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“If you are not first, you are last.”

“You cannot lose if you do not play.”

“If you do not hold it, you do not own it"

“Yesterday is History, Tomorrow is a Mystery, Today is a Gift, that is why it is called the Present.”
“The market can stay fraudulent longer than you can stay solvent.”

“Gold is the money of Kings. Silver is the money of Gentlemen. Barter is the money of Peasants. Debt is
the money of Slaves.”

“Anonymous Modern slaves are not in chains; they are in debt.”

“Wise men plant trees knowing they will never enjoy their shade.”

“You'll only know who's swimming naked after the tide goes out.”

"It is different this time."

“Two fishes, one saying to the other, how is the water today? The other fish says what's water?”
"A man chooses, a slave obeys."

“It will never happen until it does.”

“Live by the sword, die by the sword.”

Common words of wisdom

“In the kingdom of the blind, the one-eyed man is King.”
Desiderius Erasmus, Dutch philosopher, and Christian scholar

"Only two things are infinite, the universe and human stupidity, and I'm not sure about the former."
Albert Einstein

"Control oil and you control nations; control food and you control people.
Henry Kissinger, Secretary of State, USA

“The rich rule over the poor, and the borrower is slave to the lender.”
Holy Bible, Proverbs 22:7 (NIV)

“Whoever gives his labor for money sells himself and puts himself in the rank of slaves.”
Marcus Tullius Cicero, Roman Statesman

"Those who fail to remember the past are condemned to repeat it"
G Santayana

"The vast majority of any group, tribe, state, nation, and empire, are the unenlightened,
and the inevitable demise of all these is due this fact.”
Aristotle

"There is nothing new under the sun."
King Solomon

“Inflation is everywhere and always a monetary phenomenon.”
“If you put government in charge of the desert, within a few years there would be a shortage of sand.”

Milton Friedman, USA Economist

“People believe only what they want to believe.”



Julius Caesar, 100-44 BC

“The process by which money is created is so simple that the mind is repelled.”
John Kenneth Galbraith, USA Economist

“The great enemy of truth is very often not the lie — deliberate, contrived and dishonest,
but the myth — persistent, persuasive and unrealistic.”
President John F. Kennedy, Commencement address, Yale University, 1962

“If you are going to tell a lie, make it a big one and people will believe you.”

“To tell a lie is considered by them the greatest disgrace, and next to that to be in debt... especially because they
think that one in debt must of necessity tell lies.”
Herodotus, Greek philosopher, about the Persians

“The difference between genius and stupidity is that genius has its limits.”
Albert Einstein

“An imbalance between rich and poor is the oldest and most fatal ailment of all republics.”
Plutarch (46 — 120 AD), Greek historian, biographer and essayist

“Economists are often asked to predict what the economy is going to do.

But economic predictions require predicting what politicians are going to do;
and nothing is more unpredictable.”

Thomas Sowell

"Neither a borrower nor a lender be."
Hamlet, William Shakespeare

"Gold is money... everything else is credit”
USA Financier J.P. Morgan, 1912

“The best way out is always through.”
Robert Frost, 1915 poem, “A Servant to Servants.”

“The test of a first-rate intelligence is the ability to hold two opposed ideas in mind at the same time and
still retain the ability to function.”
F. Scott Fitzgerald, American writer, 1920s.

“It is absurd to say our country can issue bonds and not currency.
Both are promises to pay, but one promise fattens the usurers and the other helps the people.”
Thomas Edison

"Gold and silver is the most perfect medium because it will preserve its own level; because, having
intrinsic and universal value, it can never die in our hands, and it is the surest resource of reliance in time of war."
Thomas Jefferson

“The truth is incontrovertible.

Malice may attack it, ignorance may deride it, but in the end, there it is.”
Winston Churchill

7.1 INTRODUCTION

We consider the issue of sustainability of energy systems including fossil fuels, biofuels
and nuclear energy and the associated economic system since money is a claim on the available



energy resources. Financial assets and liabilities are claims on energy supplies to service them in
the present and the future. Increased financial debt necessarily implies an expected future
increased energy supply to service it. Food prices are driven by the cost of energy, particularly to
deliver the food from the production to the consumption centers. Increased energy prices drive
up the costs for transportation, fertilizer, plastic packaging, and inks used to print packaging.

As an example, in the Middle East where food products are imported from Europe or
North America, the cost of food is prohibitive. When threshold unsustainable prices are reached,
social upheaval results, as happened globally in the meltdown of capital in 2008 and the Arab
Spring of 2011 that deteriorated into the Arab Winter of 2013-2017 with economic and social
collapse back to the stone-age in parts of it. A population shift ensued along tribal, ethnic and
confessional lines in association with the dissolution of the nation-state established boundaries
with refugees and migration flows, whilst external powers rushed in, to exercise control on any
valuable vacated resources and territories through different proxies.

Thinking about energy and economics leads to the realization that “ergs”, “BTUs”,
“Joules” and “kW.hrs” are the true currencies of the world; and that money will rearrange itself
to meet the new energy realities. The need for a barrel of oil worth of energy to extract a barrel
of oil from the ground is approaching fast. This is “energy break-even.” This unsustainable
situation needs alternatives to be figured-out and made operational ahead of when that does
happen.

A dilemma with no solution exists for petroleum: above $75 per barrel results in the global
economy contraction, whereas at under $75 a barrel many producers lose money and deplete their
capital. Global consumption of petroleum is four times higher than new discoveries. The end of
the oil age is approaching as the world is consuming 9 barrels of petroleum for every barrel it
discovers. In 2005 conventional oil production has peaked. By 2025 unconventional production
is expected to peak. Prices will fluctuate between $40 and $150 per barrel as economic crises
cause temporary low prices followed by return to high consumption and skyrocketing prices.

Hydraulic Fracturing or “Fracking” and horizontal well drilling have been contributing a
massive USA petroleum output. The USA uses 19-20 million barrels per day (mbpd) and pumps
only 10.4 mbpd with a deficit of about 10 mbpd that has to be imported. The USA Strategic
Petroleum Reserve (SPR) contains 400 million barrels which is just an illusory (400 / 20) = 20
days of supply at the current usage rate. At current consumption levels, the USA verified reserves
may last another 53.8 years. Without cheap petroleum products, half of the globe's population
would not be sustainable.

Oil companies stopped capital investing because there are no good high net energy oil
projects to invest in. The low hanging fruit has been harvested. Hydraulic fracturing or fracking
as a whole hardly made a profit. Such lack of investment confirms peak oil theory. Since there
are a large number of people who religiously reject the concept of peak oil, they need to come up
with far-fetched reasons for lack of oil investment rather than the Occam Razor one. Under normal
circumstances, petroleum companies would wind up operations and return capital to shareholders
or invest in viable avenues like nuclear, wind and solar power. Politicians are directing them to
squander their remaining capital on other boondoggle projects.

Energy must be expended to acquire energy. The difference between the energy acquired
and the energy expended is what is available to fuel the non-energy segment of the economy. It
is unsustainable to spend more energy per unit of energy acquired than is in the unit acquired,
because that not only does not add to economic expansion, but it causes economic contraction.
This is the principle of picking the "low hanging fruit" first which drives us to seek the easiest to



acquire energy first, but which later leaves us with energy sources which are uneconomic to
produce.

Humanity is reaching the point in history where it will be soon uneconomic to produce
energy from the depleting fossil fuels. This presents the threat of an imminent destructive
economic contraction leading to a reduction in the human population through calamities such as
social dislocations, migrations, conflicts, and wars to control the remaining resources to a point
where a balance is attained between the Earth’s population and the resources needed to sustain it.
This could occur on a short time scale of decades; as already experienced, not centuries or
millennia.

A “‘sustainable” system in energy, economics, farming or otherwise; is defined as one with
finite resources that operates at a constant rate commensurate with the availability and magnitude
of these resources. An “unsustainable” system would be defined as a closed one with a finite size
resource that grows at an exponential rate which would eventually deplete its available resource.

As a conjecture, it is considered that a closed system with finite energy cannot grow
without external energy inputs. Unsustainable systems with exponential growth eventually
disintegrate into smaller units that can use their available resources, including energy, more
efficiently; and hence evolve into sustainable ones. Common wisdom expresses the situation with
a saying that goes as: “If something is unsustainable, at some point it will stop.” According to the
1970s economist Herbert Stein: “If something cannot go on forever, it will stop.” It is also
expressed as: “Trends that cannot continue, won’t.” However, it does not predict when the trend
will stop.

A growing system, requires some form of energy input, be it food that is converted to
caloric energy for manual labor, wood, coal, wind, solar or nuclear. A zero or near-zero growth
system is one that has reached sustainability. This is analogous to how the natural world relies
upon the sun’s nuclear fusion energy to sustain itself at a minimum level of organic systems
growth. The excess energy input is eventually stored, usually in the form of organic matter such
as methane, coal or petroleum as fossil fuels.

The Second Law of Thermodynamics states that all systems wind down over time,
increasing in entropy. All systems collapse without a new input of energy. The larger and more
complex a system is, the more energy input it needs. According to the Second Law of
Thermodynamics nothing lasts forever.

Exponential growth and decay involve a doubling and halving processes respectively,
leading to rapid growth and decay. The process is generally highly misunderstood, since humans
in general tend to perceive, describe, interpret, and predict occurrences in the world around them
in term of linear, rather than exponential functions. The useful analogy here is a lily pad on a pond
that doubles its population every day. At the juncture when half the pond surface is half full of
lilies; the next day, the pond would be fully covered with lilies with no room anymore for them
to continue their growth. Growth is interrupted and a lily population collapse ensues.

Exponential growth is considered as “unsustainable” in a closed system if an external
energy source is not available or is not provided. Dividing yeast cells in a petri dish in the
laboratory can only continue to grow exponentially with unlimited food resources. The observed
actual pattern is a phase of exponential growth, followed by an accelerated collapse, as the food
resources are depleted, and toxic wastes accumulate.

Another description is that unsustainable occurrences could continue undetected for long
periods of time, but they inevitably end with a “Minsky Moment.” A Minsky Moment is a concept
named after the economist Hyman Minsky as a description of when a market fails or falls into



crisis after an extended period of market speculation, or unsustainable growth. The phenomenon
occurs in the business cycle when investors who are deeply in debt are forced to sell their
accumulated speculative assets in order to pay off their debts. This causes a sharp spiraling drop
in the value of the assets in the financial markets and a lack of liquidity or demand for cash. A
Minsky Moment is based on the idea that periods of speculation, if they last long enough, will
eventually lead to crises; and the longer the speculation and complacency occur, the more serious
the crisis will be. Any industrial society whether “socialist” like the former Soviet Union or
“capitalist” like the Roman Empire in the past, or the USA in the present, would endure economic
and social decline if its energy resource base fails.

Robert Ayers showed that the Gross Domestic Product (GDP) is related to applied energy
or exergy and only very loosely linked to energy per se, let alone to oil consumption. The research
indicates that the energy input expressed in British Thermal Units (BTUs) only explains 14
percent of Gross Domestic Product (GDP), and that the source of those BTU’s can change from
coal to oil to wind, solar or other sources of energy. Both energy efficiency and energy intensity
can vary. Further, oil is only one source of BTU’s.

The last 200 years were built on the surplus solar energy stored over 200 million years in
fossil fuels as coal and petroleum. An Indian-Summer sustained by shale oil exists in the USA.
Ninety percent of shale oil companies do not profit from their production. That means that 90
percent of this surplus current production is paid for by debt that is not intended to be repaid. It
is all fine right up to the moment that the money dies thrusting humanity back into the 19th century
through systemic collapse.

Many energy commentators misunderstand Robert Ayer’s research, and think that it
supports the idea of a strong causal connection between oil consumption and Gross Domestic
Product, GDP. Robert Ayers makes two suggestions: “If economic growth is to continue without
proportional increases in fossil fuel consumption, it is vitally important to exploit new ways of
generating value-added without doing more work. But it is also essential to develop ways of
reducing fossil fuel exergy inputs per unit of physical work output (i. e. increasing conversion
efficiency).” In addition to increased efficiency and conservation measures, a third action
recommendation for sustainability and elimination of the dependency of GDP on fossil fuels is
replacing fossil-fuels with low-carbon energy sources such as solar, geothermal, wind and nuclear
fission and fusion energy.

Sustainable systems can be identified as those systems that satisfy the following criteria:

1. Fulfill basic human needs in food, water, health, lodging, and global social
interconnections,

2. Are adaptable, robust to unforeseen perturbations, and “antifragile” thriving on change,
particularly in technology and communications,

3. Create economic abundance in new life-sustaining technologies such as nanotechnology,
robotics and biotechnology.

The global population trajectory is such that from 2012 to 2030, there is a need to build
the equivalent of a city of 1 million inhabitants in the developing countries every 5 days. In the
report: “Food and Agriculture: The future of sustainability,” it is remarked that: “We now face
astonishing levels of waste, 30 to 40 percent of all food never makes it to market and consumers
in rich countries waste as much food as the entire net food production of sub-Saharan Africa.”
Further: “For the first time in history, we have as many overweight people as under-nourished



people.” Building new cities for the added population requires the adoption of new economic and
financial strategies on how to find more and better use of life-sustaining essentials of energy,
food, water and top-soil.

The world’s population is expected to reach 9 billion by 2050. Food production will need
to sustain it with a 70 percent growth, according to the United Nations (UN). Present farming
practices are facing increased scrutiny beyond safety. Large-scale high-energy input farming in
terms of machinery fuel, chemical fertilizers, herbicides, pesticides, and its use as a source of fuel
in addition of food supply, are considered unsustainable. Energy-intensive, bin-busting industrial
agriculture is considered as a model that threatens the long-term health of top-soils, nutrients
availability, fragile ecosystems, watersheds, and the human population that they sustain. The food
supply system must offer lasting sustainability, protecting diminishing natural resources, and
providing healthy affordable food.

Earlier Prince Charles of Wales, and later King Charles III of the United Kingdom (UK)
spoke in May 2012 to “The Future of Food” conference at Georgetown University in the USA,
and in his book: “On the Future of Food,” warning that high-energy input farming is “ pushing
Nature’s support systems so far, that they are struggling to cope with what we ask of them.” He
contends that high-energy input farming dependent on chemical pesticides, fungicides,
insecticides, commercial fertilizers, growth promoters and transgenics is not “ a genuinely
sustainable form of agriculture for the long term.” Producing enough food will require a mix of
many energy-use approaches to sustainable farming practices that protect the environment and
achieve food security for the present and future generations.

The wealth of nations expands through debt and assets creation. Debt is a claim against
the value of the assets manufactured or purchased and against the value of future labor and
entitlements. The system has the capacity to overproduce both debt and assets and hence becomes
unsustainable upon excessive production of debt and assets. The system is self-regulatory and
self-correcting in the sense that the excesses are eventually eliminated through a system collapse
into smaller entities which survive on their own. The expansion and contraction of the wealth of
the system which includes debt usually occurs in a nonlinear fashion.

Great civilizations experience a period of exponential growth in land, population, and
wealth. It is suggested that the Romans may have colonized space, should that exponential growth
have continued uninterrupted. However, the exponential growth became unsustainable when the
topsoil in the agricultural areas was depleted, and hence food production collapsed.

Energy, particularly as liquid petroleum, which may have witnessed its global peak around
2010, and is now being supplemented at the margin by tight-formations natural gas and tar sands
liquids, is serving as the source of the global monetary discipline that gold used to perform. The
USA, for instance, produced 88 percent more oil in 1970 than in 2009. To pay for oil cheaply,
nations have opted to diluting their currencies through increasing their money supply and the
process of monetary inflation. Energy producing nations caught up to the game, as the values of
their currencies decline, the price of energy supplies tend to rise. This has created a close
interrelationship between the energy and financial realms.

The economy must be considered as a surplus energy equation, not a monetary one, and
growth in output and in the global population since the Industrial Revolution has resulted from
the harnessing of ever-larger quantities of accessible cheap energy. This critical relationship
between energy production and the energy cost of its extraction must be a sustainable one for the
economy as we have known it for more than two centuries to continue thriving.



