will be in short
supply and/or very expensive. A gallon of gasoline in my chain saw or sixty-year old
John Deere already seems extremely important. Long distance bananas, pineapples,
and avocados will no longer be staples in our diet.

We must all start immediately to grow as much of our own food as possible.
This is the fun part and is the subject of a vast popular movement highlighted by
innumerable books, magazines, and web sites. Square-foot gardening, raised beds,
and permaculture are the new rage. Everyone should begin some form of personal
food independence. We don’t need thirty-million acres of lawns. Flowers aren’t very
filling either. An added bonus is that at least a small part of our personal human-
energy, inherently imbedded in our bodies for food acquisition, will again be put
to use as nature intended ... accessing more food. We will be far healthier and be-
come more insulated from the poor nutrition and fragility of a giant, long-distance,
energy-intensive food chain. In addition, if we were smart and resolved the battery
problem, we could begin to integrate new solar-electric technology into our more
self-sufficient low-energy lifestyle.

Without fossil fuels it will be impossible for the vast majority to live in cities or ur-
ban centers that are not directly surrounded or down river from extremely produc-
tive farmland. We do have some hope for a future far better than our hard-working
ancestors who had no electricity or photovoltaic “slaves” ready to go to work when
the sun shines. The magazine, Acres, (acresusa.com) carries a vast catalogue of hun-
dreds of books from organic farming to eco-gardening. Another unique publication
that seriously addresses post-oil age food challenges is Countryside and Small Stock
Journal (countrysidemag.com). See quote on my book’s back cover by Countryside

founder: J. D. Belanger.

In addition to growing our own food, and while energy is still plentiful, we should
begin to accumulate a personal and family food reserve. Dried, canned, or bottled
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foods will keep for years. Our rural ancestors always kept a winter’s supply as well as
seeds and feed for their animals. In addition to traditional canning and a root cellar,
we can have a modern electric freezer to extend a surplus harvest, as long as grid or
PV electricity is available. We have been routinely testing and eating dried lentils,
split peas, rice, and beans that have been sealed and stored for over fifteen years.
They may not taste quite the same as fresh, but when boiled are perfectly safe and
would be far better than starving.

How much do we need?

From a base-line, human-energy requirement (assuming 5,000 btu per pound ener-
gy-equivalence of dry weight for food) and an average of 8000 btu (2000 kilo-cal-
ories) per day, we each need about 500 pounds of food per year. Remember, we
are always talking about dry weight. Most of our food is harvested or purchased
with over 60 or 70% water content (like our bodies) and water does not provide
any of the energy/fuel we need. Fat and meat have higher concentrations of energy,
closer to 10,000 btu per pound (pure fat is like petroleum products at 15,000 btu
per pound). For food independence and security for one year, a vegetarian family of
four would need a stash of a ton (2000 pounds) of dry weight plant foods.

Current “just-in-time” super market inventories will only last a couple of days in an
energy crisis. The traditional dry-storage of dependable foods like grains, beans, and
corn (and a heavier weight of potatoes, squash, root crops, or fruit) now make sense.
If we don't eat them, we can replant or barter with neighbors. As an alternative, for
ready-prepared survival food, good for up to 30 years of storage, a good place to start
is: www.thefoodstore.com.

More quantitative details

To grow your own food, think of green leaves as photosynthesizing solar panels
which chemically use solar energy to combine water and nutrients from the earth
with CO, from the air. Because incoming solar radiation energy is very dilute and
intermittent, it requires considerable time and area to grow a pound of dry weight
(not including water) biomass. This is why the solid parts of a plant, like the stem,
tree trunk, gourd or seeds, need much more green foliage spread out onto a wide
area like a solar panel. It’s the same energy storage problem again. The solid part of
the plant conveniently concentrates and stores substantial energy for use later when
needed for survival and reproduction.
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To supply the average, individual, annual energy-requirement of 500 pounds
(dry weight) in a one year growing season, about 1/4 of an acre (11,000 sq.
ft.) of good productive garden surface area is required. Vertical plants like corn
and pole beans need less area because they access more sunlight energy for a given
ground area, but need more soil-nutrients and water. In addition (usually overlooked
or ignored fact), if this system is to be sustainable, the human waste or equivalent
biomass and nutrients removed must be returned to their original source.

Any permanent removal or burning of biomass destroys the cycle. This fact,
plus extremely poor EROEI, are among the many reasons why biofuels for mo-
tive power are absolutely non-sustainable.

In addition to space requirements and nutrient-import/export problems, to grow
meaningful quantities of food, we must confront the human-energy input require-
ment. Assuming near-by arable land is available (not more than walking dis-
tance), how can one strong farmer do all the ground preparation, planting,
cultivation, and harvesting to feed himself and five others from 12 acres at
the historical maximum of a 6:1 FEROPEI? How do those, who are not farmers,
reimburse the farmers? They must have something as valuable as food. How do we
power the farm from a personal to nationwide level? These are the basic quantitative,
physical, economic, and ecological limitations we must respect. They are the foun-
dation for our entire food discussion, from a personal to a national level. To start, we
could become much more food-efficient with respect to waste. But that would only
postpone the inevitable tension between mouths to feed and supply limitations.

Richard Heinburg in his book, Peak Everything, suggests we need “fifty-million
farmers” in a U.S. without oil and 300+ million people. This number agrees exactly
with my 6:1 FEROPEI ratio. In their book, A Nation of Farmers Astyk and Newton
would rather see everyone growing food. For protein, the affluent western world
has become very dependent on animal products including dairy. Unfortunately this
is a double-edged sword. Domestic animal food requires approximately ten times
as much energy input for the net output of human-food energy. In addition, this
practice has made us less healthy. Animal protein may be (along with excessive sugar
consumption)one of the primary reasons Americans suffer from obesity and have
over twice the per capita health care costs as the rest of the world. Studies have
shown that many industrialized-world health problems can be traced directly to
the substitution of animal protein for vegetable protein. See: Campbell, 7he China
Study (Benbella Books, 2005); Lyman, Mad Cowboy (Touchstone Books,1998);
Rifkin, Beyond Beef (Penguin Books, 1992); and, from an extreme athlete’s perspec-
tive: Jurek, Eat & Run (Houghton Mifflin, 2012).
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Water

So far in this short discussion about food and agriculture we have not considered the
obvious need for plentiful water at the right time and place. Droughts and climate
change are hastening the tipping point of our demise. The summer of 2014 was
unprecedented for high temperatures and lack of water for more than 50% of the
U.S. California is nearing the point where rationing will be needed for equi-
table distribution. Irrigation depends on power and an adequate water table. When
there are food shortages we forget that, historically, population tends to increase to
the limits of carrying capacity during the good years. Then the weather is blamed for
crop failure and catastrophe; not the extra population added during the good times.
The increased tension (“link”) between a growing population and declining crops
invariably leads to societal collapse. Which was the root cause, over-population or
climate change?

Input power and energy

To provide a self-sufficient, personal level of food production using any size of garden
larger than a few square feet without fossil energy is a huge challenge. Draft animals
are problematic because of their requirements for year-round input energy (food),
animal husbandry, replacement, and specific horse-drawn equipment. Besides, they
don't interface well with electric power like lights or motors, especially in winter.

A modern answer to provide agricultural energy as a supplement to human labor is
the solar panel. The farmer has complete control of this source and may or may not
be connected to an electrical grid. Just two 175-watt PV panels in the direct spring
and summer sun are equivalent in power to five adults working non-stop without
rest or food-input energy. Four of these panels would provide one horsepower.
They could provide the same energy/work in one hour as a draft horse, again, with-
out food or rest.

The problem, as always, is to store the energy in a sufficient quantity to continue
doing serious work for an extended period. A farmer can’t graze a battery-powered
tractor. He must return to, or have on-board, solar panels and plentiful sunshine.
He must also have provision for battery recycling as discussed in Chapter 5.

A solar-powered vehicle like the 48-volt golf cart with two panels equaling 350 watts
of PV described in Chapter 5 can do it all except the initial plowing or harrowing.
With a long 14-gage extension cord, the on-board 2500-watt inverter will easily
power a 24” rototiller/cultivator. It can also be used for personal transport of up to
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100 miles with a 150 ampere hour lead-acid battery pack and no solar input. It can
power a 3% hp electric chain saw (try that with a workhorse), water pump, or an
electric lawn mower if still needed after most of the lawns have been converted to
food production. The solar-powered golf cart concept/size is an excellent portable
power source which could also supply grid back-up or minimal alternative
power for one family’s residential needs. For gardening needs, one golf cart could
support a neighborhood of up to six families and provide the mobility and food-
transport between market and farm at fifteen mph. Traditional draft-animal power
is limited to five mph and is much less desirable on a personal basis because of the
needed skills, animal husbandry, and hay and grain input energy to feed the animals
(horses or oxen).

Access and ownership

Still another hurdle barring the return to personal agriculture is who owns the land?
In the days of share cropping and tenant farmers, a portion of each individual farm-
er’s meager output answered that question in a form of rent. Without ownership,
legal access, fuel for travel, and nearby homes, how can individuals who are not
close to, or do not own, arable land become farmers? Unless these questions
are answered long before we run short of oil there will be a total collapse of
property rights, law, and civility. We cannot expect millions of small farmers to be
suddenly, evenly and peacefully, dispersed across the land, or to invest their precious
energy into reclamation and production of land they dont own.