Whereas “energy” is a concrete and palpable object, money is just an abstract concept. In
the past and present, rocks, cattle, conch shells, salt, silver, gold or green rectangles of paper, even
electronic bitcoins are considered as “money” if a socially cohesive group of people decides it is
“money”. A common quote is: “Gold is the currency of kings, silver is the currency of the
educated, barter is the currency of the working-class, and debt is the currency of slaves.”

The problem of having an item to trade but not being able to find someone who wants the
item is called the “coincidence of wants” problem. To solve the problem of trade and trying to
find people who want your items exactly when you need, some particular item people choose to
use an “intermediary” item as a ““store of value.” Various items have served this purpose, but gold
and silver have served this purpose more than any other items. Rather than carrying around gold
and silver people would trade pieces of paper as receipts which indicated that they had gold or
silver stored in a bank. Until 1914, USA dollars were receipts redeemable on-demand in gold or
silver, before being replaced by fiat issued by government edict irredeemable treasury notes.
These are primarily exponentially growing debt or liability instruments and cannot be strictly
considered as money, since money is assumed to possess the following properties:

. General Acceptability,

. Portability,

. Indestructibility or Durability,
. Homogeneity,

. Divisibility,

. Malleability,

. Cognisability,

. Stability of Value.
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The USA would have had a very different economy had it not been for the link between
the dollar currency and petroleum as energy. If that link were broken, global demand for the
dollar currency would sink. Governments opted to hold the reins of money in their own hands
with the global use of petroleum providing a link to the dollar that forced producers and
consumers alike to turn to it. The oil producers agreed to the pricing of oil in the USA currency,
ensuring that the world’s most powerful economy stayed linked to the world’s most needed
commodity.
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Figure 1. Exponential world population growth in billions on different time scales.
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Figure 2. World population growth is sustained by increased energy consumption.
Source: USA Census Bureau.
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Figure 3. Increased energy consumption from multiple sources. Source: USA Census
Bureau.

We recognize such an intricate coupling and describe the mathematical aspect and the
unsustainability of exponential growth in energy consumption as well as monetary expansion. In
an exponential model, it is argued that sustainability can only be achieved with a zero-growth rate
option. The main criterion of sustainability in this regard is that leverage and debt appear to be
unsustainable illusions of wealth. Sustainable real wealth is based on production associated with
saving.

Unsustainable exponential growth exhibits itself in several collapsing global trends:
Energy resources depletion, Peak Oil, Peak Fresh Water, overpopulation resulting in poverty,
disease, food crises and starvation, financial and credit cyclic crises, depletion of phytoplankton,
zooplankton and ocean fisheries, deforestation, and desertification as well as global climatic
change.

As unsustainable systems are adopted the cost of devoting extra resources for their
maintenance as long as possible increases. Eventually, a point is reached at which meeting new
challenges leads to diminishing returns followed by negative returns. A systemic shock ensues,
either internally such as social upheaval caused by resource exhaustion, or externally such as
foreign wars to control the available external resources when opportunities arise. The shock
causes a rapid collapse disintegrating the unsustainable system and generating new smaller self-
sustaining entities. The conclusion is argued that wealth creation can occur in a sustainable
manner only through production followed by saving from production, rather than from debt
creation and consumption.

If something cannot be sustained or is ‘“unsustainable,” it is bound to change.
Unsustainability occurs when the outputs from a closed system exceed the inputs; when the
expenses rise faster than the incomes; when the births exceed the deaths; when the debts exceed
the profits, when entitlements (pensions, health care) exceed production. In the nonlinear real
world, food, fresh water, energy, fertile soil, mineral resources, technological change, human
adaptation, and continued growth could become unsustainable.

Unsustainability in increasing debt relative to decreasing Gross National Product (GDP)
is already occurring in Japan, Europe, the USA and China despite attempts at “austerity” by
promises by governments that cannot be fulfilled, leading to unemployment and eventual social
upheaval. A global experiment pits the theories of John Maynard Keynes against von Mises and
of Fisher versus Milton Friedman. New paradigms are emerging along the ideas of “creative
destruction” by Joseph Schumpeter and those of stability leading to instability by Hyman Minsky.
A new world of rapid change will be unavoidable with the norm being survivability.

The Austrian economist Joseph Schumpeter considered that big business cycles are the
inevitable consequence of innovation, as well as the resistance to innovative change that always
exists within the old order. Societies respond to the pain caused by unsustainability failures, just
as behaviorist B.F. Skinner’s pigeons learned complex behaviors without understanding their
meaning.

During the Great Depression period in the 1930s, considerable growth occurred in
technological innovation. Necessity created several innovations that made human lives better and
easier such as washing machines, copy machines, the car radio, and the electric shaver. The first
nylon material was introduced by the DuPont Companies. Improvements in existing technologies
like the automobile and airplanes were constantly happening.



Criteria for the sustainability of energy systems are presented and the relevant equations
for resource use and depletion time are derived. The close interrelationship between energy,
farming and finance is discussed. The common misunderstanding of the exponential function as
a doubling process is clarified. For instance, consider the following problem:

“A patch of lilies floats on the surface of a lake. Every day, the patch
doubles in size; this means that the ‘doubling time’ is one day. If it takes 48 days
for the patch to cover the entire lake, how long would it take for the patch to cover
half of the lake?”

The first response of most smart people is possibly to take a shortcut, and to take 72 of the
final answer by leading to 24 days. For a doubling process, this is incorrect. The correct solution
is 47 days. It takes only one day to double the size of a patch of lilies covering half the lake to
cover the whole lake. The humans’ brain appears to be wired for linear processes, whereas nature
throws at them exponential functions sometimes.

“Sustainable development” is defined in what is commonly referred to as the Brundtland
Report, which is of the basic references in the modern practice of sustainability. The idea behind
sustainable development is that some parts of the world have adopted economic incentives that
fail to account for the long-term impacts of pollution and the loss of shared resources. Some of
the apparent results are that 4.6 million people die each year just from air pollution, the ocean’s
edible fish are being harvested to extinction and record droughts exacerbated by climate change
are ravishing crops worldwide. The Brundtland Report was the product of a 4-year duration
commission set up by the United Nations member countries that were increasingly concerned that
the world’s resources were being squandered and its environment spoiled. It is generally there
defined as: “development in which resource use aims to meet human needs while preserving the
environment so that these needs can be met not only in the present, but also for generations to
come.”

The world’s economies presently primarily run depending on hydrocarbons, primarily oil
Without oil, there is no economy. In the past in the USA oil flowed freely out of the ground, and
the population consumed it proportionally, thus the economy became hooked on it. Currently it
is relying more and more on fracking to get hydrocarbons out of the ground. Fracking is a water
intensive, energy intensive, and money intensive way to extract oil, and gas from tight
hydrocarbon formations. The only reason one would do it is because there is no other way to get
the conventional oil and gas out. The USA is essentially out of oil, and out of gas and is “scraping
the bottom of the barrel”. With domestic oil and gas tanking on “empty”, the USA economy is
running out of “steam” as well. The USA needs to go out for foreign oil and gas, to supply itself.
Unfortunately, those countries that have extra oil to spare want to be paid for their sales in real
terms rather than debt by an inflating and depreciating reserve fiat currency.

The “Export Land Model” or ELM shows how a country that has resources, produces
them eventually and prosper enough to use increasingly more of those resources until it has little
or none to export. Mexico announced they will stop exporting oil to the US in 2023 as one
example. In order to address this, the West is accused to have systematically “bombed back to the
stone age” countries such as Syria, or threatened to do so to dozens of countries in order to
decrease demand for these resources.

The cost of fuel and other energy sources is bound to get higher. Hoping for prices to
come down is wishful thinking. The West, and the rest of the world, would be best off figuring



out how to get along with less oil, gas, and other energy. A major USA plunge for modern safe
nuclear power for the bulk of supply with rapid deployment is an option. More emphasis on
hydrogen or fuels that can be made using electricity from renewables. A massive Manhattan
project with a goal of practical fusion power generation should be launched concurrently.

ENERGY CONVERSION PRINCIPLES, FLOW SYSTEMS ASSYMETRIES

Some principles of energy conversion apply to specific cases in engineering and practical
science, while still falling under the universal umbrella of the Laws of Thermodynamics. A first
basic principle of energy conversion or extraction from the environment can be simply enunciated
as:

“Energy can only be extracted from a flow system.”
A corollary is that:
“The energy flow is from a high energy storage reservoir to a low energy sink.”

In hydroelectric power generation, the potential energy of water blocked behind a dam, a
waterfall or a dam on a river or stream cannot be extracted unless it is allowed to flow. In this
case only a part of it can be extracted by a water turbine.

In a heat engine, the heat energy cannot be extracted from a totally insulated reservoir.
Only when it is allowed to flow from a high temperature reservoir at which heat is added, to a
low temperature reservoir where it is rejected to the environment, can a fraction of this energy be
extracted by a heat engine.

In geothermal energy production the differential temperature deep underground close to
the magma and the Earth surface allows for an energy flow producing steam to drive a steam
turbine.

In Ocean Thermal Energy production (OTEC) the cooler temperature deep in the ocean
compared with the warmer temperature at the surface allows for the boiling of a low boiling-point
working substance such as ammonia (NH3) at the surface and then its condensation at the cooler
depth resulting in a flow system. Ocean tidal power generation depends on the flow of water
stored at a period of high tide behind a dam to flow out of storage at a period of low tide. Ocean
wave production uses the difference in the kinetic energy content in waves from crest to bottom
generated by wind flow on the surface of the water.

Totally blocking a wind stream does not allow efficient energy extraction. Only by
allowing the wind stream to flow from a high-speed region to a low speed region can energy be
extracted by a wind energy converter.

A second principle can be stated as:

“Only asymmetries in a hydraulic, kinetic, thermodynamic or aerodynamic system allow the
extraction of a portion of the available energy in the system.”

Ingenious devices, conceptualized by ingenious people, take advantage of naturally
existing asymmetries. Alternatively, ingenious artificial configurations or situations favoring the
creation of these asymmetries are created to extract energy from the environment.



A third principle is that:

“The existence of a flow system necessitates that only a fraction of the available energy can be
extracted at an efficiency characteristic of the energy extraction process, with the rest returned
back to the environment.”

A corollary ensues that:

“The conversion efficiency is proportional to the width of the existing natural or the created
artificial asymmetry.”

In thermodynamics, the ideal heat cycle efficiency is expressed by the Carnot cycle
efficiency. In a wind stream, the ideal aerodynamic cycle efficiency is expressed by Betz’s
efficiency equation [1].

SHALE OIL AND GAS MIRAGE

The USA has 1.7 million operating shale wells. Within five years, 1.4 million of those
wells will have to be replaced to keep production constant. The decline rate for the average shale
well is 89 percent over its first five years. At an average replacement cost of $4.4 million per well
the total cost of replacing 1.4 million wells is $6.2 trillion. The total cost of all the petroleum
products consumed by the USA over five years is approximately $2.5 trillion. To keep the shale
industry alive over a five-year period, it costs the USA economy 6.2 / 2.5 = 2.5 times as much as
it will spend on all the petroleum products it consumes. The USA is selling the oil it produces at
46 percent below its full life cycle cost of production. In essence it is “eating the seed corn.” The
unsustainable situation can lead to massive dislocation in the petroleum industry.

A major misconception is that the USA is expected to become energy-independent in a
few years, even with the end of “Peak Cheap Oil” and in the era described as “Expensive Oil”:

1. Even though the USA produced more petroleum in 2015 than it produced 42 years earlier, that
cannot last for too long. According to the Energy Information Administration (EIA), the USA
produced 9.4 million barrels per day (mbd) during the week of March 23, 2015, compared with
9.3 mbd in December 1972. What is missed is that the Energy Returned On Invested (EROI) fell
from 100 — 1,000 in the 1930’s to Shale Oil at just 5 around 2014. The reason only one percent
of the Bakken field was breaking even at $40 per barrel oil in 2015 was due to its low EROL
Shale oil in the Bakken has an average of 5/1. It takes 1 barrel worth of energy to produce 5
barrels for the market. The EROI in 1970 was 30/1 and in the 1930’s 100/1.

2. The USA still imported 6.9 mbd during the week of March 20, 2015. This a very large gap to
fill with local production.

3. In 2004, the USA produced 5,665 barrels per drilling rig compared with Saudi Arabia at
157,335 barrels per drilling rig. Saudi Arabia produced 157,335/ 5,665 =27.77, or 28 times more
oil per drilling rig than the USA in 2004. In 2015, after a significant reduced demand-induced
drop in the price of oil, the ratio is still 129,333 / 11,420 = 11.3.

4. The average oil drilling rig number in 2014 in the USA was 1,527 compared with just 62 in
Saudi Arabia. The 2014 drop in the oil price cut the USA oil drilling rig fleet from a high of 1,600



in 2014 to nearly one half at 825 in March 2015. The Saudi Arabian oil rigs number increased to
75 in February 2015.

5. Oil and natural gas in the Bakken, DJ-Niobrara, Permian, Marcellus, and Eagle Ford basins are
technically called “Tight Shale Oil” and “Tight Shale Gas.” Tight Shale Oil is confused with “Oil
Shale.” To extract oil from oil shale, the shale must be crushed and then heated using steam to
remove the oil. Oil shale resources, at an EROI around 2, cannot be placed in the same category
with high EROI light sweet crude. Claims that North America in the USA and Canada has a
trillion barrels of oil resources, including oil shale and tar sands, appear exaggerated since these
resources are uneconomically exploitable.

The world has run out of a particular form of oil: affordable oil. The peak oil story is still
valid, just playing a different tune. Expensive oil destroys industrial economies, whereas cheap
oil destroys the oil producing nations and companies. The problem is that the world needs to
produce 30 billion barrels of oil per year, and that is a tall order.

Shale oil and gas through the new technologies of hydraulic fracturing and horizontal
wells drilling used cheap financing and expensive oil to flourish. The problem is that at $100 a
barrel, hardly anyone made any profit on shale. At $40 a barrel shale was losing money. The
consequence was that in 2015 the shale oil companies fired thousands of workers and idled the
drilling rigs. North Dakota became littered with unfinished apartment complexes.

Drillers can re-frack their wells, but the yield is abysmally low; so it is rarely attempted.
Re-fracking produces very little additional oil. Most of what is produced from re-fracking is gas,
which is a low revenue product. It is more cost effective to just drill a new well.

In fracking, a field is “creamed” by massive infill drilling with horizontal wells that skim
the very top of the reservoir. Infill drilling is the addition of wells in a field that decreases average
well spacing. This practice both accelerates expected recovery and increases estimated ultimate
recovery in heterogeneous reservoirs by improving the continuity between injectors and
producers. As well spacing is decreased, the shifting well patterns alter the formation-fluid flow
paths and increase sweep to areas where greater hydrocarbon saturations exist. The decline rate
is then drastically reduced while the depletion rate is drastically increased. Things will go just
great until the water hits those horizontal wells at the top of the reservoir. Then production drops
like a rock.

The financing came in the form of high-yield junk-bonds issued by the oil companies with
commissions for the big banks. When the price of oil crashed below to the $30 level, many oil
companies without cash flow could not service the interest payments on the loans leading to bond
defaults and bankruptcies in the USA’s oil patch. Industrial economies evolved to depend on
cheap oil, which no longer exists.

7.2 ENERGY SUSTAINABILITY

Energy sustainability has become the most central issue of our time and collective
existence and well-being. Mankind has benefited for a century from cheap and abundant supplies
of energy, particularly fossil fuels, and built a world that is dependent on it. The occurrence of
economically disrupting energy crises and the global competition and rush using political as well
as military means for securing fossil fuel supplies creates a motivation to look in detail at the
issues of sustainable energy use and the management of limited resources that are subject to
depletion and need eventual replacement. It is reported that $44 billion per year is spent by the
USA Department of Defense to protect the access to the global petroleum supplies.