By now it should be clear why excess energy for any non-food related form of travel,
frivolous or otherwise, will no longer be available. As this reality sinks in, we see
why extending the oil age as far as possible with reduced consumption, im-
proved efficiency, and equitable fuel rationing; all combined with controlled
population reduction, are our best and only options to mitigate the descent
from the oil age. Familiar long-distance diesel for boat, rail, and air travel, and
transport also cannot continue without liquid petroleum-based fuel. Chapter 7 ex-
pands a detailed discussion of energy, transportation, and rationing. All these per-
plexing challenges lead back to the central theme beginning in Part I of this
book: our only possible path to avoid collapse of our modern lifestyle is to im-
mediately reduce American per capita oil consumption from the present level
of 22 barrels per person per year (b/p/y) to the world average of 3 b/pl/y.
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Local (community) food production

Contiuing the argument for rapid growth in personal agriculture, the aggregation of
like-minded individual families into sustainable support groups is gaining populari-
ty throughout the industrialized world. Community Supported Agriculture (CSAY),
localization, eco-villages, and transition towns are becoming popular movements.
These all offer potential economies of scale and specialization that are superior to in-
dividual farming. There is also more resilience against weather variations, individual
farmer’s health, mistakes, pests, and poor soil management. If all goes well, there
should be a surplus for local sale but commercialization adds the requirements for
distribution, product quality, dependability, marketing, and some form of currency
beyond barter.

On the negative side, community-sized food operations are still limited by the
same space vs. population-to-be-fed constraints as the individual family farms
that are its base. No longer will there be availability of food imports from other
communities or more distant farms. The limitations of decreasing fossil fuels, es-
pecially oil, will be universal. There will be less transportation energy to package,
preserve, and ship food as we do today.

There will be less possibility to recycle exported nutrients. Ultimately, every
farmer faces the physical need for at least 172 acres of nearby arable land and provide
one hard-working individual to support five people beyond him/herself. Community
centers (towns) will have to revert back to the pre-oil days with not more than a
15 mile walking radius to the surrounding farms. This circular area of over 450,000
acres is more than enough for wood lots, pastures, and recreational space for thou-
sands of families, providing the minimal area of tillable land is adequate to feed ev-
eryone in the encompassed community. The wood lots will also have to provide for
home and public building heating at a sustainable level not exceeding one cord per
acre per year. How would the wood be harvested, fitted for firewood, delivered
and reimbursed? Even one cord per year is not truly sustainable if the nutrients
(ashes) are not returned to the wood lot.

A solar-powered golf cart-sized machine cannot provide the power and energy stor-
age for ground breaking like plowing, rototilling, harrowing, and other high-power
tasks we take for granted. A scaled-up answer, other than reverting to draft ani-
mals, could be a larger solar- powered tractor as described in Chapter 5. A 20- to
30-horsepower tractor can do these heavy tasks as well as hay-mowing and bailing.
Unfortunately, 1200 pounds of lead-acid batteries will only store about 12 kWh of
energy at 60 % depth of discharge (DOD), the equivalent of 1% gallons of gasoline.
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This is only enough for up to one hour of typical 15hp work, enough to prepare
about one-quarter of an acre. But it is far better than doing it by hand or having to
support draft animals on a year-round basis.

More reality

A nearby 1%2 kW (eight-panel) array requires at least eight hours of direct sun-
light to recharge the large tractor. The 1200 pound lead-acid battery pack would
cost about $3,000 and have to be recycled (where?) every 5 years or 500 cycles. An
alternative might be a $20,000 lithium-ion battery pack which could store four
times as much energy and plow more than one and a quarter acres (like a good team
of horses in a long day); but the 1%2 kW PV array would then take at least four days
to replenish the 48kWh of energy. Grid charging works well and the 120 volt dc
tractor battery pack matches the 120 volt ac grid voltage for charging with a simple
rectifier and no transformer.

And always we must ask the question: where does the grid energy come from?
Coal, natural gas, nuclear? All are finite sources and wind or hydro power are not
even close to supplying a fraction of our total energy needs. We can hope that com-
munity-scaled agriculture has a potential yield and resilience beyond personal farm-
ing, but closer analysis reveals the same limitations plus additional problems of labor
management (shirkers?) and equitable distribution of food, income, and nutrient
return. More on these subjects in Chapter 9.

National (U.S.) Food Production

Unfortunately, without liquid fossil fuels, neither personal nor community-
scale agriculture could supply a tiny fraction of our national food system and
the population we have today. We cannot suddenly transition from one million
farmers to fifty million. The present system of industrialized agriculture is based on
only twenty-percent of the farms to supply eighty-percent of the food. The U.S.
agribusiness system and nation’s population are totally dependent on oil (and
natural gas for nitrogen fertilizer) for daily food requirements. Without oil, one
farmer cannot possibly feed 300 people, especially if the consumers are 2000 miles
away. We can dream all we want about personal and community food production,
but the numbers are totally unrealistic on a national scale. Maybe 100-hp electric
tractors are conceivable, but where is the time and capital to build these machines
and solar energy to recharge the batteries going to come from? This is where reality
sets in and why we must immediately begin to ration liquid fuels to buy time,
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conserve our country’s oil, and shift away from an unsustainable system in
the same (less than one lifetime) time frame required to downsize population.
It seems totally absurd and myopic for Americans to go on burning through one-
fourth of the world’s (including our) remaining oil, to continue our oil party as fast
as we can, when we can clearly see that, in the lifetimes of most of us alive, we will be
short of food. A frivolous trip today wastes finite fuel better saved for a combine (or
chain saw) thirty years from now. We cannot plan on biofuels because they com-
pete with food crops and take about as much input fossil-fuel energy to grow
and process as they yield for useful work. Biofuels are also totally unsustainable
because they abruptly break the soil-energy-nutrient cycle.

We can envisage vast teams of mules or horses on the high plains, but we would still
need concentrated energy for food preservation, packaging, and long-distance trans-
port. As oil becomes more expensive, we are now leveraging it further to grow even
more food with larger tractors and less labor. Presently, it is possible for two farmers
to plant one-thousand acres (!) in one day with a 36-row corn planter. Americans
can still go to the supermarket and buy pork or chicken “specials” for 99 cents per
pound. It is exactly this trend and dependency on petroleum fuels that has driven
the small farmer out of competition and idled millions of acres of old marginal farm
land closer to the consumer. This is another example of profit-motivated capitalism
leading us farther and farther out on the finite-energy limb without the foresight
to turn around and climb down. Also, a steady increase in fossil-energy-dependent
food-cost, combined with decreased surplus available for export is having devastat-
ing effects on third-world consumers who became “hooked” on imports, overpopu-
lated, and lost their local subsistence food system. The question asked many times
begs an answer: “Are humans smarter than yeast?”

A sovereign nation like the U.S., with a remaining endowment of oil, could conceiv-
ably extend an oil-based, high-energy, nation-wide food system, but only for a few
more years. Remember, fact: one-half of all the oil extracted and consumed to
date, in the history of the oil age, has been used in the last 25 year-long, one
generation span. As is well documented, the extraction of United States (includ-
ing Alaska) oil extraction peaked 40 years ago, then declined to one-half that rate.
Now, because of higher oil prices which supported improvements in technology and
production from non-conventional sources we have returned to 75% of U.S. peak
extraction rate of the seventies.

The 2012 election year platforms from both parties promised to restore growth and
prosperity while ignoring the steady addition of over three million mouths (approxi-
mately one-percent growth) to feed each year. Smaller, high-energy countries like
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Japan and the UK are in much worse shape. Meanwhile, we Americans continue our
lifestyle of fast travel in monster vehicles, fueled, in part, with corn-based ethanol.
Very few Americans are ready to hear about downsizing population and rationing
gasoline. The price of gasoline reached almost $4.00 per gallon in the spring of
2013 then collapsed in mid 2014 to half that level due to a temporary glut from
decreased demand. How many Americans see fuel prices as part of a national food
problem that can not be solved with proposals to substitute natural gas, ethanol, or
algae biofuels for oil?

Global food production

Figure 4 shows the two-lifetime correlation (link) between oil extraction and popu-
lation as a basic theme for this book. We are pushing the limits of our finite global
carrying capacity made possible with one critical resource, oil. One local region or
community might temporarily flourish while others collapse, but the planet is
a closed system with nowhere else for humans to go, and only “finite” resources
to access. All subsets of this complete system must average out to the numbers
and X-axis time scale in Figure 4. Even in the oil age, already a third of the world
is suffering from food shortages. Anarchy and riots will become more frequent as
in pre-industrial-age revolutions when food ran short. The “food gap” is growing.
We are at a point in time where fewer individual nations have a chance to cope
with their own food security, energy conservation, and population reduction with a
minimum of human suffering. Instead, we Americans expend prodigious amounts
of our children’s energy-legacy to police the troubled world and keep the remaining
oil and exported food flowing into wealthier countries like ours. It is impossible
to talk about the future of food without including the subjects of population and
geopolitics. We must begin a conversation about food and peak oil and how this
nexus (“perfect storm”) relates to almost every other serious subject in the daily
news. Climate Change (man-made or not), water supplies, top soil loss, de-
sertification, fisheries depletion, habitat destruction, peak phosphorous, peak
potassium, and chemical pollution are all part of a bigger picture and cannot
be considered separately.



CHAPTER 9

Downsizing and Localization

LIMITS AND LOCALIZATION

Continuing beyond Chapter 8, and at the risk of redundancy, I will add a few more
thoughts to these two directly-related terms. The word “limit” is fundamental to
our human predicament. There are a number of books in the included bibliogra-
phy which use this word in the title. It is difficult to comprehend how, with finite
(synonymous with limited) energy and resources, a system can continue to grow. A
farmer cannot keep adding livestock and feed more people when his farm is limited
in size and ultimately, in productivity. Continued attempts to exceed the physical
limits with more difficult sources of fossil fuels and/or new technology will only
postpone the day of reckoning and exacerbate the consequences while population
continues to grow.