The world may be living in a monumental cheap and plentiful energy and fresh water
supplies availability illusion. The world’s conventional crude petroleum output appears to have
already peaked around 2010. What are being reported as crude oil supplies are primarily marginal
natural gas and tar sands liquids and deep-water supplies.
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Figure 4. World mineral reserves and resources, years of supply left. New discoveries are not
keeping pace with the loss of conventional resources. The current resource replacement ratio for
conventional resources is only 16 percent. Only one barrel out of every six consumed is being
replaced with new resources. So not only has our pace of discovery declined, but discoveries are
also in much more challenging geological venues and typically offshore, which means it could
take many years just to bring new resources online.

A global competition and grab for the global petroleum resources exists. The USA liquid
petroleum consumption is over 18 million barrels per day, whilst its production is around 7 million
barrels per day. Chinese consumption is around 9 million barrels per day, on the way to 15 million
by 2015. Indian consumption is currently 4 million per day, headed to 7 million by 2015.

The average USA citizens use 327 GJ of energy per year compared with 22 Gl/year in
Vietnam and 21 in India. In Brazil, it is 44. These countries have room to grow using the energy
inputs, whereas the rich countries find it hard to put more technology into service profitably with
energy use declining in the USA, Europe and Japan.

A Joint Operating Environment report issued by the USA Joint Forces Command suggests
that the USA could face petroleum shortages much sooner than many have anticipated. The report



speculates that by 2030, the world will require production of 118 million barrels of oil per day,
but will produce only 100 million barrels a day.

The world supply of petroleum as of 2009 was about 85 million barrels per day, whilst
demand was 87 million barrels per day; generating an unsustainable fundamental supply and
demand imbalance.

The world uses about one cubic mile of crude petroleum per year. The International
Energy Agency (IEA) estimates that petroleum production will be ramped up from its current
level of 85 million barrels per day to 105 million barrel per day by 2030. An insider to the IEA,
Kjell Aleklett, professor of physics at the Uppsala University in Sweden, and co-author of a report
“The Peak of the Oil Age,” states that: “oil production is more likely to be 75m barrels a day by
2030 than the ‘unrealistic’ 105 million barrels per day used by the IEA.” The French company
Total SA, that is making a move into the Alberta oil sands, does not accept the IEA’s optimistic
claims. The company runs on the belief that oil production would not surpass 95 million barrels.
Former chief executive officer of Canada’s Talisman Energy, Jim Buckee, agrees that the IEA
prediction is an overestimate. Sadad Al Husseini, energy consultant and the former exploration
and production chief of the world’s largest oil company, Saudi Aramco, recently said: “Oil
supplies have reached a capacity plateau and will not meet a growth in demand over the next
decade.”

New petroleum fields, generally smaller, are less productive than old ones. A virtual free
fall in production rates from the North Sea fields occurred after reaching peak output in 2000.

The world’s output of conventional crude petroleum peaked around 2010. The global
total output of what is generically called “oil” has slightly risen in recent years. But this is so
because there are increasing volumes of Natural Gas Liquids (NGLs) in the mix, as well as
unconventional oil such as Canada’s oil sands. But the production of conventional oil has already
peaked. The future of conventional petroleum output is down, even with the future output from
recent deep water offshore discoveries off Brazil, Nigeria and Gulf of Mexico coasts 150 miles
offshore, 8,000 feet of water depth and below 20,000 feet of rock and salt.

The USA imported 65 percent of its oil by 2009. By 2025 it will be importing 92 percent
of it, according to the present trends. The global petroleum reserves have fallen for the first time
in a decade. The global reserves totaled 1.25 trillion barrels at the end of 2008, according to the
British Petroleum (BP) Company’s Statistical Review of World Energy down from the 2007
reserves of 1.26 trillion barrels. At the current rate of consumption, production and supply, the
world would have enough reserve to last 42 years. This assumption is unrealistic since it does
not allow for any growth in the rate of consumption.

Yet, without new investment, the output from the world conventional petroleum fields is
declining at an annual rate of 9.1 percent according to the International Energy Agency (IEA).
With extra investment to raise production, the decline rate is still expected to remain at an annual
rate of 6.4 percent. World consumption by 2030 is expected to be 106.4 million barrels per day;
an unattainable paradoxical goal with the projected decreased production.
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Figure 5. Increasing conventional petroleum production cannot be sustained by
decreasing new discoveries.
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Figure 6. Fluctuating petroleum price. 2006-2011. The pace of discovery declined, but
discoveries are also in much more challenging geological venues and typically offshore, which
means it could take many years just to bring new resources online.

Humanity is facing Peak Oil, Peak Grain and Peak Fresh Water supplies in the face. It
needs to develop substitutions for the depleting energy, food and fresh water sources to sustain
human development and fight poverty. Humanity faces Jevon’s Paradox: “The more efficient
you make means for using a resource, the more of that resource you will use.”

The concept of “Peak” here is understood to mean that the consumption rate will grow
exponentially, reach a maximum, followed by a decreased output over time; not that the world
will totally run out of any of them. However, as they are more difficult to extract or produce and
as demand exceeds the supply, their costs of production and consequently their prices are
expected to inexorably increase.

Peak Oil is a real observation, not a theory. It draws upon and has at its disposal decades
of geological experience with individual oil fields, producing basins, and entire countries all



repetitively experiencing the exact same behavior: Oil production increases up to a point, and
then it decreases afterwards. One should caution here that the definition of propaganda is “a form
of communication that is aimed at influencing the attitude of a community towards some cause
or position.” Propaganda about Peak Oil being a theory rather than an actual observation, usually
involves the selective use of facts or the avoidance of appropriate context, coupled with loaded
messages and words, in order to elicit an emotional rather than rational response.

Some suggest that the competition for the control of the remaining resources would lead
to social dislocations and conflicts that could eventually result in a worldwide civilization and
population collapse. They suggest that this process may apparently have already been ongoing
in the Middle Eastern region with contagion into Europe.

Table 1. Global hydrocarbon resources in trillions (10'?) of barrels of oil equivalent (boe) at
different extraction costs.

Resource Size Production cost

[10'2 boe] [$ / boe]

Conventional liquid 1 1-40

petroleum, already

extracted

Conventional liquid 1 15-100

petroleum, remaining to be

extracted

Heavy oil, tar sands, 2 50-100

bitumen

Oil shale 1.5-2 60-125

Natural gas to liquid 2 60-125

Coal to liquid 1.5 60-150

boe = barrels of oil equivalent

A Point of No Return (PNR) has been reached in the conventional liquid fossil fuels
energy supply, the die has been cast, and the Rubicon has been crossed. The PNR is a technical
term that refers to the point of an airplane flight at which, having consumed half of its fuel load,
it is no longer capable of returning to its airfield of origin. PNR implies an irrevocable
commitment. “Crossing the Rubicon” is a similar popular idiom meaning to go past a point of no
return. The Rubicon was an ancient river boundary between the Gaul territory and Italy. Julius
Caesar crossed it in 49 BC. It was a deliberate acts of war in which he was reputed to have
originated the “die is cast” expression, after which he eventually seized power.

The world did in fact run out of “cheap petroleum.” In 1998, petroleum traded for around
$12/barrel. The price rose to $147 in July 2008. The financial panic of 2008 collapsed the price
to $34/barrel. By early 2011 petroleum prices rose back to over $100/barrel.

This higher price increased the available oil supplies from new resources in deep waters
and from shale deposits and oil sands. Today the world consumes roughly 90 billion barrels a
day. The cheap oil still exists in the politically volatile Middle East which holds 56 percent of the
light sweet world’s reserves. Canada has the world’s third largest reserves in the form of oil sands
heavy oil. Nineteen percent of the oil traded in the world goes through the Straits of Hormuz
choke point.
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Figure 7. Global petroleum supply flow from the Middle East. Nineteen percent of the flow
goes through the Strait of Hormuz. Source: EIA.

Figure 8. Gulf of Oman and Strait of Hormuz choke point.



Figure 9. Petroleum and gas resources across the Arabian / Persian Gulf region. A large gas
field exists across political boundaries between Oman and Iran.
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Figure 10. As oil is priced in dollars, crude oil price has a positive correlation with the Euro
currency (bottom) and a negative correlation with the dollar currency (top). It must be noticed
that correlation does not imply causation. Political price manipulation on the commodity
exchanges, and not market forces, eliminates the competition from small producers about every
20 years.



Most of the proven petroleum reserves in the world are controlled by national oil
corporations and governments as a result of “resource nationalism,” where countries have become
more sophisticated in the protection of their resources and their environment. These large state-
owned and managed National Oil Companies (NOCs), such as Saudi Arabian Aramco, Kuwait
Oil Company, Brazilian Petrobras, Mexican Pemex, National Iranian Oil Company, Sonangol,
Petroleos de Venezuela, Russian Gazprom and Rosneft, control 85 percent of the world’s
hydrocarbon resources.

Just 7 percent of the world’s hydrocarbon reserves are still controlled by the Western
companies. These are pumping petroleum from the ground but are not replacing their reserves
neither through resource expansion nor reserve growth. Their profits are used to buy back their
own stock and acquiring each other, in effect mining the stock exchanges for reserves and
practically liquidating themselves, unless allowed to explore and produce offshore and in other
frontier areas such as in the Arctic National Wildlife Refuge (ANWR).

The largest USA oil company; Exxon-Mobil is just the 14™ largest oil company in the
world. American oil companies have lost the once unlimited access to oil that they had in the
past. For instance, Exxon-Mobil buys 90 percent of the oil it refines for the USA market from
the larger players. President Jimmy Carter imposed a “windfall profit tax” on them, to a
devastating effect, putting them at a competitive disadvantage relative to their international
competitors. USA oil companies make 8.3 cents in gross profit per dollar of sales, compared with
13.7 cents for computer equipment makers, 14.5 for the electronics industry, and 27.5 for the
software industry, according to the Census Bureau.

Meanwhile, for political correctness, the USA has adopted an unsustainable agricultural
and energy policy using 30 percent of its corn crop to produce 3 percent of its transportation fuel.
This has resulted in soaring prices of food. The energy producers and the food producers are
squeezing others in the middle. Yet, the USA is the economic and scientific engine of the world,
and the hope of pulling the globe from an unsustainable energy and monetary situation will
depend on its leadership.

Since the petroleum use predictions are presented by consultant firms which consider their
numerical models and data as proprietary and do not publish them, we derive the underlying
equations from first principles. We consider here the mathematical basis of a depleting resource
usage based on a model suggesting an exponential rise in its usage followed by an exponential
decay, and derive the underlying concepts of doubling time, and the depletion time of a limited
resource. We propose a model that best fits the data on existing energy sources consumption
picture of an exponential growth up to half the depletion time followed by an exponential decay
over the other half of the depletion time.

We extend the perspective by considering nuclear energy as an expandable rather than a
depleting resource only when the process of fissile fuel breeding is adopted and present the
relevant equations for its exponential growth and doubling time.

7.3 SUSTAINABLE ENERGY

Economic growth and social progress are dependent on future supplies of energy. Energy
experts project that up to 40 percent of the electrical power stations the world will need by 2020
have not yet been built. Developing countries like Brazil, India and China are rapidly
industrializing resulting in a projection of world energy consumption to increase by 57 percent
from 2002 to 2025, according to the USA Energy Information Administration (EIA).



From the perspective of sustainability, energy systems can be classified into three
categories:

1. Renewable: This includes wind, solar thermal and photo-voltaic, biomass as well as
geothermal and tidal and Ocean Thermal Conversion (OTC).

2. Depletable: Includes stored energy sources that are not replenished at a faster rate than they
are depleted. These include the fossil fuels such as petroleum, natural gas and coal.

3. Expandable: With proper application, only nuclear fission and fusion energy possesses the
unique feature that it can be made to generate more fuel through the breeding process than it
consumes.

Nuclear processes are recognized as the basic sources of energy in nature and are the
“mother” of all other forms of energy. Nuclear fusion reactions in the sun are the source of
renewable sources such as wind, solar and biomass, as well as depletable sources such as
petroleum, natural gas and coal which are in fact, forms of stored solar nuclear fusion energy.
Another nuclear process in the form of radioactivity in the Earth’s crust and mantle is the source
of geothermal energy as a renewable source.

The petroleum industry is betting its future on moving to build the first commercial
combined hydrogen power and carbon storage and segregation projects. Fossil fuels such as coal,
petroleum or natural gas would be converted to hydrogen as an energy carrier and CO,. The
hydrogen would be used as transportation fuel and to generate electricity using fuel cells as an
engine, and the CO> would be captured and pumped into depleted oil and gas reservoirs to help
increase their lost pressure and the secondary recovery of more oil from them. If feasible, it is
estimated that the carbon emissions from this mode of power production would be 90 percent
lower than from directly burning fossil fuels.

7.4 USA AND WORLD ENERGY PICTURE

The USA is touted as the world’s largest consumer of energy, using 26.3 percent of the
world’s total oil supply, while representing just 5 percent of the global population. An average
Chinese citizen consumes less than 2 barrels of petroleum per year, the average Indian citizen
consumes less than one barrel of petroleum per year, whereas the average USA citizen consumes
25 barrels per year. The USA’s greatest technological, economic and strategic challenges are the
achievement of energy independence, necessitating a serious energy conservation, substitution
and production program for the next century.

On a per capita basis, the World Resources Institute’s data for 2003 on total energy
consumption in units of kilograms of oil equivalent (kgoe / capita) is shown in Table 2.

The residents of the Middle East are the largest consumers of energy in the world. With
a combined wealth and population explosions in the oil producing countries, their citizens are the
largest consumers of energy in the world. Depending on depleting oil as their main source of
income, makes them face an unsustainable economic future.



Figure 11. Early high gusher petroleum well. The petroleum pumped out of the ground
since Colonel Drake drilled his well in 1859 would cover the state of California to a depth of
about 10 feet.

The first petroleum well was dug by Colonel Edwin Drake, a train conductor with
interestingly absolutely no military background, in Titusville, Pennsylvania in August 1859, and
produced 25 barrels of oil per day. It was a hole dug near a known oil seep near Oil Creek. The
world as of 2009 produced 86.9 million barrels of oil per day:

86.9x10°

—=1,005.8
24 x60x 60

or around 1,000 barrels per second.

In 2007, the International Energy Agency (IEA) estimated the global oil demand at 86.1
million barrels per day (bpd) with a year over year (yoy) growth in oil demand of 2 percent. The
world’s suppliers, with the Organization of Petroleum Exporting Countries (OPEC) providing 40
percent of the demand, are producing the 86.9 million barrels per day.

Spare petroleum capacity, according to the IEA, is capacity that can be turned on for 30
days and sustained for 90 days. A comfortable level of spare global capacity would be 5-6 million



bpd. Recently that value has been less than 3 million bpd, with 1-2 million bpd of that spare
capacity from the Kingdom of Saudi Arabia. The USA lost its spare capacity as of 1970.

The world population is increasing at the rate of about 77 million people every year. It
was as of 2019 about 7.2 billion people.

Table 2. Per capita total energy consumption, 2003.

Total energy consumption

Country [kgog}/] person] ’
USA 7,794.8

UK 3,018.1

UAE 10,538.7

Qatar 21,395.8
Kuwait 9,076.0
Bahrain 10,250.5

The USA imported 55 percent of the petroleum it consumed as of 2005. This was up from
45 percent in 1992. This percentage is estimated to grow to 68 percent by 2025. Petroleum
accounts for about 41 percent of the USA’s total energy use.

If compelled to rely on its own resources, the USA is expected to run out of present
petroleum supplies in about 18-20 years, even taking into account Alaskan petroleum and the
Strategic Petroleum Reserve established in 1975 and located at a number of sites in the states of
Texas and Louisiana. Within 15 years, the USA will require about 50 percent more natural gas
and 33 percent more petroleum to meet its escalating energy demand. It is inevitable that it would
have to consider lifting any bans on drilling in its continental shelf for environmental
considerations.