These are the same limits to the concept of “localization.” A growing number of
communities around the country consist of a handful of individuals who under-
stand the unfolding energy crisis. The Transition Town movement is an example.
Maybe if a few of us just circle our wagons we can weather the storm and live
happily in a self-sufficient community.

Population

It’s the same problem regardless of the community size. If a local group increases
in numbers per the methodology defined in Chapter 6, and exceeds the carrying
capacity (“limits”) of its resource base, the per capita food supply will most certainly
fail. Figures 4 and 7 show population with two children per female (2 cpf) continu-
ing to grow regardless of community size and without immigration or exporting
people to other closed communities. Growing the community’s food requirements
is the goal, but how about the canned goods, protein (animal or otherwise) condi-
ments, bananas, oranges, chocolates, paper goods, matches, soaps and all the other
extras we routinely pick up at the super market?
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And remember, any draft animal assistance for work or travel must also be fed from
the same working land which reduces the food available for human consumption.
It takes about one-fourth of the productive farm area just to “power” the farm with
horses or oxen. The same one-fourth rule of thumb holds true for biofuels grown on
the farm assuming the extensive infrastructure and capital investment are available.
Biodiesel or ethanol production are far beyond the skills and equipment available
on individual farms.

In addition, for long term sustainability, all nutrients and energy-equivalents
of food that leave a specific area of arable land must be returned directly to
their original source in the form of manure and waste products ... including
“humanure.” (See 7he Humanure Handbook by Joseph Jenkins.) To export food or
rely on imported fertilizer and compost defies the principals of closed-system self-
sufficiency. Also, long-distance movement of food and/or return of equivalent nu-
trients is impossible without fossil fuel energy or water transport. The Romans were
fortunate to live on the Mediterranean Sea, but still found that land transport was
limited to a few hundred miles because the energy required to feed the draft animals
for their muscle power was greater than that in the food being moved.

Local heat and hot water

Without finite fossil fuels, the only renewable source of domestic heat other than
sporadic solar-thermal is firewood or some other form of biomass. It takes about
one acre of good wood-lot to yield one cord (2000 pounds dry) per year without
depleting the base forest. Without fossil fuels how will this wood be harvested and
transported to the home except by muscle power? The only answer is solar-electric
as described in Chapter 5. In addition, repeated cycles of cutting firewood are no
more sustainable than removing hay or food from the land without returning
an equivalent quantity of the removed nutrients.

Travel

A localized community is restricted by limited travel. Up to a 15 mile radius from
the social center is all that is possible by foot, animal, or off-road bicycle. This was
the case with small towns in pre-industrial days. Asphalt-paved roads will be crum-
bling. Maintenance will be curtailed as heavier oil byproducts of fuel production
for all forms of liquid-fueled vehicles become unavailable. We will never go far or
fast again, or move large loads without oil or synthetic liquids (synfuels) from
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coal or natural gas ... both requiring massive amounts of energy input and
contributing to climate change. Biofuels for travel or transport will not happen
because of unavailable fossil fuel energy input. See Chapter 4.

Most people live too far from bodies of water for barges or sailing. That is why early
population centers began near the potential for water transport or where canals were
dug ... by muscle power. We've already used most of the high-energy anthracite coal
that was necessary for trains. Wood power for steam engines, or gasification will be
very limited by availability, the energy required to produce, and very poor (about ten
percent) efficiency. Again, the only modern alternative is electric power which can
access the energy from PV panels, wind, or hydro power, as supplied by a third rail
or carried along in a heavy, expensive battery.

Everything else

For the needs of a self-sufficient “localized” community, we could start an alphabeti-
cal list and not get much farther than “b” or “c” before becoming hopelessly bogged
down with all the day-to-day needs we take for granted in our high-tech, oil-fueled
life. Where else will these be made, and with what energy, in a post-oil age? It is
well documented that far-simpler societies than ours collapsed because of spe-
cialized interwoven dependency. See The collapse of Complex Societies by Joseph
Taintor. Back to the “b’s”: bulbs, bullets, batteries (of all types), bottles, bicycles,
sanding belts, v-belts, bolts (and nuts), brushes..and so on.

And the “cs”: computers (repair?), cans, chains, coins (will they suffice for barter
and wealth indebtedness?), candles, canvas (no more plastic tarps or hoop-house
covers without petroleum-based feed stocks), copper cartridges for lead bullets, ce-
ment, coffee, clocks, cloth, copper wire, cords, and many more. Steadily increasing
complexity will soon cause the entire system to unravel. No single community
can be responsible for everything. Specialization creeps in until everyone is an
integral part of a much-larger, very fragile whole. Many diverse hands, minds,
and local materials are overwhelmed by the failure of any single cog, energy, or
other essential non-renewable resources.

In addition to the basic necessities of food, heat, and shelter, each functioning civil
organization must provide the human energy for myriad other activities we take for
granted; like education, health care, local administration, social interaction, formal
interaction with other community centers, civil control, and security from a local
to national level.
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By now, the argument should be clear: a few cannot expect to isolate them-
selves from the highly-structured, high-tech life style we now enjoy. Despite
the comradeship and mutual support found in a “localized” movement, there
is no hope that local resilience or transition towns will shield us from the im-
minent macro-energy and over-population crises. Concerned people (You?)
that begin and participate in local groups are usually those who have the best
grasp of the enormous challenges we face. You should be the most vociferous
by “networking” these thoughts on the largest scale possible. Finally, a func-
tioning local community cannot expect to “export” excess progeny to other local-
ized communities which are also struggling to keep within the limits of their own
finite carrying capacity.



PART IV
TWO DIRECTLY RELATED SUBJECTS

To conclude this book we turn our attention to:

How the fossil-energy age will end while hidden behind a confusing interaction of
economics, terminated-growth, and the cost of oil.

What kind of leadership can best lead us into an acceptable post-hydrocarbon age?
Traditional democratic forms of government will not function for growing masses
of unhappy constituents each trying to preserve his or her piece of the comfortable
past, or just trying to survive.
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CHAPTER 1 O

Economics in an Energy-Constrained Future

ENERGY, THE LIFEBLOOD OF AN ECONOMY

Economic success, growth, and an affluent (happy) consumer lifestyle depend di-
rectly on an abundance of inexpensive readily-available energy. Conversely, the
quantity and type of energy can have a very adverse effect on the surrounding envi-
ronment and world ecological balance. It then follows that leadership and politics,
for the governance of civilized societies, should be intimately concerned with the
tight connection between economics and energy. Now, at this unique and critical
time in history, we are facing the unprecedented terminal decline of oil, our prime
energy source. Following soon, in the next several decades, will be diminishing avail-
ability of all finite fuels.

The advocates of related subjects, for instance climate change (man-made or not)
or stimulus proposals for continued economic growth, do not factor in the diffi-
cult, if not impossible, transition and immense challenges facing us as we enter the
second half of the short fossil-energy age. Without energy to make things hap-
pen, nothing grows, moves to a new place, or expands. Bodies wither and die,
civilizations contract and collapse. Yet there are leaders and experts who would lead
us to believe otherwise, that “finite” does not mean the dictionary definition, or a
shortfall will magically produce “substitutes.” Oil still supplies over 37% of our total
energy including 90% used for all modes of modern travel and most of the fuel for
construction and transport. In addition, we've come to depend on thousands of pe-
troleum-based products from lubricants to plastics. There may be “plenty left,” but
oil is steadily harder to find and more expensive in terms of input energy and wealth
required for extraction from a growing percentage of unconventional sources.

Equating economics, energy, and oil

At this point, I will insert a stand-alone essay I wrote seven years ago. It was posted
on Theoildrum.com/node5621 on August 1, 2009 and led to a long, wandering
79 page blog- discussion about the validity of electric tractors, and the potential of
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nuclear energy without the support of petroleum inputs. This is another example of
seemingly infinite web information falling on deaf ears and not making a speck of
difference as we (the U.S. and world) slide off the per capita oil cliff. I don’t profess
to be an economist, but it certainly appears that most economists don’t want to
confront energy, finite resources, and population growth. Politicians surround
themselves with the most renowned, comforting economists and perpetuate
the standard myths that scarcity will produce substitutes and increased cost
will drive perpetual availability. Anyway, following is a humble retired-engineer’s
opinion:

A. NOTHING OF SUBSTANCE MOVES
OR GROWS WITHOUT ENERGY

This includes a body, a bird’s nest, population, a building, a road,

or a civilization. Energy is arguably the most important word in the
dictionary. Oil is presently the world’s primary source of energy,
providing almost 40% of all energy and over 90% of transportation
fuel. (Fuel is another term for energy.) Energy is necessary for and can
be represented by warmth or heat resulting in a higher temperature
over ambient surroundings. Most of the world’s energy came from

or is coming via radiation from the sun’s fusion, albeit dilute and
sporadic as it reaches the earth. Exceptions are nuclear fission,
geothermal, and tidal.

Power IS NOT energy. Power is only a measure of the rate that

energy is being used or changed into a different form. It IS NOT
synonymous with energy yet is loosely used that way by the media and
“experts” which further confuses the public. Energy CANNOT BE
BORROWED from the future. Next week’s food won’t assuage today’s
hunger.

B. WORLD PRODUCTION OF PRE-STORED OIL (representing
millions of years of conveniently stored solar energy and photosynthe-

sis) HAS PEAKED.

Conventional (light and easily accessible) oil reached a maximum of
over 75 million barrels per day in 2005. All liquid fuels including
tar-sand oil, heavy oil, deep off shore oil, polar oil, natural gas liquids,
and bio fuels peaked at about 85 million barrels per day in the third
quarter of 2008 (see Figure 3 for 2014 update). These numbers are
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C.

historic facts as presented by the International Energy Agency and our
own Department of Energy (eia.gov). U.S. production peaked in 1972
exactly as predicted in the 1950’s by M.K. Hubbert. This fact resulted
in the “energy crisis” of the seventies and a sharp increase in the price
of oil as well as a temporary reduction of world oil production. This
early warning was quickly forgotten and superceded by vast new
sources of world oil from our Arctic, the North Sea, Russia, Mexico,

South America, Africa, and the Mid-East.

WE LIVE IN AN ECONOMIC SYSTEM ENTIRELY
DEPENDENT ON GROWTH

Our prosperity needs the promise of a future return of principal PLUS
interest to justify the investment of present principal. This worked well
for the last one-hundred years as long as there was always an excess of
cheap pre-stored fossil energy available to “fuel” the growth. (For this
premise, we will ignore inflation and speak in terms of real growth.)

. THE CRUX: NOW THAT PRE STORED ENERGY,

REPRESENTED BY OIL, HAS PEAKED AND IS IN TERMINAL
DECLINE, GROWTH AND OUR ECONOMIC SYSTEM
CANNOT CONTINUE. (Conventional oil is still “plateaued” into
2015, but per capita oil has steadily declined. See Chapter 1.)

Prosperity, food to feed a growing population, an oil-based
transportation system, and new building are all forms of energy
dependence, which must now go into terminal decline.

This is a geophysical constraint, not choice or something that can be
avoided by changing the laws of physics, political action, increasing
demand, or wishful thinking. Civilization and our cheap-energy
lifestyle are on the verge of collapse. The longer we deny the situation
and try to perpetuate the party, the more severe will be the crash and
fewer will be our options.

ONE SOURCE OF CONFUSION IS THE HIDDEN PRICE OF OIL

If oil is becoming scarce, why is oil (sometimes) less expensive? This is
where things become more complicated. The price of oil only reflects
the delicate balance of multiple transactions between consumers and oil
producers. If consumers have a declining ability to pay from past, stored
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wealth then there is less real value to support ever-increasing costs to ex-
tract the remaining more-expensive oil. As more of the world is producing
less of everything (especially energy-dependent food) because of energy-
curtailed growth, only the decreasing sources of cheap oil are competi-
tive. Out-of-work consumers cannot support new oil exploration and the
remaining expensive, non-conventional sources, which were supposed to
save us. So, the price deflates to a lower level.

If the economy begins to revive a little bit, the increased demand drives the
price of oil back up until the declining, remaining wealth cannot support
more-marginal, more-expensive sources. Fewer, poorer customers result

in more-desperate suppliers, the only ones who can still produce relatively
cheap oil, or who must keep their population under control at any cost.
The end result is the beginning of the second half of the 200 year oil age.
The first half (hardly more than one lifetime) was typified by growth,
prosperity, and increased population. The second half will only be the
opposite unless we recognize the enormity of our dilemma and quickly
initiate emergency damage control and drastic measures such as are sum-
marized in the acronym: LEARN ... Localization, Education, Adaptation
of solar power (in its several varied forms), Rationing (of remaining fossil
energy starting with gasoline), and Negative population growth (on our
terms rather than waiting for more abhorrent catastrophes). Nowhere in
this essay have the terms “global warming,” “climate change,” or “envi-
ronmentalism” been mentioned. These are obviously related to energy, the
hyper-consumptive fossil fuel age, and are of dire concern. It is this writer’s
opinion, however, that these issues tend to divert focus from the imminent
energy-economic crisis, which is not well understood and conspicuously
absent and avoided in the media.

ECONOMICS, FAST FORWARD TO 2015

Now, almost ten years since “peak oil” became a controversial term and the great
recession of 2008 is behind us, the world and U.S. economies seem trapped in a web
of contradiction. In six months, the price of oil suddenly plunged below the fifty-
dollar range. The stock market is bouncing around an all-time high. Unemployment
is down below seven-percent. The economists, politicians, and media are self-re-
inforcing the conventional wisdom that demand and new technology has (and
always will) provided the necessary oil for the resumption of perpetual growth.
Any talk of population control is contrary to the economic wisdom that: “new
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growth will be supported by new consumers.” The words “finite” or “contrac-
tion” along with climate change are relegated to a fringe of abstract intellectuals.

Meanwhile our leaders lurch from debt ceiling, to sequester, to threat of shutdown
as they fail to admit or understand why the growth of the first half of the oil age
cannot be extrapolated onward and upward. It is fact that very wealthy individu-
als, banks, and corporations have cornered most of the trillions of dollars of U.S.
residual wealth. They are reluctant to jump into new capital investment because
they seem to intuitively know that largely underpaid or unemployed masses can
not support continued growth. The middle class economy has been decimated by
the export of good-paying manufacturing jobs along with increased costs for food.
An ever-increasing population doesn’t get paid enough to be significant consumers.
Increased numbers of older generations must keep working because of zero inter-
est return on their investments. They compete with new, younger job seekers for
depressed wages which are not enough to cover the cost of living. Meanwhile, the
wealthy own the remaining assets, have a substantial income, entitlements, or have
a financial interest in the temporary resurgence in domestic energy. They have few
places to park their inordinate share of the economy to protect it from inflation.
We need bold new leadership that understands the limits of growth and reacts to an
informed constituency that demands action.

It’s up to you to get involved. Raise your voice. Listen carefully for substantive
discussion of declining energy and/or increasing population (including immi-
gration) in the 2016 election year. Which prospective candidate could become a
leader as discussed in the next chapter?






CHAPTER 1 1

Leadership and Politics, How Will We Get There?

POLITICS AND GOVERNMENT

Regardless of their form of government, the great civilizations of the past, like
Mesopotamia, Mycenaean Greece, the Roman Empire, and the Chacoan Society in
our own desert southwest; grew and ultimately fell because of the tension between
population, climate, and dependency on sporadic, daily solar-energy input. Even
slaves, who were the preferred source of work for the affluent before the industrial
age, required food/energy input. The underlying need for energy is universal for
every successful species. Humans are no exception. Yet, we take for granted the
easy life we've enjoyed in the industrial age because we learned how to enslave
millions of years of concentrated ancient sunlight-energy in the form of con-
veniently-stored, finite, fossil fuels. Read the 2012 title that eloquently addresses
this subject; 7he Energy of Slaves: Oil and the New Servitude by A. Nikiforuk.

In America we are governed by the constitutional framework of a Democratic
Republic. We elect our lawmakers and leaders for a system of laws, checks, and
balances. We have a federalist concept of shared rights between states and central-
ized government. This arrangement, despite the difficulty of long-distance travel,
worked admirably well for two-hundred years. Our population was sparse and ex-
panded into a land of seemingly unlimited natural resources. A second resource
bonanza, this time of pre-stored and nearly-free energy, fueled a booster shot for
continued unfettered growth. This unprecedented surge of easy energy made pos-
sible a high-technology lifestyle, surplus food, freedom from drudgery, and magical
travel. Capital investment, based on the promise (premise) of never-ending growth,
and return of investment plus additional profit, provided the financial backbone to
“capitalize” on the fossil fuels. A common citizen could now live as a king in pre-
industrial times with the “Energy of Slaves” at his/her beck and call. Despite
the setbacks of two world wars and one great depression, economic and population
growth expanded in unison.

Then, just after the dawn of the twenty-first century, the abundant fossil-energy
foundation for this unprecedented prosperity began to level off onto a bumpy
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plateau. By mid-2005, conventional crude oil, by far the best and only fuel for mod-
ern transportation and easy agriculture, quantitatively peaked in world production
at just over 75 million barrels per day. As this is written ten years later, that “peak”
is still being traversed, but not exceeded. These are unarguable, historical facts per
the U.S. Department of Energy (DOE) regardless of political or media obfuscation.
The resultant, inexorable tension between growing demand and constrained supply
led to a sharp increase in the cost of energy and a monumental recession. The inevi-
table correction began in a housing market dependent on easy lending; both directly
dependent on continued, extrapolated perpetual growth.

By summer of 2014, Americans were spending over one billion dollars per day of
their dwindling income just for gasoline. Most of this to drive vehicles too big and
too fast (see Chapters 1 and 7). This does not include fuel oil, diesel, and jet fuel.

The increasing bite into the family budget left less for mortgages, local and national
discretionary spending, and especially food, which is directly tied to the cost of en-
ergy and therefore also becoming more expensive. A steady destruction of demand,
beginning with gasoline in 2005, finally caught up with the production of all liquid
fuels. The result led to a sudden over-supply of oil and the collapse of price going
into 2015. The normal reaction in time of glut has been to store as much liquid fuel
as possible. Since it is difficult to store energy, five-hundred million barrels in stor-
age sounds like a great deal but is only twenty-five days of U.S. consumption. The
numbers only serve to convince the public that we have copious energy for future
use and any talk of “peak oil”, rationing, or a terminal oil-age falls on deaf ears.