The USA keeps 696 million barrels in the Strategic Petroleum Reserve, stored in
underground salt caverns in Texas and Louisiana, according to the USA Department of Energy
(DOE). The stockpile was created in 1975 to protect against supply interruptions after an Arab
embargo. The last major drawdown was a 30-million-barrel sale in 2011 amid unrest in Libya.
While the nation is committed to holding enough oil to cover 90 days of imports, it currently has
enough for more than 200 days, according to the International Energy Agency (IEA); the
organization of oil-consuming countries that coordinates stockpiles.

The USA’s population has reached a size of 300 million in 2006 which is 300 x 10/ 7.0
x 10° = 0.043 or about 5 percent of the world’s population. It is expected to reach 400 million
people by 2050.

As the USA consumes 22 million barrels of oil per day, or fully 22 / 83.5 = 0.263 which
is 26.3 percent of the world’s production, the entire continent of Asia including India and China
consumes only 20 million barrels of oil per day. The Asian population is about 3 billion people.
This suggests that the per capita petroleum consumption in the USA is:

22 20
6/ 9
300x10° 3x10

or 11 times that of Asia’s population. As China, India, South Korea, Brazil and other countries
develop economically, this gap is expected to decrease creating massive pressure on the global



petroleum supply. It can be noted for instance that by 2004, China’s petroleum imports increased
by 40 percent. Europe imports about 30 percent of its natural gas from Russia through pipelines
that cross the Ukraine. Oil and gas account for about 50 percent of Russia’s government revenue.

Overall, as of 2013, the per capita oil use in the USA is about 22 barrels per year and 24
barrels in Canada supporting their high standard of living and their large-distance transportation
system. In Europe, with high fuel taxes, short distances and passenger rail system, the per capita
oil use is about 10 barrels per year. In comparison, in China the per capita oil use is about 2.5
barrels per year. In India, the per capita oil use is just over one barrel per year.

The world used 86.8 million barrels of crude petroleum per day as of 2008 or 86.8 x 365
= 31.68 x 10° barrels per year, corresponding to a usage of about 1 billion barrels every 365 /
31.68 = 11.52 days. With a world population at 7.0 billion people, the average daily per capita
consumption is: 86.8 x 10°/7.0 x 10° = 1.24 x 102 barrel / (person.day) or about one hundredth
of a barrel per day per person.

What is not well known is that 90 percent of the world’s petroleum reserves were
discovered more than 25 years ago. In 2000 there were 16 new large discoveries. In 2001 this
number was 8, and in 2002 it was 3, and in 2003 it was zero. In 2008 a discovery was reported
offshore Brazil. The world petroleum consumption currently outstrips new discoveries by a factor
of 4:1 or four barrels of petroleum are disappearing for each one discovered. The world’s cheap
petroleum has already been discovered and is being consumed and depleted.

The Kingdom of Saudi Arabia is reported to have reserves of 260 billion barrels, which,
if it were the only source, would supply the world for just 260 / 31.68 = 8.2 years.

The USA was faced with energy crises in 1970s and the early 1980s, forcing an
automobile driving speed limit of 55 miles per hour, long gas station refueling lines, dialing down
of home heating thermostats and the implementation of conservation of fuel and energy efficiency
measures in appliances and transportation vehicles.

Conservation itself is constrained by the Jevons Paradox. The British economist William
Stanley Jevons in 1865 advanced the thesis that increased efficiency would raise energy use rather
than cutting it: “It is wholly a confusion of ideas to suppose that the economical use of fuels is
equivalent to a diminished consumption. The very contrary is the truth.”

Population growth in the USA and the collapse of the price of petroleum in the period
1986-1999 led to a 30 percent boost in energy demand, half of it in the decade 1995-2005. Energy
demand is projected to grow by 32 percent in the USA over the next two decades. By 2025, the
USA population is expected to increase by 20 percent to 337 million, with a corresponding
increase in energy demand.

The Energy Policy Act of 2005 required that the USA Department of the Interior prepare
a comprehensive inventory of Outer Continental Shelf (OCS) oil and gas resources for the USA
Congress. The ensuing report stated that, for “technically recoverable oil and gas on the OCS,
2006", total endowment or mean estimate, is 115.43 billion barrels of oil, with a cumulative
production to date of 14.12 billion barrels. For natural gas, the estimate is 633.62 trillion cubic
feet, with a cumulative production of 153.57 trillion cubic feet. Thus the USA has used, in the
last 150 years, and at the current production rates, about 12 percent of its OCS oil and about 24
percent of its OCS natural gas.

In 2008, the Exxon-Mobil USA oil company reported that its average output fell by
614,000 barrels / day. British Petroleum’s Thunder Horse Project in the Gulf of Mexico which
took 20 years to complete at a cost of $6 billion will produce 250,000 barrels per day, replacing



less than half of the Exxon-Mobil shortfall. Chevron’s Jack 2 project in the Gulf of Mexico cost
$240 million for a single exploratory well.

7.5 ECONOMIC AND STRATEGIC IMPLICATIONS

A USA Department of Defense (DOD) study on the security implications of fossil fuels
depletion entitled: “Imagining the Unthinkable,” predicts that in the not too distant future, wars
will be fought primarily over resources including energy sources, fresh water supplies, and
minerals such as rare earth metals. The report suggests: “Humanity would revert to its norm of
constant battles for diminishing resources. Once again, warfare would define human life.”

Currently, to provide access to Middle Eastern petroleum, the defense budget of the USA
is estimated to add a hidden cost of about $5 per gallon of gasoline consumed in the USA.

Developing countries such as India, Korea and China are emerging as large energy
consumers. The world needs to find another 40 million barrels of petroleum per day on top of
what is currently being produced to meet the rising demand. This seems to some experts as
unlikely, suggesting a looming crisis.

As 0f 2005, the global petroleum reserves were distributed as shown in Table 3. Forty six
percent of African oil is sub Saharan in primarily Nigeria, Angola, Gabon, Equatorial Guinea,
Congo, Chad and the Sudan. The petroleum territories distribution mirrors the areas of local and
global social upheaval and military conflict.

Table 3. Estimated global petroleum reserves, 2005-2010.

Percentage Amount
Location [percent of global [billion of barrels]
market share]
Saudi Arabia 12.0 264.5
Venezuela 32 211.2
Iran 52 137.0
Iraq 3.1 115.0
Kuwait 3.1 101.5
United Arab Emirates, UAE 33 97.8
Russia 12.9 77.4
Lybia 2.0 46.4
Kazakhstan 2.1 39.8
Nigeria 2.9 37.2
Canada 4.2 32.1
USA 8.7 30.9
Africa 8.0
Middle East 57.0
USA and Canada 15.5
Latin America 9.0
Former USSR 6.0
Asia-Pacific 3.0
Europe 1.5




Total

100.0

Table 4. USA Imports of petroleum. August 2006 — August 2007.

Source 10° barrels/day

[mbd]
Canada 1.853
Mexico 1.448
Saudi Arabia 1.427
Venezuela 1.112
Nigeria 1.025
Angola 0.524
Algeria 0.509
Iraq 0.481

Table 5. Estimated global oil incomes, exports and production.

Oil Export Revenue, | Net exports, | Production, | USA oil
Location 2005 2007-2009 2006 imports

[10° §] [mb/d]" [mb/d]" [%]
Kingdom of Saudi Arabia 153 8.728 10.9 15
Russia 122 5.430 9.7 4
United Arab Emirates, UAE 46 2.700 2.8
Kuwait 39 2.349 2.6
Nigeria 45 2.327 2.45 11
Iran, Islamic Republic of 47 2.210 4.259
European Union 2.196
Venezuela 38 2.182 2.855 13
Norway 53 2.061 3.1
Canada 2.001 25
Iraq - 1.910 1.942 5
Algeria 36 1.891 2.13 6
Mexico - 1.756 3.791 13
USA 1.704
Netherlands 1.660
Lybia 28 1.542 1.7
Angola 1.407 6
UK 1.393
Kazakhstan 1.345
Singapore 1.289
Mexico 1.225




Ecuador 2

* mb/d = million barrels per day

Most of the USA petroleum imports come from its neighbors Canada and Mexico.
However, Canada already consumes 90 percent of the petroleum it produces, and Mexico 60
percent. Mexico may soon become a net petroleum importer and Canada’s only abundant
reserves are its oil sands that are difficult and expensive to extract. Both face challenges with
their level of reserves, creating an unsustainable situation.

7.6 GLOBAL OIL DEPLETION

The discovery of new large oil and gas basins has peaked in the 1960s. Production is set
to peak too, with five Middle Eastern countries regaining control of the world supply. Almost 57
percent of the world’s total reserves of crude oil are located in the Middle East, notably in Saudi
Arabia, Iraq and Iran. The depletion pattern of petroleum shows that between 1980 and 1998
there was an 11.2 percent increase in world crude oil production, from 59.6 to 66.9 million barrels
of oil per day. This was a fractional increase of (66.9 — 59.6) / 59.6 = 0.1225 or a 12.25 percent
increase.

It took the world 150 years to consume its first 950 billion or about 1 trillion barrels of
oil, which is about half the oil known to humans. The world is consuming 31 billion barrels of
oil per year.

With an overly optimistic assumption, at the present constant rate of consumption, the
remaining one half of the known oil would be consumed in: 950 / 31 = 31 years. With a more
realistic assumption of an increasing rate of consumption, this period could become
correspondingly shorter as is discussed later.

As 0of 2005, the world oil supply and demand were balanced at 84 million barrels per day,
the filling of six Yankee stadiums, but demand reached about 86.5 million barrels by the end of
2005. Of these, the USA consumed around 22 million barrels/day. By 2006, the demand was
expected to grow by 2.2 percent which amounts to an extra 1.9 million barrels per day. This
would consume the excess spare capacity of the Organization of Petroleum Exporting Countries
(OPEC) at 1.0 to 1.5 million barrels per day. The only way to get the spare capacity back and
slow the demand is through the energy market rationing demand through higher prices and the
introduction of replacement sources of energy.

A former executive at Aramco in Saudi Arabia, Sadad I. Al Husseini, asserts that the major
oil producing nations are inflating the estimates their oil reserves by 300 billion barrels in a
competition to increase their assigned production quotas within the OPEC organization. Saudi
Arabia reported reserves of 267 billion barrels. The giant fields of the Arabian Gulf region are
reported to be 41 percent depleted. The production in the Middle Eastern region is primarily from
mature reservoirs and is constrained by the maturity of the exploited reservoirs to a 15 years
production plateau. The inability of supply to satisfy demand is adding $9.6 per barrel to the
price of oil for every million barrels per day of increased demand.

EXAMPLE

In 1999 the global petroleum demand was 75 x 10° barrels/day. It became 85 x 10°
barrels/day in 2007. The average rate of increase in demand over the period 1999-2007 becomes:



6 6 6
85x10” —=75%10 :10><10 125%10° barrels ‘
2007 -1999 8 day.year

Assuming a continuation of this average rate of increase in demand and the inability of
supply to satisfy demand is adding $9.6 per barrel to the price of oil for every 10° barrels per day
of increased demand, one can estimate the expected price increase per year as:

9.6

Wx1.25x106:12 $

barrel.year

At a price in 2007 of $95 per barrel, the price in 2010 would be expected to reach:

95+12(2010-2007) =95+12x3=95+36=131 $
barrel
If one ventures a more distant forecast to 2015, the price would be:
95+12(2015-2007)=95+12x8=95+96 =191 $ ,
barrel

which corresponds to a doubling of the price per barrel in 2015 relative to 2007, suggesting a
price doubling time of § years.

7.7 PEAKING OIL RESERVES AND PRODUCTION

The world conventional petroleum production did peak in 2004, China did peak in 2015,
and the world is expected to peak by 2021. The world has four giant oil fields: Al Ghawar in
Saudi Arabia, which produces 4.5 million barrels per day, Cantarell in Mexico, which produces
nearly 2 million barrels per day, Burgan in Kuwait which produces 1 million barrels per day and
Da Qing in China which produces 1 million barrels per day. Al Ghawar is, therefore, extremely
important to the world’s economy and well-being.

The USA conventional oil production, excluding hydraulic fracturing of tight shale
formations or “Fracking” has already peaked around the year 1974. Norway’s giant North Sea
field has peaked in production. Libya’s production peaked in 1970. Iran peaked in 1974. Europe
as a whole peaked in 2000. Indonesia peaked in 1997. All the “elephant” giant and supergiant
field have already been discovered.

Venezuela’s oil output fell to 2.7 million barrels a day in 2005 from nearly 3.5 million
barrels per day in the late 1990s. Its output is about 400,000 barrels a day short of its OPEC
production quota. A not so much disclosed fact is that OPEC’s production capacity has in fact
declined over the last quarter century from 34 million barrels per day in 1979 to 30 million barrels
per day in 2004.

The Kingdom of Saudi Arabia holds just over % of the world’s proven conventional oil
reserves at 264 billion barrels. Its production has been decreasing since 2004. The USA hoped



for Saudi Arabia to increase its steady state output of 9 million barrels per day to 20-25 million
barrels per day. The Saudi Arabian government suggested it may be able to eventually produce
15 million barrels per day. Saudi Arabia has seven giant oil fields which produce 90 percent of
its oil production and 10 percent of the world’s supply of oil. All of these fields are aging,
considering that the last one was discovered in 1968.

Present Reserves
A figure of merit in Petroleum production is the Present Reserves calculated as:
Present Reserves = Initial Reserves — Production + Discoveries.

As an example for the Ghawar oil field in Saudi Arabia, British Petroleum (BP) calculated
the proven recoverable reserves to be 260 billion barrels in 1980. Saudi Aramco states that the
current, proven, recoverable reserves are still 260 billion barrels as of 2019. The production since
1980 totals 122 billion barrels. Thus:

Current Reserves = 260 — 122 + Discoveries

There has only been one significant oil discovery in Saudi Arabia since the 1960’s, the
Hawtah Trend. The primary producing formation is the “Arab D” formation that does not exist
outside the immediate Gulf area.

Hawtah Trend: The only oil discovery in Saudi Arabia since the 1960’s is the Hawtah (Najd)
Trend, discovered in 1988, which reportedly had an initial production rate of 400,000 barrels per
day (bpd) from a group of nine small fields. Saudi Arabian American Oil Company (Aramco)
added 30 billion barrels to their reserves in 1988 for the Hawtah Trend. It would take 2 centuries
to produce 30 billion barrels at 400,000 bpd, and the field production had already declined by
50,000 bpd by the early 1990’s. The field had initial reserves of 2 billion barrels.

Shaybah: Discovered in 1968 but was not brought online until 1998 at 500,000 bpd. Production
was increased to 750,000 bpd in 2009. Reserves are reportedly 14 billion barrels. The field has
25 year recoverable reserves of 4 billion barrels.

Khurais: The Khurais field was discovered in 1957 and shut down in 1961. The oil reservoir had
little pressure and required water injection to initiate production. In 2009, water injection was
initiated which increased production to 1.2 million bpd. Aramco assigned 19.4 billion barrels of
reserves to Khurais. The 25 year recoverable reserves of this field are 4 billion barrels.

Manifa: Discovered in 1957 but shut down because the oil was extra heavy and contaminated
with hydrogen sulfide (H>S) and vanadium. The field was placed on line in April 2013 and was
reportedly producing 900,000 bpd in 2014. Aramco states that the production rate will increase
to 1.4 million bpd. Aramco assigned 11 billion barrels of reserves to Manifa. This field has 25
year, recoverable reserves of 8 billion barrels.



In 1988, Saudi Aramco increased their reserves by 70 Billion barrels for “technology
improvements”, like horizontal drilling. Horizontal drilling in the Kingdom of Saudi Arabia
(KSA) oil fields would only increase the short term oil production rate, not the reserves. The
biggest benefit of the horizontal wells is to reduce water production by skimming the petroleum
atop the water content.

Reserve additions since 1980 are thus 2+4+4+8=18 billion barrels. Thus:

Remaining reserves = 260 — 122 + 18 = 156 Billion barrels.