A tale of two freedoms

With that background, we can better understand much of the divisiveness that has
invaded our two-party political system. Liberty and the pursuit of happiness for
all are fundamental tenants of our original constitution. When he was president,
FDR’s second Bill of Rights taught “Four Freedoms”: freedom from want and
fear in addition to speech and religion. A conflict between the first two of these
basic expectations and personal liberty now comes into sharper focus because the
increasing scarcity of cheap ubiquitous energy can no longer provide freedom
from want for everyone. Finite, natural limits cannot supply enough food and fuel
for an ever-increasing population. This dilemma is already the norm in the third
world and is steadily creeping up the income ladder in our industrialized societies.
This fact underlies why we have gross wealth disparity with a very few rising above a
shrinking middle class, in turn, absorbed by a rising tide of the poor.
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As energy becomes less available and more expensive, should wealthy indi-
viduals have unfettered “liberty” to access fuel, food, and all other energy-
dependant needs, even if it increases “fear and want” for others? This dichotomy
must be addressed. It is becoming physically and mathematically impossible, even
in the U.S., to feed, keep warm, and maintain mobility for the present population
while inexpensive oil supplies are stretched to the limit and nearing the point of
permanent decline. This concept may be difficult to accept, but it is very real for
the 80% of the population, who have only 20% of the remaining wealth. Without
cheap energy we can no longer all be hyper-consuming Americans. Those who
still have the financial means can outbid those who do not. The wealthy naturally
resist policies intended to share this wealth. At the same time, the total number
of consumers continues to increase while job growth has stagnated. The result
is a soaring nineteen-trillion dollar national debt and no chance of satisfying
entitlements without economic growth.

The growing, underlying conflict between the “freedom of liberty” and “freedom
from want” has directly infiltrated our politics and exacerbates tension between the
right and left. Long-term growth, jobs, prosperity, leisure pursuits, and all things
dependent on plentiful energy can no longer continue for everyone. There may
be temporary remissions because of the temporary oil glut, improved energy-use
efficiency, new extraction technologies, and continued borrowing of wealth from
the future. But true long-term economic growth, in excess of inflation, can not be
sustained without the underlying foundation and promise of plentiful, inexpensive
fossil energy.

So far, neither political party will admit to permanent energy contraction. The con-
servative right promises renewed growth through decreased taxation on business, new
innovation, and new investment. The liberal left promotes redistribution of wan-
ing wealth to the steadily-increasing masses, including immigrants, who are moving
closer to missing the basic necessities. Both sides advocate increased exploration,
efficiency of use, and technical progress. Both sides ignore the geo-physical limi-
tations of the short fossil energy age. The right promises renewed growth from
fossil fuels previously off-limits in parks, federal lands or off-shore preserves. The
left defers to reduced consumption, infrastructure repair, and renewable alternatives
as the answers. Either direction leads to the conflict between a stalled-out economy
dependent on continued growth, and a growing populace, all needing employment,
food, social services, and long-term entitlements.

Neither side can provide “freedom from want” to the majority. Our democratic
system swings back and forth in each voting cycle from the incumbent party, which
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did not deliver, to the other side promising to do better, and a return to “the good
old days.” Reagan, Clinton, and George W. Bush were lucky to take charge when
oil was resurgent and cheap. Carter became unpopular after one term when he was
confronted with peaking U.S. oil and world oil price turmoil. Obama appears to be
suffering the same growing discontent as Carter because his term coincides with a
time-zone in history of maximum world oil production regardless if the oil comes
from friendly or unfriendly sources. Yet, in the past year he is not credited with
lower gasoline costs.

This brings us to the question of which party or basic system of government can
best handle the realities of contracting energy and expanding-population. Is a
democracy of the people, for the people, and by the people still viable or will anar-
chy rule? In a free election will an individual vote for personal gain and survival, or
will he/she lean toward the common good of the populace? On a personal micro-
basis, would an empathetic human (or any species for that matter) go hungry
and starve if necessary to feed as many as possible of his neighbors, if only for
just a few more days ... after which they will all starve together? These are ques-
tions and choices we must confront. Lack of awareness and/or continued inaction
only diminishes our chances of, at least mitigating the same fate of previous crashed
civilizations which did not respect the inevitable clash between increasing consum-
ers and finite and/or contracting energy resources.

Deferring to Plato (427-347 B.C.)

Our struggle to find direction for a challenging future is not unique. As regional
societies crashed as nature and numbers played out their conflict, at least one great
mind pondered the subject of leadership for the benefit of future generations. In my
opinion, the best model is found in the dialogue for an ideal state. Typical of Plato’s
search for the ideal general form, in “7he Republic,” we hear him conversing with

Glaucon as he suggests the ideal “philosopher-king”:

Until Philosophers are kings, or the kings and princes of this world have
the spirit and power of philosophy, and political greatness and wisdom meet
in one, and those commoner natures who pursue either to the exclusion of
the other are compelled to stand aside, cities will never have rest from their
evils,—no, nor the human race, as I believe,—and then only will this our

state have a possibility of life and behold the light of day.

It sounds like Plato is speaking directly to us. Now we face the most serious chal-
lenge ever for our survival, for our country, and all of civilization. An elected leader
dares not mention the two clashing elephants in the room, growing population vs.
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declining resources, without fear of “political suicide.” We can argue about which
subject: population, energy, or environmental degradation, is most serious. All must
be considered together as a “triple crisis.” The response for all three is common and
urgent. Returning to the need for profound leadership:

Shakleton, Churchill, Autocracies

There have been isolated exceptions of profound leadership when certain disaster
loomed. A great example is the true story of Ernest Shakleton who saved all his
crew after their ship, Endurance, was trapped and crushed in the ice of the Antarctic
Ocean. Another is the leadership of Winston Churchill throughout the critical days
of World War II. These are examples of when, in times of undeniable crisis, only
profound and “wise” individual leadership, most often insisting on extreme sacrifice
(like rationing), could suffice.

Another related example is the one-party political system of China. However un-
popular, at least decisions are made regarding population control, alternative energy
investment, and resource acquisition. This type of authoritarian leadership is better
than uncontrolled, genetic human nature which, in times of stress, automatically
defaults to a Darwinian survival mode of “take everything you can get and run.”
This “me vs. we” genetic drive combined with continued reproduction, by as many
as can survive, is obviously more successful for long-term species survival regardless
of the trauma it entails. Excellent references for these subjects are: The Selfish Gene,

by R. Dawkins and, J.Bligh’s The Fatal Inheritance.

My hope for a drastic course-correction, at this late date in the oil age, will require a
grass-roots movement which, in turn, supports “wise philosopher-kings”; leaders who
clearly understand the growing tension in an economic system based on continued
growth and declining energy. There still may be hope for perpetuation of a vastly
downsized modern lifestyle, but only if we admit to the seriousness of our termi-
nal illness and not be lulled by bogus panaceas and/or political promises neces-
sary for election. We are clearly at a tipping point. In the last eighty years (one life-
time) we have consumed approximately one-half of the world’s original endowment
of conventional and non-conventional oil. In the same period we have used a large
percentage of high-energy coal, natural gas, and high-concentration, fissionable ura-
nium. Together, these finite sources provide over 90% of today’s world energy with
the U.S. (with 5% of the world’s population) consuming about 25% of the total.

In the process, we in the industrialized world have destroyed much of our en-
vironment, possibly beyond the point of no return. The next human lifetime,
starting now, will be extremely challenging. The world economy is like a giant bus
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stalling on a hill. Experts are scurrying around trying to get the engine running
again just as many more passengers climb aboard. Very few want to check the fuel
tank. We're running low.

Nowhere in this chapter or book is there a suggestion of dictates, edicts, or
mandates from the leadership. The only hope is that the “wise” leadership will
educate the public so well that constituents will understand and demand the
changes we must all make together. This mass movement would lead to legislation
(like gasoline rationing) by a majority in congress. It is unlikely that birth control
laws would ever be proposed (or enforced!), but the public should clearly under-
stand the choice between suffering, competition, and starvation by many or, the
alternative: an acceptable long life for fewer. There is a large percentage of Americans
that avoid involvement by deferring to faith or higher power. This path circumvents
the laws and logic of numbers and physics, and absolves believers from participating
in urgent corrective actions mutually beneficial to all.

MORE RECENT PUBLICATIONS

There is a flurry of publications that wade directly into the growing contrast be-
tween demand and supply. Unfortunately, most authors perpetuate the prevailing
myth that a “replacement” fertility rate of 2 CPF (child per female) will do the job.
The subrtitles speak for themselves:

Full Planet, Empty Plates: The New Geopolitics of Food Scarcity, Brown (Norton,
2012). This is the most recent of a long series by the now retired leader
of Earth Policy Institute. Like the others before it, the focus is on climate
change, but by segueing into “food scarcity” the underlying context of popu-
lation vs. energy is no longer on the back burner.

Winner Take All: China’s Race for Resources and What it Means to the World, Moyo
(Basic Books, 2012). Dambisa Moyo is an economist and freelance writer
with a Ph.D. in economics from Harvard and a Masters from Harvard. Her
new book moved to number thirteen on the New York Times best sellers list
and speaks quantitatively about resource shortfalls and China’s drive to cor-
ner what’s left through both monopolies and monopsonies (meaning cor-
nering the markets by underpricing sales and overpricing buying through-
out the world). Typical of her thesis, from page 174: “When it comes to
food, water, energy, and materials, for example, there are clear signals today
that these resources will not be enough to go around in the near future.
As we witness the groundswell of the global population and as wealth and
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prosperity expand, global supply is struggling to keep up, but investment
lags behind and nature has its limits.”

Scarcity: Humanitys Final Chapter?, Clugston (self-published, 2012). Order
through Chris Clugston’s website: nnrscarcity.com. With a prophetic for-
ward by William Catton, author of Bottleneck (2009) and Overshoor (1982),
this amazing effort lists, in quantitative detail, the remaining quantities of
all NNR’s (Non-Renewable Natural Resources). If we don’t run short of oil
first, virtually every other essential component of our modern industrialized
civilization will soon follow. Needless to say, Clugston does not hold out
much hope for the future.

The Race for What Left: The Global Scramble For The World's Last Resources, Klare
(Metropolitan Books, 2012). Michael Klare is the author of fourteen books
dealing directly with resource depletion and related geopolitics. His books
define the ultimate clash between decreasing oil and increasing demand.

The Crash of 2016, Hartmann, (Hachette Book Group, 2013). More ominous
words from the prolific writer who also wrote The Last Hours of Ancient

Sunlight.

Any Way You Slice It: The Past Present and Future of Rationing, Cox (The New
Press, 2013). A comprehensive treatise on the need for rationing when criti-
cal resources run short. Going into 2015 the “R” word is moving into the
mainstream conversation as water becomes critical in California, another
example of climate change being blamed when population and consump-
tion push regional carrying capacity to the limit.

The Limirs of Growth Revisited, Bardi (Springer Books in Energy, 2011). This is
one of a flurry of recent publications updating the original Limits of Growth
predictions. Ugo Bardi is an expert on energy and natural resources. He
is also President of the Italian Section of ASPO. His analysis is a com-
plete, contemporary validation of the original forty-year old computer
modeling and system dynamics by Dennis and Donella Meadows, Jorgen
Randers, and William Behrens III. It's amazing how accurate these origi-
nal predictions were with regard to resources, population and pollution.
For further reading, the 1976 book, Strategy for Survival: an Exploration
of the Limits to Further Population and Industrial Growth, Boughey. (W.A.
Benjamin, 1976) is an early and extremely comprehensive analysis of the
“limits of Growth” work as well as other similar studies from that time.

Going Dark, McPherson (Publish America, 2013). For the extremists who argue
that anthropogenic-caused climate change will be our demise, This author

5> »

predicts “the near-term exit of Homo sapiens from this planet..by the2030’s
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Debunking Economics: The Naked Emperor Dethroned, Keen, (Zed Books, 2012).
This is a 450 page book by a professor of economics that delves into every
dark corner and fallacy of conventional economics.

Supply Shock: Economic Growth at the Crossroads and the Steady State Solution,
Czech, Steadystate.org (New Society Publishers, 2013).

Energy: Overdevelopment and the Delusion of Endless Growth, Butler, (Watershed
Media, 2012).

Immoderate Greatness: Why Civilizations Fail, Ophuls (Createspace, 2012).

Technofix: Why Technology Won't Save Us or the Environment, Huesemann,( New
Society Publishers, 2011).

Afterburn: Society Beyond Fossil Fuels, Heinburg, New Society Publishers, 2015.
The latest by U.S.’s leading author and proponent regarding Peak Oil and
the end of Growth. Page 104.

Not the Future we Ordered: The psychology of Peak Oil and the Myth of Internal
Progress, Greer (Karnac Books 2013). This most prolific author has recently
published a flurry of related books. Others are: Collapse Now and Avoid the
Rush, After Oil2; The Years of Crisis, and Decline and Fall: The End of Empire
and the Future of Democracy. All reinforce my personal thoughts in a much
better writing style.

The Five Stages of Collapse: Survivors Toolkit, Orlov, (New Society Publishers
2013).

100 Much Magic: Wishful Thinking, Technology and the Fate of the Nation,
Kuntsler (Atlantic Monthly Press 2012). From one of our earliest and best
authors about peak oil and the aftermath.

Peeking at Peak Oil, Aleklett (Springer Science + Business Media 2012). A com-
plete, in-depth look at all aspects of peak oil by a professor of physics at
Uppsala University of Sweden. Kjell, Aleklett was a co-founder, with Colin
Campbell, of the original international ASPO.

Dark Peak, Fehling (Founders House 2015). This is one of the best of a flurry of
scary novels describing life after the oil age.

Peak Oil: Apocalyptic Environmentalism and Libertarian Political Culture, Snyder-
Mayerson (University of Chicago Press 2015). This new title is an amazing,
comprehensive review of the erratic uncoordinated peak oil movement. The
author includes copious endnotes and results of his own questionaires.
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Myths of the Oil Boom: American National Security in a Global Energy Market,
Yetiv (Oxford University Press 2015). An in-depth review of the fallacies of
resurgent American oil extraction.

The Energy World is Flat: Opportunities from the End of Peak Oil, Lacalle and
Parrilla (Wiley 2015). This is a bonnanza for peak oil debunkers. To quote
page 66: “The end of the oil age will not happen because we ran out of oil.
And it will not be a sudden and terrible shock that will bring economic
hardship to people. The end of the oil era will be gradual, cyclical, and will
open a new and more prosperous era for humans.” I could not disagree
more.

Tumbling Tide: Population, Petroleum, and Systemic Collapse, Goodchild (Insom-
niac Press, Canada 2013). This is the other extreme from 7he Energy World is
Flat. A doomer’s delight.

American Theocracy: The Perils and Politics of Radical Religion, Oil, and Borrowed
Money in the 21st Century, Phillips (Viking 2006). A comprehensive study
of the history and synergisim between oil, religion, and finance in the U.S.
today.

Lifeblood: Oil, Freedom, and the Forces of Capitalism, Huber (University of
Minnesota 2013). An excellent textbook for all the subjects in the subtitle.

The Oil Age: Understanding the Past, Exploring the Future. This is a new journal
published four times a year by the Petroleum Analysis Centre, Stabil Hill,

Ballydehob, Co. Cork, Ireland.

Presidential election 2012

The Romney Energy Plan promised “An Achievable Goal: Energy Independence by
2020.” This will be possible from “surging energy production, combined with the
resources of Americas neighbors, ...”. The results: “The emergence of an Energy
Superpower.” Quantitatively, for “oil independence” in eight years, the Romney
agenda would have magically jumped U.S. oil production two-fold from the
present eight million barrels per day (down from ten at the peak of U.S. extrac-
tion in 1970) to the present U.S. consumption of over sixteen million barrels
per day. Plus, we are not told that “other liquids” like natural gas liquids and bio
fuels have been added to the mix to reach the present U.S. consumption of nineteen
million barrels per day. Romney continued that “we must return to the glory days
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of Ronald Reagan” with no mention that Reagan’s era coincided with the last world
remission of cheap oil.

The happy right-wing promise of renewed and everlasting abundance is perpetuated
by several other new books. Two that are getting much media coverage are: Gilder,
Wealth and Poverty, and Forbes, Freedom Manifesto: Why Free Markets Are Moral And
Big Government Is Not. Both of these authors hammer away at the same traditional
economist themes:

* Government causes scarcity.

* A free market with unfettered technology and human ingenuity will always
find new substitutes for any commodity in short supply.

* Government discourages entrepreneurs by taxing the risk-takers and
redistributing the wealth to unnecessary civil employees, regulators, and un-
employed “slackers.” Therefore government is the impediment to progress.
Steadily increasing population-demand and physical limits of supply (or the
laws of physics) are totally ignored.

The Obama alternatives are increased fuel efficiency, “guarded” (environmentally
sound) exploitation of remaining fossil fuels, and a transition to lower energy, re-
newable sources. A more recent White House initiative is: “How We Shift America

Off Oil” (whitehouse.gov.energy).

The “Energy Security Trust” proposed spending ten billion dollars in the next ten
years for lighter natural gas-vehicle fuel tanks, advanced batteries, cleaner biofuels, and
hydrogen fuel cells. What is meant by “cleaner biofuels”? I thought the “Hydrogen
Future” fairy tale had long-since been forgotten. All infer scientific “breakthroughs”
that will solve our problems and negate the urgency for our nation to ration gasoline.
Typically, neither left nor right political party dares to mention geological resource
limits or the taboo subject of population.

Presidential election 2016

As we move into the hotly contested presidential election year, not a single candidate
on either side seems to understand or dares discuss the overwhelming impact, facts,
and future of the imminent end of the oil age. It would be amazing if a recipient of
my 5th edition book could propel the urgency of our energy predicament far up the
political ladder to someone (those) with a voice or position to make a difference. In
2005 Rep. Roscoe Bartlett (R Maryland) assumed that role of leadership. He held a
Peak Oil conference in Frederick, Maryland where I presented. He personally gave a
copy of my 2nd edition book to every congressperson. Now he is retired and a critical
ten years have been lost.
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The politics of population

Since the dawn of history, leaders have often been confronted by population
growth that exceeded regional carrying capacity, especially when times were
good. Increased numbers were often encouraged to swell the leader’s kingdom
and provide “boots on the ground” to ensure success, power, and defense. But in
more recent times, several U.S. presidents openly promoted family planning after
their terms in office, Eisenhower and Truman became honorary co-chairmen of
the Planned Parenthood Federation. John E Kennedy the first Catholic president,
was instrumental in the allocation of millions of dollars to distribute contraceptives
throughout the world. George H.W. Bush was nicknamed “Rubbers” during his

term as a Republican Representative from Texas.

Now, going into 2016, as we continue on the trajectory of over-population, and
already on the downbhill side of per capita oil, any mention of the human-numbers
problem is conspicuous by its absence. It may well be that a democracy is not
the best form of government in times (most often the case throughout history)
of over-stressed carrying capacity. The plurality of numbers necessary to elect
leaders are counterproductive to the hard leadership decisions and sacrifices
necessary for survival. Certainly, Ernest Shakleton, when his ship was trapped in
the antarctic ice, did not defer to a voting majority or socialistic group-think. He
led and his men survived. We now desperately need this type of leadership to
clearly explain to the public how dire the situation is and what drastic measures
must be shared by everyone to reduce population, conserve oil, and nurture the
earth’s eco-systems.

What next?

As argued many times in the preceding chapters, the only way to wind down and
supercede our oil-based lifestyle is to simultaneously reduce oil consumption to ten
percent of our current U.S. rate, and begin the longer task of reversing popula-
tion by reducing the average fertility rate to not more than one child per female.