The Aramco Company estimates the remaining proven, recoverable reserves to be 260
billion barrels, despite producing 122 billion barrels since 1980 and having few reserve additions.

Sustainable Production Rate

A figure of merit that is as important as present reserves is the sustainable production rate.
The Ghawar field was discovered in 1948, and is the largest oil field in the world and is 3 times
the size of the second largest oil field in the world. The field has had a water production problem
since the 1970’s and is nearing the end of its producing life. The producing formation is a calcium
carbonate or limestone called the “Arab D” formation, with a thickness of 250 feet. The formation
is in the shape of an elongated dome with a length of 174 miles.

Oil occupies the higher elevations of the dome. Salt water occupies the lower elevations.
The field is underlain by an active aquifer which fills the lower elevations of the reservoir with
water as the oil is produced from above. This helps to sustain the reservoir pressure. The Ghawar
field has produced 5 million bpd for decades and continues to produce 6 — 8 percent of the world’s
oil production.

The Al Ghawar field was brought on line in 1951. By 1981 it was producing 5.7 million
barrels per day. Its production was restricted during the 1980s but by 1996 with the addition of
two other areas in the southern area of Ghawar brought on production, Hawiyah and Haradh, the
production went back up above 5 million per day. There have been 3,400 wells drilled into this
reservoir

There are published reports that Al Ghawar has from 30-55% water cut. This means that
about half the fluids brought up the well are water. The decline rate is estimated at 8%. Thousands
of barrels per day of production must be added each year. Cumulative production from the field
is 55 billion barrels. In 1975 Exxon, Mobil, Chevron and Texaco estimated that the ultimate
recovery from the field would be 60 billion barrels. Aramco estimates that the field can recover
another 125 billion barrels. The “good” oil in the Ghawar field life expectancy is less than 20
years, according to Aramco (Arab American Oil Company) reservoir engineers. Aramco has been
pumping water into wells to boost declining production which works in the short-term but leads
to faster decline in the long-term.

The Aramco engineers employed a unique method of injecting water into the aquifer along
the periphery of the field during the primary production phase. Water injection rates are 8 million
b in Ghawar to sustain oil production of 5 million bpd. A total of 12 million bpd of water is
injected into all Saudi oil fields in this manner to sustain reservoir pressure.

Most Saudi oil fields were producing large volumes of water by the end of the 1970’s.
The Aramco engineers began an aggressive recompletion program to reduce the water production.
When a well starts producing water, the water has a tendency to “crowd out” the oil due to waters’



lower viscosity. Most of the producing wells had an “open-hole” completion, where there is no
production casing across the producing formation. Aramco ran production casing into many wells
and then perforated the upper levels of the oil reservoir in an effort to produce the oil without
water. This resulted in water cuts being slightly reduced.

In the 1990°s, the original vertical oil wells were abandoned and replaced by new
horizontal wells. The new wells were drilled horizontally in the upper elevations of the oil
reservoir, to keep the wells away from the encroaching aquifer. The underlying aquifer was
beginning to encroach into the upper levels of the reservoir. When the water level reaches the
horizontal wells, the individual wells will “water out” in a short period of time. As the water level
works its way up to the upper elevations of the reservoir, the production rate could exhibit
declines.

Oil fields completed in limestone formations tend to have higher decline rates than wells
completed in sandstone formations. Limestone tends to have a lot of fractures, which become
super highways for water. The Yibal field in neighboring Oman has the most in common with
Ghawar. This carbonate reservoir also has an active aquifer, with additional water injected into
the lower elevations, in the periphery of the field. When the original vertical wells began
producing excessive water, the wells were abandoned and replaced with horizontal wells.
Engineers were shocked at the steepness of the decline rates and had to substantially reduce the
expected remaining reserves of the field. The annual decline rate from peak production is 22
percent. Within 4 years, 3.2 million bpd of production would be lost from the Ghawar field. This
problem will be replicated in many Saudi fields, and many others in the Arab Gulf area. There
are no new oil fields in Saudi Arabia large enough to replace this production.

The active aquifer complicates the reserves calculation, because the production rates and
pressures have remained constant for decades. This is further complicated by the existence of the
horizontal wells. If the wells were vertical, the increases in the water cuts could be extrapolated
to the point where the well becomes uneconomic. When the water level reaches a horizontal well,
production from that well will “water-out” completely in a short period of time. When the lower
elevation horizontal wells start watering out, the water level will continue to rise and eventually
water out the higher elevation wells. As the water level works its’ way up to the higher elevation
wells, the field will experience production declines. If the production rate begins to decline in 10
years, the remaining reserves for Ghawar would be in the range of 25 billion barrels and not the
70 billion estimated by the International Energy Agency {IEA}.

The dropping value of oil starting 2016 put Saudi Arabia's main spending programs in
jeopardy and a third of the 15 to 24-year-olds in the country went out of work. The Journal of
Petroleum Science and Engineering estimates that Saudi Arabia will experience a peak in its oil
production by 2028, but this may be an underestimation. The Middle East Eye has noted that
experts in the USA who state that Saudi Arabia's net oil exports began to decrease in 2006,
continuing to drop annually by 1.4 percent each year from 2005 to 2015. Citigroup has estimated
that the Saudi Arabian Kingdom may run out of oil to export entirely by 2030. The end of the
Kingdom's cash cow is causing concerns.
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Figure 9. Saudi Arabian Oil fields. Saudi Aramco is injecting a staggering 7 million barrels of
sea water per day back into Ghawar, the world’s largest oilfield, in order to prop up pressure.
About a 55% water cut is reported for Ghawar as large quantities of water are injected into the
reservoir and much of it comes back to the producing wells immediately through the system. It
accounts for 30 percent of Saudi oil reserves and up to 70 percent of daily output. Flattening
conventional petroleum production and increasing consumption. Oil production from crude oil,
shale oil, oil sands and Natural Gas Liquids (NGLs) is forming a plateau region from 2004 to
2011 at 82-84 mmb/d. The higher consumption than production is supplemented by fast-
depleting Liquefied Natural Gas (LNG) resources, subject to the limitation of Energy Return On
Investment (EROI). Source: British Petroleum (BP).

In Saudi Arabia, the Al Ghawar oil field is the largest oil field on Earth, and is responsible
for about 60 percent of the Saudi Arabian production at 5.5 million barrels per day. It extends
over 145 miles in length and 20-25 miles in width at its widest point. The Al Ghawar field
originally produced 2.5 mbpd from about 50 wells. By 2012, Al Ghawar produces about 5 mbpd
from about 10,000 producing wells and about 20,000 injection wells.



Saudi Arabia has less than 45 bbo remaining reserves, and Al Ghawar field has less than
15 bbo, according to a data base of the World's Giant Oil Fields at the American Association of
Petroleum Geologists, and is the total of the 59 oil and gas fields that hold any significant oil.

Decreased pressure, porosity and permeability eventually lead to low recovery rates.
Sandstone reservoirs have 30 percent recovery under primary production, 50 percent under
secondary recovery, and 60 percent under tertiary recovery. Carbonate reservoirs have recoveries
of 15 percent, 25 percent, and 50 percent respectively. Steam flooding helps carbonate reservoirs.
Shales have recovery rates of about 1.5-2.5 percent, 5 percent, and 10 percent, respectively.

Al Ghawar field is meeting 6 percent of the global oil demand, but its production is
decreasing at the rate of 8 percent per year. It was discovered in the early 1950s with reserves of
87 billion barrels of oil. In the 1970s, USA oil companies estimated that there were still 60 billion
barrels left. However, the Al Ghawar field has produced 55 billion barrels, suggesting that there
might not be much oil left. Most of the Al Ghawar production is from its northern part with its
central and southern parts containing lower grade and hard to extract more viscous oil. The Saudi
Arabian Aramco national oil company engineers report that the Al Ghawar’s water content is 30-
50 percent. Oil wells that hold 40 percent of water are considered as declining since the natural
pressure of the reservoir forces the oil to the ground surface, and water is injected into it to keep
the pressure up. Al Ghawar’s decline rate is estimated at 8 percent suggesting a depletion process.
About 10 million barrels of oil are pumped from Al Ghawar per day, along with 3 million barrels
of water per day, undermining the structural integrity of the field. To remedy the situation, 7
million barrels of sea water are injected back into the field per day. The Al Ghawar oil field is
basic to Saudi Arabian oil production. Saudi Arabian oil production in turn supports world
production, which could be on the verge of a decline.

Peak oil theory seems to have proved its validity as it pertains to conventional oil. Initially
sour oil was not used, now a majority of the world's oil is sour. No enhanced oil recovery
techniques were available, now every barrel is wrestled out with secondary recovery methods.

Every Giant oil field in the world; the less than 1percent of total fields that produce 60
percent of world production, is using secondary or tertiary extraction method to keep producing.
Tertiary extraction methods retrieve anywhere from 2 to 20 percent of OOIP the original oil in
place (OOIP). The average is 6 to 7 percent. The Al Ghawar field is using CO> injection, in
conjunction with horizontal wells to extract the last 30 feet of its original 350 foot oil seam. The
Al Ghawar oil field may be 90 percent depleted. This may have been the reason that the $2 trillion
Initial Public Offer (IPO) for the Aramco Company has failed to materialize.

Injection facilities use water, natural gas, CO., fresh water, and water with additives, for
instance in some cases fresh water and polymers.

With the huge amount of capital outflow now leaving the EM it seems likely that world
demand will begin to decline at about the same time production begins to decline. The EM
constitutes 38% of world GDP, and 47% of world trade. They also use a greater amount of oil per
GDP § produced than does the DE. As they continue to fail, as we have seen recently from Turkey
to Venezuela, their petroleum usage will fall. As Shale has a very limited shelf life (now needing
$6.2 trillion over the next five years to keep production even) the US will find itself in the situation
of having to deal with whipsawing oil markets. Its precarious debt situation means that it is going
to be a rough ride down from here.

The Al Ghawar field is surrounded by other untapped smaller fields that soon will have to
be exploited. The situation is that production of this giant field has peaked. To increase its
production, Saudi Arabia tripled the number of oil rigs in use since 2001, but this did not lead to



any increase in production and just helped maintain the present rate of production. It appears that
the ultimate production capacity of Saudi Arabia is 12 million barrels per day. If more water is
pumped into aging oil fields to increase the production further, this would create the risk of
permanent damage to the reservoirs. Matthew Simmons, an oil industry investment banker is
quoted as saying: “If Saudi Arabia has damaged their fields, accidentally or not, by overproducing
them, then we may have already passed Peak Oil.”

The Aramco Company on May 13, 2019 published its first ever profit figures since its
nationalization nearly 40 years earlier. The bond prospectus revealed that Al Ghawar field is able
to pump a maximum of 3.8 million barrels a day, well below the more than 5 million that had
become conventional wisdom in the market. Saudi Arabia relies on a handful of mega-fields to
sustain a 12 million b/d capacity. The Energy Information Administration, listed Ghawar’s
production capacity at 5.8 million barrels a day in 2017. Aramco in 2004 also said the field was
pumping more than 5 million barrels a day, and had been doing so since at least the previous
decade.

In his book “Twilight in the Desert,” banker Matt Simmons argued that Saudi Arabia
would struggle to boost production due to the imminent depletion of Al Ghawar, among other
factors: “Field-by-field production reports disappeared behind a wall of secrecy over two decades
ago,” in reference to Aramco’s nationalization. The prospectus offered no information about why
Ghawar can produce today a quarter less than 15 years ago -- a significant reduction for any oil
field.

The new maximum production rate for Al Ghawar means that the Permian Basin in the
USA, which pumped 4.1 million barrels a day is already the largest oil production basin. The
comparison is not fully valid, as the Al Ghawar is a conventional reservoir, while the Permian
Basin is an unconventional shale formation.

Ghawar, which is about 174 miles long -- or about the distance from New York to
Baltimore -- is so important for Saudi Arabia because the field has “accounted for more than half
of the total cumulative crude oil production in the kingdom,” according to the bond prospectus.
The country has been pumping since the discovery of the Dammam No. 7 well in 1938.

On top of Ghawar, which was found in 1948 by an American geologist, Saudi Arabia
relies heavily on two other mega-fields: Khurais, which was discovered in 1957, and can pump
1.45 million barrels a day, and Safaniyah, found in 1951 and still today the world’s largest
offshore oil field with capacity of 1.3 million barrels a day. In total, Aramco operates 101 oil
fields.

The 470-page bond prospectus in 2019 confirms that Saudi Aramco is able to pump a
maximum of 12 million barrels a day. The kingdom has access to another 500,000 barrels a day
of output capacity in the neutral zone shared with Kuwait. That area isn’t producing anything due
a political dispute. As a policy, Saudi Arabia keeps about 1 million to 2 million barrels a day of
its capacity in reserve, using it only during wars, disruptions elsewhere or unusually strong
demand. Saudi Arabia briefly pumped a record of more than 11 million barrels a day in late 2018.

Al Ghawar has 48.2 billion barrels of oil left, which would last another 34 years at the
maximum rate of production. In total, the kingdom has 226 billion barrels of reserves, enough for
another 52 years of production at the maximum capacity of 12 million barrels a day.

The Saudis told the world that their fields are aging better than expected, with “low
depletion rates of 1 percent to 2 percent per year,” slower than the 5 percent decline some analysts
suspected. About a fifth of the total reserves had been drilled so systematically over a century that
more than 40 percent of their oil has been already extracted.



Mexico

Mexico’s overall oil output fell to just below 3 million barrels per day (bpd) in December
2005, down from almost 3.4 million barrels at the start of the year, the lowest rate of oil output
since 2000. Some experts predict that Cantarell, named after the Mexican fisherman who
complained in the 1970s about its oil seeps fouling his nets 50 miles offshore in 150 feet shallow
water, is the world’s second largest oil field holding about 20 billion barrels of oil. From 1980-
1995 it produced about 1 million barrels per day (bpd). Its output peaked with nitrogen injection
to increase its pressure around 2004 at 2.1 million barrels per day and dropped to 1.74 million
barrels per day in 2007. The Cantarell oil field’s output decreased from 1.74 mbpd in 2007 to 1
mbpd in 2008. The annual decline rate is about 28 percent. The national oil company, Petroleos
Mexicanos or Pemex, might try increase output by 200,000 barrels a day at other fields, leaving
the country with a net decline of 400,000 barrels per day (bpd) by 2007 end and daily exports of
less than 1.4 million barrels. Forecasts from the Mexican government are for 0.52 million bpd
by 2008. Mexico’s proven oil reserves are expected to last only about 10 years as of 2007 at the
current rates of production. Cantarell, in the shallow Gulf waters off the shore of Mexico’s
southern Campeche state, is a prolific giant field that is past its prime. Monthly production peaked
in late 2004 at just over 2.1 million barrels a day and has fallen more than 28.5 percent since then.
Experts agree it has nowhere to go but down. Its proven reserves have tumbled by more than one
third since 2000. Cantarell’s output is declining at a 14 percent per year rate, with a projection
that Mexico will stop being an oil exporter by 2012. Mexico’s oil exports to the USA are expected
to fall from 1.5 million bpd to 0.5 million bpd, with the possibility that Mexico may stop oil export
to satisfy its own demand unless new oil fields are discovered in the deep waters of the Gulf of
Mexico and in the Veracruz state.
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Kuwait

Kuwait has the world’s third largest oil deposit in the Burgan field. Statements that the
field could produce 2 million barrels/day were modified to suggest only 1.7 million barrels/day,
implying an aging deposit.