Obviously, no realistic person would expect this thinking to be promulgated or
implemented, especially on a world-wide basis. However, it is idealistically possible
that the U.S., which has significant oil reserves left and the most lifestyle to lose,
might respect numerical facts, close its borders to the import-export of resources
and people, and begin a modicum of survival in a post-oil world. All of this must
happen in the next several decades to avoid the pending world-wide crash of modern
civilization. Half of the Americans alive today, including all new children from
now on, will participate in this short epoch. This story must be broadcast far
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and wide, The remaining window of time is narrowing every day. Are we up to
the task? We will soon know.

A prognosis

In my opinion, we will see the climax of high-energy civilization and our famil-
iar comfortable lifestyles begin to unravel in the next five to ten years. This is the
time frame for the most likely U.S. oil-depletion scenarios in Figure 2 to coinside
with decreasing global net exports (GNE as explained in Chapter 4). This “Double
whammy” will be impossible to ignore and begin to drastically change our lives.
Without some form of rationing, a return to high oil prices and a National
Debt soaring past twenty trillion dollars will combine to destroy our economic
stability. Business as usual will end despite temporary remissions in the stock mar-
ket and soaring dollar value with respect to other world currencies which are leading
the way to economic collapse.

World-wide calamities will grow as terrorism reflects Mid-east unrest spreading
from Syria, Egypt, Iraq, Iran, Saudi Arabia, Turkey, and into Africa, South America
and Asia. Throughout the world, more and more countries can no longer rely
on cheap oil and/or oil exports to appease their growing generations of “oil ba-
bies” (children born throughout the world whose personal energy was rendered
superfluous by ubiquitous, cheap oil). Western nations will no longer be able to
rely on oil-based-energy growth to continue the extrapolation of past prosperity.
This, just as the Baby-boomers will be expecting their happy retirement years to
be supported by entitlements, which in the past were paid for by ever-increasing
growth in numbers from younger generations.

Conflict is certain at every level from the wealthy trying to preserve their assets and
lifestyle, on down to increasing numbers of disenfranchised hungry protesters in
the streets. Fuel for travel, farming, and heating will become prohibitively expen-
sive for the growing majority who can only find menial work, or are dependent on
shrinking economic safety nets. Continued lower-priced commodities will still be
too costly for the number one consumer bloc: poor Americans, staggering under
growing consumer debt. Civil and regional wars, exacerbated by religious or ethnic
backgrounds will increase between nations that can no longer appease their own
people and neighbors. This is not a happy prognosis but is similar to predicting
how many miles you can drive on a partial tank of gasoline before you walk.
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APPENDIX B

Energy 101 ... Energy, Work, Power

The following basic definitions, energy equivalences, and necessary explanations
will be helpful as background for this book or other references:

ENERGY is the ability to do work.

WORK is the movement, of something from one place to another, or the
equivalent amount of heat energy required to raise something from one
temperature to a higher temperature.

POWER is how fast the work happens or the rate that the energy is being
used.

Work (W) can be expressed as a force (F), like a push or a pull, occurring over a
distance (D) and in the direction traveled. For instance, if it takes 10 pounds of push
or pull to provide enough sliding force to move a sled, and the distance traveled is
50 feet, the force times the distance equals the work.

In equation form:
Force X Distance = Work
With the numbers substituted in our sled example:

10 Ibs. X 50 ft. = 500 ft.lbs.

Note, that if a 9 pound force was exerted against the sled and no movement oc-
curred, no work would be done.

9 lbs. X 0 ft. = 0 ft.lbs.

You could lean (or prop a stick in your place) against the sled all day, the sled would
not move and no work would be done.
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Work requires both force and distance traveled. Energy, which can be in
different forms, is the ability to do the work. Power is how fast the work is
done.

There are many ways that the sled could be moved, such as with a snowmobile,
a dog team, cross-country skier, a winch with an electric motor, a sail, and many
more, but in each case, the sliding work done and energy used is the same, 500 foot-
pounds, as long as the sum of the forces resisting movement totals 10 pounds.

If there were wheels on the sled so it rolled and required only 5 pounds of force, then
the work done would be 250 foot-pounds (5 Ibs. X 50 ft. = 250 ft.Ibs.) The wheel
was a great invention to reduce the work of transportation and lessen the required
energy.

Energy exists in many different forms, but in each case suggested above, the energy
required, or the ability to do the work of overcoming 10 pounds of drag, is still 500
foot-pounds. It doesn’t matter if the force came from a gasoline engine, an animal, a
human, or the wind. Energy is that elusive something able to do the work. The units
for energy and work are the same.

At this point, we will leave energy for a minute and discuss power so that we are
absolutely clear about the three terms: energy, work, and power.

It doesn’t take a great leap of intuition to appreciate that moving the sled in 50 sec-
onds is a much different task than moving it the same 50 feet in five seconds. A dog
or person could easily handle the 50-second task, but it would take a snowmobile
or a good gust of wind with a big sail to move it the same distance in five seconds.
Power is the time rate of doing the work. In equation form:

Power = Force X Distance/Time
Our original slow sled example becomes:
P =10 Ibs. X 50 ft./50 sec. = 10 ft.Ibs./sec.
In the faster example such as with wind or snowmobile:

P = 10 Ibs. = 50 ft./5 sec. = 100 ft.lbs./sec.

This is ten times as much power as the slower example.
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The work in each case is the same, but the power is ten times greater because the
time (T) to do the work changed from a task we could easily do ourselves slowly to a
ten times quicker task requiring a machine stronger than most humans. Remember,
the work done and the energy used while moving between two points, no matter
what the time, is the same assuming the sliding friction remains the same in each
case.

If we're in a hurry, we need more power. A stronger machine or an athlete
can do the same work as the weaker but in less time. Power is a measure of
the effort within a specific time period.

A common English unit for power is horsepower (Hp). By definition one horsepow-
er equals 550 foot-pounds of work done in one second. To introduce horsepower to
our above slower sled problem:

10 ft.Ibs./sec. divided by 550 ft.Ibs. per second (per Hp) = 0.018 Hp
In the faster case, the horsepower is:

100 ft.Ibs./sec. divided by 550 ft.lbs. per second (per Hp) = 0.18 Hp

In real life, as speed increases, the air resistance will start to be a significant
drag factor in addition to the sliding friction. Air resistance is a squared
factor. Even though it might be negligible at slow speeds it increases four-

fold each time the speed doubles.

In the second case, when moving the sled ten times as fast, the air resistance would be
10% or 100 times greater and in theory start to add to the sliding friction depending on
the speed, shape, and the frontal area of the sled. Together, air resistance plus sliding
friction make up a total drag force (F) and the amount of work (F X D) required to
move the sled. This is why a streamlined shape becomes so important at high speed.
Air resistance explains why moving things in a hurry is much more energy intensive.
However, in our sled examples, the faster case of a 50-foot distance in 5 seconds is
10 ft./sec., or only about 7 mph. This is still slow enough that air drag is insignificant
compared to the sliding friction so it can be ignored.

The energy needed to overcome air resistance starts to become important
above 20 mph. At higher speeds, movement through air becomes the very
dominate drag force resisting most of the work (energy).
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In order to complete this short review of energy, work, and power, we need to clarify
different forms of energy as well as to gain a quantitative understanding of the
amount of work each can do.

MECHANICAL ENERGY

To review traditional mechanical terms described above:

Work = distance times force = foot pounds
Energy is equivalent to work = foot pounds

Power = work divided by time = foot pounds per second

THERMAL (the subject of heat) ENERGY

To raise a mass of material a certain temperature also requires energy. Therefore,
work, the energy required, and the temperature increase of a substance are equiva-
lent. I will try to clarify this concept with a few definitions.

The familiar term BTU (British Thermal Unit) is the amount of energy (or work)
required to raise one pound of water one-degree Fahrenheit. To heat one gallon
(about 8 pounds) of water fifty degrees would require:

8 Ibs. X 50°f = 400 BTU

The BTU is a term of energy (or work) just like a foot-pound. One BTU is directly
equivalent to 778 foot-pounds.

In metric terms, one calorie is the amount of energy (or work) required to raise
one gram of water one degree centigrade. To heat the same gallon of water as above,

which weighs 8 pounds (3632 grams), 50°f (27.8°c) would require:
3632 grams X 27.8°c = 100,970 calories

Obviously one calorie is not very big, so scientists sometime use the kilocalorie (1000
calories) especially as a measure of energy value of food. When this is done, a capital
C may be used (not to be confused with temperature in degrees centigrade, °c).

Thermal energy may also be the output of a chemical reaction. This occurs when
the complex-carbon molecules of fuel combine with oxygen to make heat (thermal
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energy) and simpler, lower energy, carbon molecules like carbon dioxide (CO,) or
carbon monoxide (CO). This process is called burning or combustion.

The minimum food energy required by a healthy adult in one day is about 2,000 ki-
localories. Humans are very complex machines requiring large quantities of sophis-
ticated fuels. All basic carbohydrate-fuel sources provide about 4 kilocalories/gram
of energy. The average requirement of 2,000 kilocalories per day per person equals
500 grams (just over one pound) of carbohydrates per day or about 400 pounds per
year. Proteins have about the same caloric-energy value and may be a substitute for
carbohydrate energy. Fats have two to three times the energy value of carbohydrates.

Further reference about kilocalorie counting for food is available on the Nutrient
Data Laboratory website (www.nal.usda.gov).

We can now see why food production, as the fuel source for our bodies, is the pri-
mary energy concern for any society. It takes considerable energy (fossil fuel, animal
power, and/or human power) to produce 400 pounds of food per year per person.
With today’s energy intensive modern agriculture, 10 to 20 kilocalories are used to
deliver one kilocalorie of food to the dinner table. Without the fossil fuels or some
other alternative source of more concentrated energy, we will have to go back to sub-
sistence lower-yield agriculture using human and animal power to provide our food.

Now that we have enough basics of scientific terms and quantification of energy, we
can better appreciate the astonishing energy content of fossil fuels and reject inac-
curate or misleading information. Consider the following facts straight from any
technical source book, and compare the different concentrated-energy sources with
the feeble output of human labor.

One gallon of oil, kerosene, diesel fuel, gasoline, fat, etc. (they're all about the same)
has the concentrated combustion energy of approximately 150,000 BTU. This is
a tremendous amount of stored energy and represents the ability (before efficiency
losses) to do over one hundred and sixteen million foot-pounds (150,000 BTU per
gallon X 778 ft.lbs. per BTU = 116,700,000 ft.Ibs. per gallon) of work. We can
go down to the corner gas station and buy this amount of fuel (energy) for about
$1.50. Working at a typical continuous maximum of 256 BTU per hour of power
(75 watts), hour after hour, a strong healthy adult would have to work 600 hours to
equal this amount of energy. No wonder we live in a age of comparatively “free” en-
ergy. Even if the fuel were converted into work at a 25 percent efficiency rate (typical
for fossil-fuel energy), it would still take 150 hours of steady manual labor to equal
the energy in a gallon of fossil fuel.
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At $1.50/gal. for gasoline, equivalent human labor to do the same work is
worth about one cent per hour. Soon to be $3.00 per gallon gasoline would
still make the equivalent human labor worth only 2 cents per hour.

A similar analysis reveals that a pound of coal with 10,000 BTU is equal to about
10 hours of manual labor and a pound of dry wood with 5,000 BTU per pound
contains energy equal to five hours of constant manual labor.

ELECTRICAL ENERGY

Unfortunately, for the average person trying to understand the subject of energy, the
electrical community has still another set of terms for energy, work, and power. The
electrical engineer starts with the basic concepts:

Volts (the force, or push, like pounds in mechanical terms) times the current (in
units of amperes or the quantity of electrons flowing at the speed of light) equals
watts (power).

Volts X Amps = Watts

Since we have force, distance, and time (understood as speed of light), we have
power. The watt (or kilowatts as thousands of watts) is the fundamental unit of elec-
trical power in both English and metric systems. The equivalence of electrical and
mechanical power is defined as:

746 watts (0.746 kw) = one horsepower

One kilowatt and three-fourths of a horsepower are similar in magnitude. In Europe,
cars are rated in kilowatts instead of horsepower. Since a kilowatt is a unit of power,
it must be multiplied by time to get back to the simpler concepts of work and energy
like foot-pounds. The common product of kilowatts times hours is a measure of
how much we pay for electrical energy coming into our homes from the utility grid.
One kilowatt (power) times one hour = one kilowatt hour:

1kw X 1 hr. =1kwh

In your monthly electrical bill you will see that electrical energy (not the power)
costs about 15 cents per kilowatt-hour. A typical household may use about 700 kwh
per month for about $105.00. This is an incredible bargain unique to our modern,
low-cost energy, industrialized civilization.
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A strong human working a complete 40 hour week can only produce 75
watts of power times 40 hours, which is equal to 3000 watt hours (3 kwh)
each week. This is equivalent to the thermal energy required to heat one hot
shower. At electrical costs of 15 cents per kwh, a week of hard human work
would be worth about 45 cents, about one cent per hour.

The above technical background is all we need to understand the remainder of this
book and the magnitude of the situation we've gotten into in just the last 150 years.

S8

The following is offered as a brief review of the history of energy:

5000 B.c.—About this time, human beings came out of the woods or savan-
nahs as hunter/gatherers in delicate balance with nature and started to grow
a little excess food energy in the form of grains. This slight surplus of energy
beyond the minimum required for survival allowed the beginning of civiliza-
tion. In addition, beasts of burden were domesticated to add to the amount
of work that humans alone could do as well as provide concentrated food-
energy as meat and milk. The agricultural revolution allowed humans to
stop moving about, build villages, and multiply in population one hundred
fold from about 10 million to almost a billion by the start of the Industrial
Age. This early age of grain-energy reached a peak when the expansion and
military might of Rome extended to the limits that grain production could
support. The use of slave labor in all “civilized” countries provided incre-
mental energy to do additional work. This practice with its detestable hu-
man rights issue is common in biblical references and continued right into
the fossil-fuel era beginning 150 years ago and even to the present in some
parts of the world. The U.S. was founded on vast resources and slave labor.

500 A.p.—Non-fossil-fuel machines like water wheels and windmills were built
to further energy availability and give another small boost to civilization and
leisure time.

1500—Civilization continued to grow slowly until wood, which was the major
source of fuel for energy needs, began to be seriously depleted. Fortunately,
the first use of fossil fuels in the forms of coal and peat satisfied ever increas-
ing energy demands and kept the quality of life gradually improving. During
this period the whale population was almost decimated in a few decades for
the oil to be used in lighting more extravagant homes.
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1775—]James Watt (1736-1819) invented the steam engine and ushered in the
Industrial Age by improving on the piston pump used for removing water
from coal mines. This wondrous machine allowed the conversion of con-
centrated, previously stored energy, such as wood and coal, into work and
power far in excess of what man, beast, windmill, or waterwheel could do.

1859—About the time of the Civil War when coal driven locomotives and
steamships were already well established, Colonel Edwin Drake struck plen-
tiful crude oil in Pennsylvania. This drilling technology was rapidly followed
by further discoveries in the U.S. and then eventually worldwide. Plentiful
liquid crude oil eventually supplanted coal as the number one fossil-fuel en-
ergy source because of its ease of procurement, transportation, and utilization
in machines which could convert its huge energy content into useful work.

1900—Beginning about a century ago, inventors found many new ways to har-
ness the concentrated energy of free flowing oil and cleaner derivatives like
kerosene and gasoline. All types of machines evolved to power industry, agri-
culture, and especially transportation for military, personal, and commercial
use on land, sea, and in the air. There are centenarians alive today that span
this entire era. It is no small coincidence that the 100-year anniversary of the
airplane exactly coincides with this hydrocarbon energy epoch. Oil became
an absolutely essential military force in WWI as it provided submarines,
airplanes, tanks, and ships that could be refueled at sea.

The tremendous power requirements to move large masses quickly over

long distances can only be provided by fossil fuels. The only exceptions are
concentrated biofuels and liquid hydrogen, both requiring even larger energy
inputs for their formation than they return for useful work.

1950—The use of fossil fuels including natural gas to make hydrogen culmi-
nated in more recent years as rocket fuel. This is the only way to provide
the awesome power required to propel objects outward against the pull of
the very strong force of earth’s gravitational field. (The use of hydrogen as
a concentrated fuel in lieu of fossil fuel will be discussed in more detail in

other parts of this book.)

S8
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At this point I will summarize the units and equivalents used for energy, work, and
power into one table sufficient for understanding the remainder of this book and
other references. Wherever possible, mechanical energy, electrical energy, and work
will be quantified as kilowatt hours, and power will be in kilowatts. Thermal energy
will be referred to in terms of BTU’s or equivalent billion barrels of oil (EBBO),
with each barrel containing 42 gallons or 6,300,000 BTU’s worth of energy. Keep
in mind that the total thermal energy of a fossil fuel cannot be converted directly to
useful electrical energy, mechanical energy, or work without an energy loss. A 25%
efficiency factor for internal combustion engines and 35% for electric power plants
will be used where appropriate to calculate the equivalent fossil-fuel energy. In other
words, usable, secondary electrical or mechanical output is divided by the efficiency
to find the required primary energy. For instance a ten-kilowatt photovoltaic system

would equal a fossil-fuel, power-plant input of 10/0.35 or 28.57 kilowatts equal to
97,486 BTU/hr.

SUMMARY of EQUIVALENTS and UNITS

1,000 = 10° = thousand (or kilo, K)

1,000,000 = 10° = million (or mega, M)

1,000,000,000 = 10° = billion (or giga, G)
1,000,000,000,000 = 10'2 = trillion (or tera, T)
1,000,000,000,000,000 = 10" = quadrillion (or peta, P)

Energy (or work equivalent)

1 kwh = 3412 BTU

1 barrel of oil = 1846 kwh = 6.3 X 10° (million) BTU
1 kilocalorie = 3.968 BTU

1 BTU = 778 foot pounds

1 foot pound = 1.356 Joules (Newton meters)

1 BTU = 0.252 kilocalories

1 kwh = 860 kilocalories

1 kwh = 2.65 X 10¢ (million) foot pounds

1 gallon hydrocarbon fuel = 150,000 BTU
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1 gallon biodiesel = 121,000 BTU

1 pound high quality coal = 10,000 BTU

1 pound dry wood = 5,000 BTU (wet wood may have zero energy value)
1 cubic meter (36 cubic feet) natural gas = 36,000 BTU

1 cubic foot natural gas = 1,000 BTU

1 trillion (10'?) cubic meters natural gas = 36 quadrillion (10”°) BTU

1 trillion (10'?) cubic meters natural gas = 5.72 EBBO (equivalent billion
barrels of oil)

1 quadrillion (10") BTU = 0.159 EBBO

1 horsepower (Hp) = 550 foot pounds/second (ft.lbs./sec.)
1 kw = 1.34 Hp

1 Hp = 746 watts (0.746 kw)

1 kw = 0.95 BT U/sec.

1 Hp = 0.71 BTU/sec.

1 watt = 1 Joule/sec. = 1 Newton meter/sec. (metric terms used for
power)