Russia

In addition, Russia’s surge in production from its aged oil fields has reached its saturation
level. Russia temporarily surpassed Saudi Arabia at 18 percent in 2006 in producing 19 percent
of the world’s oil and gas supplies. It produced 9.23 million barrels of oil per day compared with
Saudi Arabia at 9.19 million barrels per day. The Russian oil output over the period 1995-2005
increased by 50 percent. This resulted from using new technologies for secondary recovery from
aged oil fields. In 2005, the growth stalled, and the Russian oil fields are back declining in
production at a rate of 5-10 percent per year. In 2007, Russia used a research diving submersible
to set its flag two and a half miles below the surface of the Arctic Ocean at the North Pole,
claiming it as territorial waters. What it is eyeing is that with global climatic change, the arctic is
expected to melt from ice into open water making its estimated 20 percent of the world’s
hydrocarbons supplies accessible for exploitation. Other countries including Canada, the USA
and Iceland promptly objected to the action, seeding the seeds of future conflicts.

UK

The UK’s resources in the North Sea are rapidly depleting. Norway’s production from
the North Sea fell from 2.2 million barrels per day 10 years ago to 1.0 million barrels per day.

Iran

Iran’s oil production has peaked and is set to decline. This was foreseen in the 1970s at
the time Shah Reza Pahlawi: “Petroleum is a noble material, much too valuable to burn.” Iran
pursued what its leaders consider as a visionary attempt at introducing nuclear energy as an
eventual replacement to oil, to ensure its energy supplies into the future. In 1975 the National
Security Decision Memorandum 292 was signed between Iran and the USA Secretary of State
Henry Kissinger defining the terms of collaboration between the USA and Iran in the field of
nuclear energy. Dr. Ali Morteza Samsam Bakhtiari a previous senior employee of the National
Iranian Oil Company is quoted to say: “As for Iran, the usually accepted official 132 billion
barrels (reserves) is almost 100 billion barrels over any realistic assay.” Iran was not able to
increase its production of 3-3.5 million barrels per day for lack of infrastructure caused by
sanctions for its nuclear program. A confrontation about it with the USA and Israel was in the
making with 150,000 USA troops in Irag, 50,000 in Afghanistan, and the aircraft carriers USS
Enterprise, and the USS Iwo Jima as naval Expeditionary Strike Groups intermittently deployed
in the Arabian Sea and the Persian Gulf. Rumors abound that air strikes against its nuclear
facilities, infrastructure and manpower are in the advanced planning stages awaiting suitable
circumstances for execution, leading to an unstable situation threatening the world oil supplies as
a consequence.



China

China imports 3.5 million barrels a day. The USA imports 12.2 million barrels per day
for a population that is less than % the size of China’s. China has a challenging task of managing
the production decline underway at Daqing, one of the older giant oil fields in the world. This
field began producing oil in the early 1960s and produced at a rate of 915,000 barrels per day in
2005, below its 1.134 million barrels per day level in 1998. This is pushing China to seek foreign
sources of petroleum such as the acquisition of Petro China of a $2.7 billion 67 percent share in
Petro Kazakhstan in 2006.

Indonesia

Indonesia’s need for energy has turned it from an oil exporter to an importer, and, being
no more an exporter country, is leaving the OPEC organization.

USA

The USA Energy Information Administration (EIA) estimates that global demand for oil
will reach 98 million barrels per day by 2015. Estimates are that the yearly world’s oil use is
growing at the rate of 2 million bpd, whereas oil production is falling every year at the rate of 4
million bpd; necessitating a need for alternative sources of energy to compensate for the
equivalent of 6 million bpd.

7.8 GLOBAL ENERGY USAGE

According to International Energy Agency (IEA) as of October 2004, the world daily oil
supply was 83.4 million barrels exceeding demand at 82.4 million barrels; a comfortable situation.
On the other hand as of October 2006, it was demand at 86.0 million barrels that exceeded supply
at 85.4 million barrels. Energy, as well as food is shared by a growing world population that is
adding 130 million new people per year.

Fossil fuels as coal, oil and natural gas provides 86 percent of the USA’s total energy
supply. Nuclear energy provides 8 percent of total energy but 19 percent of electricity production.
Renewable energy sources are about 3 percent of the total USA energy supply (Table 6).
Interestingly, about 2/3 of the renewable energy is accounted for by the forest companies burning
wood chips to run their lumber mills.

The USA around 2005 depended on oil for 41 percent of its energy production and on coal
for 52 percent of its electricity production. About 37 percent of the energy output is used to
produce electricity, and this figure is expected to rise to 40 percent at the end of the decade. In
2003 the USA produced 3.5 trillion kiloWatt.hours (kW.hrs) of electricity; ahead of any other
economy in the world. The majority of electricity was coal generated at 52 percent, followed by
nuclear energy at 19 percent.

For comparison, France around 1975 used fossil fuels to generate 80 percent of its
electricity. It relied on fission nuclear energy as of 2004 to generate 77.68 percent of its electrical
generation.

At the present rate of consumption, the USA has the equivalent of 250 years of coal
supplies. An increase in the consumption rate would significantly decrease this period. From



2005 to 2007, the worldwide consumption of coal increased by 35 percent. Italy is increasing its
reliance on coal from 14 percent to 33 percent. There is a new coal fired power plant going on
line in India or China almost every week. In early 2007, regulators received 151 coal plants
proposals, of which 60 were scrapped over pollution concerns.

Both coal and oil are fossil fuels that have been stored over millions of years in biological
matter of solar nuclear fusion origin. These fossil fuels are being used at an increasing rate
threatening them with depletion, according to the pessimistic view of the geologists. Not so,
object the optimist economists who suggest that market dynamic forces and demand will create
new supplies through new extraction technologies and replacement with alternative energy
sources.

Table 6. Percent share of energy sources for energy and electricity production, 2005.

Energy production Electrical energy Electrical energy
share production share production share
Resource [percent] [percent] [percent]
USA USA World
Oil 41 3 10
Coal 23 52 39
Natural gas 22 15 15
Hydroelectric 3 9 19
Nuclear 8 19 16
Other 3 2 1
renewables

In a remarkable process of division of labor, geologists and physicists find sources of
energy, engineers develop and use them, and economists and bankers finance and manage them.
Economists like to point out that higher energy prices would create a virtual available supply
through reduced demand and conservation, as well as a real supply through enhanced exploration
and discovery. They argue that regional production may reflect resource scarcity, but global
production is driven by demand, and the declining demand growth since the energy price shocks
in the early 1970s is evidence of greater efficiency and fuel switching, not scarcity. They suggest
that geology is not the driving factor in energy availability, but demand and market forces instead.

The opinions of the economists are countered by the geologists, physicists and engineers
with the suggestion that at some point the laws of economics are challenged by the laws of physics
and nature, particularly in the case of a limited resource as shown in Table 7.

Table 7. Economical and geological perspectives regarding global oil resources.

Economics Geology
“The Stone Age did not end for lack of A global peak in oil production is
stone, and the Oil Age will end long before | predicted.
the world runs out of o0il,” Sheikh Zaki Al




Yamani, Saudi Arabia’s oil minister, The
Economist, “The End of the Oil Age,”
October 23, 2003.

The market system provides incentives to The peaking production, not running out of

expand and redefine resources. the supply, is what matters.

The rate of technological progress will The new discoveries lag production.

exceed the rate of depletion.

Economics, dynamic supply and demand Geological structures and available

rule the process. extraction and production technologies
rule.

An attempt at reconciling the two arguments can be tried by admitting that sustainability
implies that raw materials should be priced as their being depletable and irreplaceable. Since
petroleum, for instance is depletable, it is inconceivable that it would be forever priced at the
marginal cost of producing a marginal barrel from an undepletable oil reservoir of an unlimited
size, as has been the case in the preceding 100 years of petroleum production. Such an approach
would lead to an exponential growth in the consumption rate depleting the resource within a
limited time frame, irrespective of its original size. To assure sustainable production of petroleum
for the petrochemical and fertilizer industries, the real cost should be considered as the
replacement cost and not the marginal cost of production.

7.9 NATURAL GAS RESOURCES
INTRODUCTION

The USA Energy Information Administration (EIA) expects natural gas consumption to
increase more than 20 percent over the next few decades. Natural gas for electric power
generation is expected to rise by more than 60 percent due to its favorable profile as a low
particulate, clean burning fossil fuel. However, the USA domestic production growth over the
last 10 years has come at an annualized rate of under 1 percent. According to Matt Simmons:
“Using natural gas for electricity turned out to be an unbelievably stupid decision. Using
electricity for heat was equally stupid. Natural gas should be refined to one use and one use only,
and that’s creating instantaneous and high-efficiency heat.”

PRODUCTION

The Greeks reported about the “burning springs” of natural gas as far back as 1000 BC
but they did not come up with a commercial use for it.

The Chinese built a natural gas pipeline transport system out of bamboo poles. Chinese
merchants used the gas to heat and evaporate seawater and harvest the valuable salt left behind
for trade. Confucius documented the existence of natural gas aquifers and bamboo pipelines circa
600 BC.

Around 100 AD, the King of Persia used natural gas in his kitchens. Rather than bring
the gas to his stoves, he had his royal kitchens built in close proximity to a gas spring, where the
seepage fueled a continuous hot flame.



By the late 18™ century, the UK was using manufactured gas produced from coal to light
houses and street lights. The city of Baltimore in the USA was one of the first American cities to
be lit this way in 1816. In 1821, the gunsmith William Hart dug the first designated natural gas
well in Fredonia, New York. Hart, regarded by many as the Father of American natural gas, later
founded the Fredonia Gas Light Company.

One of the key commercial developments for natural gas was the Bunsen burner,
conceived by German scientist Robert Bunsen in 1885. Bunsen’s regulated mix of gas and air
offered a convenient way to control the flame, and thus greatly increased the safety and precision
of its use.

In the USA, existing wells are being depleted faster than new wells can be developed.
The average natural gas well in North America is experiencing an accelerated decline rate with
the average well posting a 30 percent production decline rate.

A nearly 50 percent increase in the number of producing natural gas wells has not helped
as the yield per well continues to decline.

Even though the USA still has untapped gas reserves, most of those reserves are politically
restricted, too hard to access or otherwise off limits for various reasons. As with crude oil
refineries, natural gas is an industry in which the politics of Not In My Own Backyard (Nimby)
and Build Absolutely Nothing Anywhere Near Anybody (Banana), sometimes apply.

Alaska has significant quantities of natural gas, but building a pipeline to the lower 48
states would be quite expensive, even though it may become a future necessary alternative.

LIQUEFIED NATURAL GAS, LNG

Most of the world’s natural gas reserves are located far from the major population centers.
When gas is too expensive to transport by pipeline, it is designated as “stranded” natural gas. To
get stranded gas to market is to cryogenically cool it until it reaches a liquid state and transport it
on ships designed to carry LNG.

For decades, LNG has not been cost competitive with oil and coal. But continually rising
oil prices are heightening the sense of urgency to develop a tradable LNG market.

Imported Liquefied Natural Gas (LNG) holds significant potential and meets only 3
percent of the current USA energy needs. LNG demand could more than triple, to 500 million
metric tons a year, in 2030, from 150 million metric tons a year today. About 20 percent of gas
consumed in North America could be imported by then. Building enough LNG terminals poses
a challenge: in the event of an accident, an exploding LNG tanker at a port facility could produce
a fireball intense enough to incinerate a circle of 1/3 of a mile in radius around it. For this reason,
the Exxon oil company plans to build a LNG regasification terminal 20 miles off the coast of New
Jersey.

In 2008 less than 90 million tonnes of natural gas were shipped globally. This is the
equivalent of about 780 million barrels of oil, at less than 10 days of world oil consumption.

Six liquefaction plants would come on line by the end of 2009 to nearly double global
LNG production. The massive Sakhalin II project off the coast of Eastern Russia is supplying
the Japan market. An expansion of a liquefaction plant in Indonesia is underway. QatarGas’
liquefaction facilities in Qatar are bringing an additional 24 million tonnes of LNG on the market,
nearly a 30 percent increase in LNG supply.

Japan relies on LNG for 97 percent of its gas and South Korea relies on it for 100 percent.
Japan consumed 39 percent of the world’s LNG supply in 2006. South Korea came in second, at



16 percent. Both countries have a significant stake in LNG, so they will keep expanding their
LNG regasification and storage infrastructure.

The cost to produce and distribute LNG is so high that to make LNG work in any kind of
financial reality, one needs a 25-30 years guaranteed supply to amortize the cryogenic
liquefaction, transportation and regasification infrastructure. For a spot supply, it must be written
off over 10 years. This will need $40 per million BTU to make the economics meaningful.

An energy penalty exists in the use of LNG in that about 35 percent of the hydrocarbon
energy content gets used up in the process of cryogenically freezing natural gas, transporting it,
and then reheating the liquid into a gas.

NATURAL GAS PROSPECTS

In a testimony to Congress in October 2004, Cambridge Energy Research associates
(CERA) chairperson Daniel Yergin described the natural gas situation in the USA:

“The reason we are in a crisis is not that demand has surged, it is that
supplies are stagnant. In the Lower 49 United States, we have not been able to
increase gas production for a decade.”

“There is strong evidence that simply adding more drilling rigs will not
solve the problem, as it has in previous decades. North American natural gas
productive capacity is not expected to grow meaningfully, and USA gas
productive capacity, like oil, is now in permanent decline.”

“At the same time, North America is set for a large increase in gas demand
to fire electric power plants. In recent years, almost 200,000 megawatts of gas
fired power plants have been installed, equal to one fourth of the country’s total
installed capacity in 2000. With these plants in place, demand for natural gas will
grow steadily as economic growth inevitably pushes their usage higher. With
supplies unable to grow in the near term, power demand is squeezing price
sensitive industrial demand out of the market, with negative consequences for
competition and employment in gas-intensive industries in the USA and Canada.”

CASPIAN SEA GAS RESOURCE

A large new gas deposit located in the Iranian sector of the Caspian Sea has been
identified. The ‘Chalous’ structure is to be developed with the intention of forming a new gas hub
in northern Iran to complement the southern gas hub centered on the massive South Pars field in
the Arabian/Persian Gulf.

The Chalous structure is estimated to hold gas reserves equivalent to a quarter of the
supergiant South Pars gas field, or around 11 of its phases. South Pars has an estimated 14.2
trillion cubic meters (Tcm) of gas reserves in place plus 18 billion barrels of gas condensate and
already accounts for around 40 percent of Iran’s total estimated 33.8 tcm of gas reserves and about
80 percent of its gas production.

The 3,700-square kilometre (sq.km) South Pars site is part of the 9,700-square km basin
shared with Qatar (in the form of the 6,000-square km North Dome) but the Chalous structure lies
squarely within Iran’s sector of the Caspian Sea.



7.10 FIGURES OF MERIT FOR SUSTAINABLE ENERGY SYSTEMS,
ENERGY BREAKEVEN CONDITION

A fundamental insight is that the dynamic which effectively drives the economy, which
usually is regarded as a monetary construct, is thermodynamics. In fact in the final analysis, the
economy is principally an energy system. The critical supply of surplus energy driving the world
economy has been in decline for at least three decades and is expected to decline further unless
new technologies for extracting energy are introduced. The Energy Return on Energy Invested
(EROEI) decline is associated in a non-linear fashion with an increase in the cost of energy as a
percent of Gross domestic Product (GDP).
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Figure 11. The Energy Return on Energy Invested (EROEI) decline is associated with an
increase in the cost of energy as a percent of Gross Domestic Product (GDP).

Three figures of merit are used by economists for the assessment of the sustainability and
viability of energy systems.

In the Return On Investment (ROI) figure of merit, the assessment is performed in
monetary units such as dollars per unit of energy produced and dollars per unit of energy sold.
As an example, if an oil well produces enough oil that could be sold at a price per unit of energy
produced that is sufficient to cover its cost of production, with some profit achieved, then the ROI
is positive. Some oil may cost more to produce than the current price obtained from selling it.
Economists suggest that the production of this oil can only be justified if its price rises sufficiently
so as to exceed its cost of production.

Alternatively, for the Energy Return On Energy Invested (EROEI) figure of merit, the
accounting is performed in terms of energy units. It is also referred to as the EROI for Energy
Return on Invested. Energy is invested in the production of any form of energy or food source.
Energy is required to explore for oil, drill a well, pump the oil, transport it in a pipeline or in
tanker, refine it and then distribute it to the consumers. This energy investment Ein should be

subtracted from the energy output EOut obtained from using the produced oil. The ratio of the
difference between the energy output EOut and energy input Ein is divided into the energy input Ein

to obtain a dimensionless figure of merit. If the difference between E tand E.is positive, the
oul m



EROETI is larger than zero. The production of any energy source becomes unsustainable if the
EROEI value is negative. Oil wells may still be drilled and pumped in this case. This would
require that the produced oil should preferably be used for producing high value-added products
such as fertilizers or petrochemicals, not for direct energy production in transport or heating so as
to make its ROI figure of merit positive.

The figures of merit or criteria for the sustainability of a given energy system could thus
be advanced in terms of economics by the price and costs of a product as:

ROL= Price of product ($) per unit energy - Cost of production (§) per unit energy S0

(1)

Cost of production (§) per unit energy

After all, economist Hyman Minsky said: “Money is not everything. It is the only thing.”
According to Robin Mills, with Manaar Energy and earlier petroleum manager for the Emirates
national oil company in Dubai:

“Generating electricity, usually at a thermal conversion efficiency of less
than 50 percent plus transmission losses, has an EROEI of much less than 1, but is
still rational and economic because electricity is such a useful form of energy.”

From a different perspective, a figure of merit depending on energy inputs and outputs is
the EROEL:

E —-E E AE
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EROEI=

Interestingly, the ROI and EROEI (EROI) are ratios mathematically, so they cannot go
negative, cannot be equal to zero, but could go below unity. One can venture saying a society that
falls into the EROEI equal to unity or less area becomes unsustainable, heading towards
bankruptcy, and eventual societal and economic collapse. It could survive only temporarily
through the creation of virtual debt assets to cover its negative cash flow.

The second relationship implies that the ratio of net energy output to energy input must
be larger than unity, leading to the energy breakeven condition:

E
—>1,0r: E >E,

which also expresses the intuitive simple notion that the energy output EOut must exceed the energy
input Ein.

A third figure of merit can be defined as the Energy Return Per Unit Energy Output
(ERPUEO):
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This implies again the energy breakeven condition:
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which again expresses the breakeven notion that the energy output EOut must exceed the energy
input Ein.

An EROEI of 200 was reported with some oil wells about 50 years ago. Middle Eastern
oil wells have a value of 30. Oil wells in deep water achieve an EROEI of less than 5. Oil as an
energy source would be reaching its unsustainable stage if its ROI, EROEI and ERPUEO become
zero or negative. As President Ronald Reagan asserted: “There is no such thing as a free
lunch.”

For comparison, the EROEI for different sources of energy are reported as: Hydroelectric
40, Photo-Voltaic 10-28, Wind 6-20, Natural gas 6-25, Coal 15-60, and Nuclear 15-60. It is
unsustainable for the USA to use 10 percent of arable land to produce ethanol from corn at a less
than unity return EROEI of 1/1.4 =0.71.

Richard Manning states: “A couple of generations ago we spent a lot less energy drilling,
pumping, and distributing than we do now. In the 1940s we got about 100 barrels of oil back for
every barrel of oil we spent getting it. Today each barrel invested in the process returns only ten,
a calculation that no doubt fails to include the fuel burned by the Hummers and Blackhawks we
use to maintain access to the oil in Iraq.” The corn being diverted into ethanol in the USA could
feed as many as 40 million people worldwide for up to a year.

Driven by government biofuel mandates on oil refineries, USA farmers converted about
1.3 million acres of grassland into corn and soybean fields between 2006-1011. This pasture
destruction lead to higher beef and milk prices, as well as environmental harm including
groundwater contamination by fertilizers and pesticides. Grassland soil captures carbon better
than cropland. If USA farmers are converting these grasslands into conventional crops
production, ethanol production loses its carbon advantage over gasoline.

The EROI value for petroleum and gas production has been declining since the early
1930’s. In 1930, the oil and gas industry could produce 100 barrels of oil for every barrel of
energy cost. By 1970, production fell to a ratio of 30 to 1, and by 2000 it reached at 11 to 1. As
the net energy produced declines, this translates into the incurred costs and subsequently the asked
prices to rise throughout the world’s economy [32-34].

The EROI in 1970 of the USA oil and gas industry being 30 to 1 means that it took the
energy of one barrel of petroleum to produce 30 barrels of petroleum for the market. By 2014 the
EROI ratio is down to 10 to 1. The USA domestic Shale oil industry has a 5 to 1 EROL Oil shale
in the western part of the USA with an estimated resource of over 1 trillion barrels has an EROI
of 1.5-2 to 1 is considered as a nice joke shared among oil geologists and engineers. Pre-
industrial farming methods depending on manual and animal labor provide between 1-10 calories
of energy (food) for every calorie of energy consumed in planting and harvesting suggesting an
EROI of 1 — 10. On the other hand, modern energy intensive food production industry, depending
on chemical fertilizers, herbicides, fungicides, pesticides, and planting and harvesting consumes
a staggering 10-16 calories of energy for every calorie of energy delivered to the market, yielding
an EROI of just 0.10 — 0.625. Scholars pointing out such unsustainability include Professors Kent



Klitgaard of Wells College and Charles Hall of the SUNY College of Environmental Science and
Forestry. They consider this mishandling of resources the “Trojan horse of our times.”

7.11 CANADIAN TAR SANDS SUSTAINABILITY

INTRODUCTION

The Tar Sands in Canada’s wealth was in the background as a reason when its politicians
decided that they did not have to keep gold as a national reserve and sold it out. This is debatable,
but there is no doubt the two are tied together.

The tar sands of Canada, referred to by some as oil sands, are an extensive deposit of oil
rich bitumen located in the northern Alberta province, with extensions into the adjacent province
of Saskatchewan. The tar sands consist of a mixture of crude bitumen, which is a semi solid form
of crude oil, where the hydrocarbons are primarily carbon and less hydrogen that impregnates
rocks that are composed primarily of sand and clay. The bitumen is almost entirely immobile
within the rock matrix, and does not flow into a well bore like conventional crude oil.
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Figure 12. Heavy oil and bitumen resources.



Figure 14. Strip mining of bitumen sands, Alberta, Canada. Source: Suncor Company.

During the geological Pleistocene period, glaciers covered North Alberta in some places
to a depth of 1 mile. During warm up period these glaciers melted forming large dammed lakes
which would eventually collapse sending a large amount of water downstream scouring up the



rock covering lower Cretaceous period oil deposits that have lost their volatile components hence
they are called “bitumen.”

The largest deposit in Alberta is called the Athabasca tar sands. Two other smaller bodies
are known as the Peace River and Cold Lake deposits. These tar sand deposits cover about
140,000 km? or about 54,000 mile?. This is an area about the size of the state of Florida in the
USA. The region is a sparsely populated boreal forest and peat bogs.

The Athabasca tar sands are named after the Athabasca River, which runs through the
heart of the eponymous deposit. The resource base is estimated at 1.4 trillion barrels of bitumen
of which 175 billion barrels are considered as recoverable reserves. This is about 8 times the
USA petroleum reserves. Twenty percent of the recoverable reserves or 35 billion barrels are
within 250 feet near the surface and can be strip mined. Traces of tar and heavy oil have been
found along the riverbanks since ancient times. As the Seneca Indians of Pennsylvania and New
York, who extracted oil from seeps long before Colonel Drake ever set foot in the region, the
Cree and Dene tribes water proofed their canoes bottoms using the Alberta bitumen. The first
record of the tar sands being noted by the early European explorers dates back to 1788. It has the
consistency of peanut butter and flow in warm weather but becomes hard when cold.

Another important oil sands deposit is the Orinoco field in Venezuela which produces a
modest 600,000 barrels per day at a cost of $20 per barrel which is economical but well in excess
of the cost of Saudi Arabian or even Mexican offshore oil. Its importance stems from the size of
its reserves which have been estimated at 1.2—1.8 trillion barrels of oil. At the latter figure, the
Orinoco deposit represents 34 percent of all known world oil reserves, and 58 years of world oil
consumption at the current levels of consumption. Current estimates are that only around 1/5 of
these sands can be economically exploited.

LIQUIDS EXTRACTION FROM TAR SANDS

The Athabasca tar sands deposit is shallow enough to be suitable for surface strip mining.
About 10 percent of the Athabasca tar sands are covered with less than 75 meters or about 250
feet of overburden. The area accessible to strip mining covers about 3,400 km? or about 1,300
mile? north of the city of Fort McMurray. The overburden consists of 1-3 meters or 3-10 feet of
water logged muskeg on top of up to 75 meters or 250 feet of clay and barren sand. The
extractable pay zone is typically 40-60 meters thick or about 200 feet in thickness and lies above
a flat limestone bed.

The first tar sands strip mine was started by the Great Canadian Oil Sands Company later
called Suncor in 1967. The Syncrude mine, among the largest mines in the world, followed in
1978. The Albian Sands mine, operated by the Shell Canada Company, opened in 2003. These
three strip mines are associated with massive handling and processing systems that mine the rock
with giant earth moving equipment and hauling trucks. The mined rock is hauled to a facility that
upgrades the material and converts the otherwise almost unusable bitumen into synthetic crude
oil for shipment to refineries in Canada and the USA. More such mines and facilities are in the
planning stage and coming on line.

Large mechanical shovels scoop large volumes of bitumen sand into big loaders that haul
the rock to a crusher. The crushed rock then goes to a washing bin where the bitumen is washed
off the sand using naphtha. The bitumen is recovered and the naphtha is reused. The sand is
dumped back in the mined pits. The process uses large amounts of water that is recycled about
18 times. It also uses a large amount of energy as natural gas.



DELIVERABILITY ISSUES

David Hughes, a geologist from the Geological Survey of Canada (GSC) describes the tar
sands as: “Great White Hope of a panacea to support business as usual” in the world of increasing
energy consumption based on depleting conventional oil reserves. He suggests that: “Forecasts
do not live up to the hype.”

The figures quoted for reserve and resource calculations, reach as high as 300 billion
barrels of oil equivalent (boe), are comforting, yet meaningless when it comes to offsetting
declines in conventional oil production; the difficulty being in their lack of deliverability.

Tar sands are a complex resource, requiring much time, energy, capital, and other inputs
to achieve deliverability. Even though they constitute a significant hydrocarbon resource, there
is a doubt about whether they are ultimately deliverable as a usable end product, at a total
affordable price. The deliverability of tar sands as a liquid hydrocarbon involves some unresolved
difficult issues.

LEAD TIMES, CAPITAL INVESTMENT

The tar sands are not expected to significantly offset the impending decline in world oil
production, because of the long lead times and massive capital investment required. Even under
the best and most optimistic of scenarios, Canadian tar sands might yield about 3 million barrels
per day (bpd) of product by 2025, or about 2.5 percent of the forecast world demand of 120 million
bpd by the International Energy Agency (IEA).

ENERGY INPUT

Production of liquid oil from the tar sands is an energy intensive process. For 2025 the
energy input will require between 1.6-2.3 billion cubic feet (bcf) of natural gas per day,
approximately equal to the planned maximum capacity of the proposed Mackenzie Valley gas
pipeline of 1.9 bef per day out of northern Canada, or about 1/5 of anticipated daily Canadian gas
production.

Pipelines or otherwise, the energy requirements of the projects planned for tar sands
development already exceed the amount of available natural gas from the entire Mackenzie River
project. Estimates for natural gas usage in tar sands operations by 2015 exceed the projections
for available amounts of natural gas.

Using natural gas for tar sands development creates a political issue for Canada due to its
obligations under the North American Free Trade Agreement (NAFTA). If Canada uses natural
gas for tar sands development, it will have less gas available for export to the USA. Under the
terms of NAFTA, Canada cannot reduce natural gas exports to the USA unless it also reduces
natural gas consumption within Canada. There may be a domestic Canadian political issue
wrapped into the process.

The expansion of Canadian tar sands capacity is limited by the natural gas supply, and
indirectly by the price of natural gas, which will drive the economics of expansion and continued
use of the tar sands resource.



A solution to the natural gas limitation would be to develop non thermal processing
technology or to switch to alternate fuels for the tar sand process heat required. These types of
alternate solutions are not even on the drawing boards, and hence are highly speculative.

Some examples of alternate energy sources are burning the bitumen that is extracted from
the tar sands, or using coal bed methane. Each technique will require its own rather extensive
industrial infrastructure. In addition, these energy sources emit relatively higher levels of
greenhouse gases that natural gas, so Canada will face international criticism, if not other
sanctions, over higher CO2 emissions.

There is a proposal to build nuclear power plants in Alberta to provide process heat or
other required energy input, provided that a source of water for cooling the power plants is
available.

WATER RESOURCES DEPLETION

A limitation on tar sands expansion is that the processing capacity is limited by the
available water supply. Much water is already being recycled using current technology, but
current production techniques require 1-2 barrels of makeup water per barrel of product.

Surface water flows from the Athabasca River, are simply inadequate to meet the forecast
needs. Deeper water from underground aquifers is brackish and must be diluted with fresh water
or otherwise desalted.

Significant amounts of water are currently being discarded into settlement ponds, in which
it may take 200 years for the smallest particles to settle down to the bottom. The water is toxic,
and mixed with high levels of heavy metals. Some of these impoundment ponds cover many
miles in area, and will pose an environmental problem or hazard for many centuries.

DILUENT AND TRANSPORT ISSUES

Assuming that there will be sufficient energy and water to utilize in tar sands operations,
any expansion of bitumen export capacity from Alberta may be limited by projected shortfalls of
a suitable diluent.

Bitumen is thick, heavy, and viscous. It will not flow, and cannot be moved through a
pipeline unless it is diluted with a lighter medium, or diluent. The best types of diluents are
natural gas condensates, but these are becoming rapidly scarce due to the depletion of gas
reserves. The tar sand bitumen needs a 1/3 blend of condensates or a 2 blend of synthetic light
oil to reduce its viscosity and allow it to be pumped through a pipeline.

The Enbridge Company is considering the importation of 150,000-200,000 barrels per day
of condensate or light oil, to re-export it as a diluent in pipeline operations. The projected cost
exceeds $4 billion per year. Without importing a diluent to the Alberta region, it will be necessary
to upgrade the bitumen on site to a synthetic grade and use it for that purpose. This will require
additional capital investment and cost. The pipeline that Enbridge is proposing to construct will
run from the tar sands region to the Pacific Ocean coast and supply the product for export to
overseas markets such as Japan and China

PIPELINE LIMITATION



The existing pipeline system in the Alberta region is inadequate to support the anticipated
exports of bitumen, let alone the possible imports of significant quantities of diluent. Thus, the
region will require a new pipeline capacity of about 1 million barrels per day.

The existing Alberta pipeline system will be at maximum capacity by mid 2008. Proposed
expansions are intended to accommodate product movement, but these expansions will be fully
utilized by 2009-2011. There are no announced plans for pipeline capacity expansion after 2011.
Absent further expansion of the pipeline system, by 2011, there will be a limit of about 3.5 million
barrels per day on product movement. This includes the diluent coming in and product moving
out.

CAPITAL COSTS

Construction and expansion activities in support of tar sands development in Alberta are
competing in a world market for materials, equipment, and human labor. This includes steel and
cement, complex industrial equipment, engineering talent and field labor. Some firms are flying
welders into the region from as far away as Nova Scotia, and there is a serious housing shortage
in the tar sands region.

As with energy development projects in the world, cost overruns in the tar sands region
are dominant. Every major project has seen major cost overruns. Petro Canada has put its Fort
Hills project on hold until 2008 due to cost estimates ballooning to the range of $19 billion, or
over $130,000 per barrel per day of capacity. Shell Canada has also scaled back expansion plans
due to the cost estimates more than doubling.

One alternative to massive build outs of facilities in high cost Alberta, proposed by
EnCana and Conoco Phillips, is to export non upgraded bitumen to the USA, but still at a capital
cost of $35,000 per barrel per day for infrastructure. There are no USA refineries currently
capable of processing this bitumen material; hence the capital cost for the upgrade will have to
be incurred in the USA.

Estimates for capital investment over the next 20 years in tar sands production in the
Alberta region are estimated as 120-220 billion dollars. The trend in cost overruns suggests a
maximum production of 2.5 million bpd of bitumen by 2020, unless much of the bitumen is
exported and the upgrading facilities are built elsewhere. In the latter case, the estimated
maximum bitumen production could be 2.8 million bpd by 2020.

For all of the cost of infrastructure and facilities, the strip mining operations for tar sands
will peak in about 30 years, and play out quite rapidly thereafter because of the anticipated scale
of ongoing operations between now and then. Afterwards, the bulk of oil recovery operations
will be through in situ operations, at a lower efficiency of recovery.

ENERGY BREAKEVEN

The Energy Return On Investment (EROI) for tar sands exploitation is extremely
low, on the order of 5-10 percent. The development is occurring, but the long-term costs
and tradeoffs are questionable. By investing in one form of development with a low EROI,
the North American energy industry is failing to invest in better alternatives such as wind
power and nuclear energy.



DISCUSSION

The critical issues for the development of the Canadian tar sands include large capital
costs, lengthy lead times to build, constraints on natural gas and water supplies, the need for large
volumes of pipeline diluents, Canadian domestic and international politics, and environmental
degradation. Under the best of scenarios, Canada will have 2.5-2.8 million bpd of bitumen
production, certainly not all of which will be available for export to the USA through pipelines
that are not yet built.

Public perception in many energy quarters is that the Canadian tar sands will be fueling
the USA transportation needs. This perception does not match the reality of what is going on out
in the field.

7.12 SUSTAINABILITY OF THE METHANOL TO CORN TO ETHANOL
SYSTEM

INTRODUCTION

A legally required notice at USA gasoline station is: “Product may contain up to 10
percent ethanol.” By mandating ethanol in motor fuel, the USA government has merged the global
food supply with the world’s energy supply. The global population reached the 7 billion mark,
with about 200,000 net new births every day. Across the world, grain consumption is growing by
about 40 million tons per year. Meanwhile, the USA devotes about 40 percent of its annual corn
crop to alcohol for fuel, and in fact devotes more corn to ethanol than to food and/or cattle feed.

In 2012, USA automobile drivers consumed about 133 billion gallons of gasoline, or about
3.17 billion barrels. The 10 percent ethanol requirement translates into about 13.3 billion gallons
of grain alcohol, which is about 317 million barrels.

A supertanker such as an Ultra Large Crude Carrier (ULCC) is 1,000 feet in length, 250
feet in width, with a draft of 40 feet. An ULCC is larger than an aircraft carrier and hauls about 2
million barrels of product. For 3.17 billion barrels of ethanol, a fleet of 1,585 ULCC vessels is
needed. There exist only 175 ULCC tankers in the world. Lined up, 1,585 ULCC tankers would
stretch about 300 miles. For the 317 million barrels of ethanol, 158.5 loads of ULCC vessels are
needed, stretching 30 miles in length.

THE BLEND WALL

The “blend wall” problem arose by 2014 when the annual requirement mandated by the
USA Congress exceeded the amount of ethanol that could be mixed into the conventional blends
of gasoline. Refiners suggest that the suggested E15 blend containing 15 percent ethanol could
damage automobile engines through inducing corrosion. Ethanol makers countered that the oil
industry is fanning false fears to protect its own product.

The Environmental Protection Agency (EPA) in 2013 reduced the 2007 Congressional
mandate requiring refiners to blend 14 billion of ethanol the 10 percent gasoline blend in 2014 to
the 12.7 -13.2 level. The EPA went further in reducing the level of mandated advanced cellulosic
ethanol made from non-corn sources such as grasses to 2.0 — 2.5 billion gallons. Congress had
mandated an unrealistic level of 3.75 billion gallons of advanced fuels in 2014.



RENEWABLE IDENTIFICATION NUMBER, RIN

Every gallon of ethanol has its own unique identity of a 38-digit Renewable Identification
Number (RIN), administered through the Environmental Protection Agency (EPA). Refiners have
to track each gallon of fuel they produce, including the ethanol using the RIN. When the refiners
mix ethanol with gasoline, they have to account for the RIN before shipping the fuel out to the
gasoline stations. Absent a satisfactory RIN evidence, refiners have to pay a fine to the EPA.

This created a market for RIN credits within the refining industry. Refiners buy RIN
credits from ethanol producers and use this as proof that they are complying with the national fuel
laws. The RIN credits have been relatively inexpensive, until recently when they have exploded
in price. From $0.01 in June 2012, they were up to $1.10 as of the first week of March 2013. This
is due to what is called the “blend wall” within the refining industry. There is a mandate from the
EPA for refiners to use more and more ethanol, which requires RIN for each gallon.

Yet, overall motor fuel demand is declining across the country. In 2011, the USA
consumed 133 billion gallons of fuel, down from 140 billion three years earlier. Advanced reasons
are: higher fuel prices at the pump, improved fuel-efficiency in new cars, a lingering recession
and an aging population that drives less.

With less fuel demand, the EPA still mandates larger and larger amounts of ethanol going
into the shrinking volumes of the country’s fuel supply. Thus the RIN credit prices have exploded
in value. There is less and less demand in the marketplace for the fuel that refiners produce.
Refiners cannot put more than 10 percent alcohol into gasoline, because alcohol will damage all
but the specially built engines E-85 and other engines with seals and gaskets optimized for high
percentages of alcohol. One solution for refiners is to export gasoline and reduce volumes inside
the USA, legally avoiding the RIN issue. The other solution for refiners is to pay increasing costs
for RIN credits which get passed along to buyers at the pump, adding $0.10 per gallon of gasoline
in the first quarter of 2013 despite stagnant or declining oil prices.

UNSUSTAINABILITY OF CORN ETHANOL

For the first half of the 20™ century, USA corn yields were limited between 20-30 bushels
per acre. In World War II, the USA government sponsored a crash program to build ammonium
nitrate plants, the output of which went into explosives for munitions. After the war, the
ammonium nitrate plants stayed in business, producing fertilizer for the agricultural markets.
Without large amounts of energy input from mechanization and nitrogen fertilizer, the corn
market would crash. Ethanol, at best is a break-even form of energy. When accounting for all the
energy it takes to grow corn, ethanol is a net energy user, not producer.

In 2011, almost 40 percent of the USA corn crop went into making ethanol fuel, and the
USA still exported more than half of all corn shipments worldwide. Following the 2012 drought,
the spike in USA corn and soybean prices to record highs rationed demand in ways that hurt food
production. What is observed is that a 3 — 4 percent decline in supply lead to a 40 — 50 percent
increase in prices.

The livestock groups in the USA appealed to the Environmental Protection Agency (EPA)
to curb or suspend an ethanol production mandate, warning against the ruinous impact of soaring
feed costs. Corn and soybean meal make up basic animal feed.

HISTORICAL BACKGROUND



Crop prices started to plummet following the 1996 farm bill. The price of corn remained
below the loan rate during the last four years of 1996 farm bill, dragging down other commodities
with it. Corn was priced at $3.25 per bushel in 1995, then $1.97 from 1996 to 2001, despite the
corn planted acreage declining by 3.9 million acres. This required massive government payments
to farmers into the 2001 crop year. With corn prices below the loan rates, the farmers’
organizations and their check-off boards searched for suitable products that could use the surplus
corn.

For a while, ethanol from corn was suggested as a replacement for the tetra-ethyl-lead and
instead of the MTBE oxygenates additives with limited success. Farmers invested in lobbying
their state legislatures to mandate the use of 10 percent ethanol in motor fuels as a way to support
farmers and to move towards energy independence.

Farmers also invested in ethanol cooperatives. For instance, farmers who were receiving
$1.85 per bushel of corn were investing $10,000 in an ethanol cooperative for the right to sell
10,000 bushels of corn to the cooperative at a 2 — 5 cents premium over the current market price.

The USA became involved in two foreign wars, MTBE, a carcinogen, was found leaking
in California ground water, hurricanes hit the petroleum refining facilities in the Gulf of Mexico
shutting down the oil production rigs, and the stage was set for the USA Congress involvement.
The Energy Policy Act of 2005 and the Energy Security Act of 2007 created a federal mandate
for the use of ethanol.

With high oil prices, the price of ethanol also rose and farmers received a good return on
their ethanol cooperatives investments. The profits attracted the attention of Wall Street with
private investors replacing farmers and the ethanol plants under construction rose from 16 in
January of 2005 to 76 in January of 2007.

The USDA projected an increase in the use of corn for ethanol production increasing from
1.6 billion bushels in 2005 to 4.4 billion bushels in 2016. Corn prices went through the roof. The
higher prices caused an over-investment and excess capacity in agriculture by farmers in the USA
and globally, particularly among the USA corn production competitors. As the demand for corn
for ethanol production levelled off with the advent of natural gas production through hydraulic
fracturing or fracking, at the same time as the world productive capacity peaked, an unsustainable
situation was reached whereas prices had only one way to go: down.

CORN ETHANOL BOOM AND BUST MANIA

What drove the corn ethanol boom and bust was a combination of private and public
support to both supply and demand for corn ethanol. This included

1. The USA government supported ethanol demand through a Renewable Fuels Standard (RFS),
blending subsidies, the phase-out of the MTBE additive to gasoline and Research and
Development (R&D) for ethanol research.

2. The USA government also supported the domestic supply of corn ethanol through tax credits
on biofuel facilities construction and the imposition of custom tariffs on imported ethanol.

3. Private industry supported the demand for corn ethanol through the expansion of the
manufacturing of hybrid and flexible fuels vehicles and gas stations as well as the overall growth
of the green technologies investment industry.



4. The supply side was supported by the agricultural industry with a large supply of cheap corn
due to advances in Genetically Modified Organisms (GMOs) and favorable growing conditions
weather. The private equity and investment banking sectors supported supply with large sum of
cheap credit.

The net effect of private and public support was a surge of around 200 ethanol plants
operating in the USA’s Great Plains consuming 30 — 40 percent of its corn production. The price
of corn jumped from $2.37 per bushel average price over the period of 1970 — 2005 to a range of
$ 4 — 7 per bushel. The doubling and tripling of the average price is suggestive of a mini tulip
mania.

The corn ethanol boom mania created demand for 5 billion bushels of corn, most of which
was satisfied from new production. Since it is well known that commodity prices are set by the
marginal demand in the market, this 40 percent new marginal demand drove corn prices to new
heights and raised the entire commodity crop prices since they compete with corn for available
planting acres.

Monetary policy with the Federal Reserve Central Bank issuing currency at the rate of
$85 - 120 billion per month and rescuing the banking system a zero-interest rate policy reduced
the relative value of the USA dollar, which supported higher commodity prices. With the end of
the so-called “Relative Easing” and the instigation of the “Tapering” processes, interest rates start
increasing, the dollar currency value increases and commodity prices, including corn and grains
collapse [35].

According to the USA Constitution, Article I, Section 9: “No Money shall be drawn from
the Treasury, but in Consequence of Appropriation made by Law; and a regular Statement and
Account of the Receipts and Expenditures of all Public Money shall be published from time to
time.” Yet the Appropriations made by Law allowed the Federal Reserve to accumulate $8
trillion, adding $120 billion per month of government bonds to its balance sheet by 2021.

ARBITRAGE WITH PETROLEUM

Since crude oil is converted into gasoline, and corn ethanol is a substitute for it, a direct
positive correlation exists between their prices. This is beneficial to the agricultural sector when
petroleum prices are high, and is detrimental when oil prices fall under the effect of global
recession resulting in a lack of demand, or the introduction of other hydrocarbon temporary
supplies as those arising from hydraulic fracturing or fracking and horizontal drilling in shale
deposits.
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Figure 15. Increased USA field production of crude petroleum resulted in decreased prices.
Source: USA EIA.
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Figure 16. Evolution of petroleum prices. West Texas Intermediate (WTI), Cushing, Oklahoma.
Shaded areas correspond to recession periods. Source: USA Energy Information Administration
(EIA).
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THE METHANOL TO ETHANOL CONVERSION CYCLE

Natural gas as methane CHs is used to produce anhydrous liquid ammonia NH3 necessary
as a nitrogen fertilizer to produce corn in the USA. In a curious twist of events this corn as human
and animal feed is then turned back into alcohol as ethanol or ethyl alcohol C;HsOH. The process
involves an inevitable process of multiplication of the conversion efficiencies, leading to a net



energy loss. The methane CH4 could have been turned directly into a liquid fuel as methanol
CH30H or methyl alcohol making the two extra conversion steps totally unnecessary.

Atthe end 0of 2007, an energy bill was passed in the USA Senate: the Energy Independence
and Security Act of 2007 which expanded the Renewable Fuels Standard (RFS) law. Beginning
with 9 billion gallons of biofuels in 2008, it required ramping it to 36 billion gallons/year of
renewable fuels by the year 2022, with 15 billion gallons/year as corn ethanol. On the other hand,
China started down on the corn ethanol road and ended up banning it. The European Union is
reaching a similar conclusion to be eventually reached in the USA.

Ethanol production in 2008 outstripped demand. The demand was 8.5-9 million gallons
and the industry had 11.5 billion gallons of capacity. The result was many idle plants, unable to
handle their debt loads and filing for bankruptcy. Many postponed their plans for new capacity
such as VeraSun Energy Corporation, Sioux Falls, South Dakota with 1.64 million gallons of
capacity from 16 plants, which did not start up three of its new plants. It was the second largest
ethanol producer after privately held Poet LLC, with 13 percent of USA capacity. VeraSun,
founded in 2001 filed for Chapter 11 bankruptcy protection on October 31, 2008 and provided a
list of more than 4,000 creditors including many of its corn supplier farmers.

Pacific Ethanol Inc., the largest West Coast-based producer and marketer of ethanol, put
its production plants in California, Oregon and Idaho in Chapter 11 bankruptcy in May 2009. The
company’s marketing arm, which buys and sells ethanol, did not file for bankruptcy. Pacific
Ethanol, based in Sacramento, California, said that the volume of ethanol sold fell 24 percent in
the quarter, while the average sales price was down 28 percent. It said in court documents it had
between $50 million and $100 million in assets and between $100 million and $500 million in
liabilities.

Initially, the Federal government provided 51 cents of subsidies per gallon of corn ethanol
to 177 plants with the capacity to produce 11.5 gallons per year, without which the program would
not have taken off. In addition, to protect it from competition with sugar cane ethanol, 54 cents
per gallon tariff was imposed on such imports from Brazil and the Dominican Republic.

The Food, Conservation and Energy Act of 2008 or Farm Bill, includes $1.01 per gallon
credit for cellulosic biofuels produced after December 31, 2008. The credit is paid from a
reduction in the credit for grain ethanol from 51 cents / gallon to 45 cents /gallon.

As of December 2007, the corn ethanol industry production was 7.3 billion gallons/year,
and the existing renewable fuels mandate was 7.5 billion gallons/year.

It takes 1 bushel of corn to make 2.8 gallons of ethanol, thus the ethanol industry in 2007
used 7.3 x 10° /2.8 = 2.6 billion bushels of corn. By the end of 2008, the industry had the capacity
to produce an additional 6 billion bushels of ethanol bringing the total to 6 + 7.3 =13.3 billion
gallons of corn ethanol using 13.3 x 10° / 2.8 = 4.75 billion bushels of corn.

CORN ETHANOL INDUSTRY

The corn ethanol industry, started in 2003, produced 1.5 billion gallons of ethanol in 2014
and has become crucial for the corn farmers and the livestock producers in the USA. About 17.5
Ibs out of the 56 Ibs in each bushel of corn used in producing ethanol is produced as dried
distiller’s grain livestock feed.

Ethanol plants are also recovering corn oil at the back end of the process which is mostly
used to produce biodiesel fuel in addition to the produced ethanol. There is 76,000 BTUs of



energy in each gallon of ethanol, and with the introduction of various new efficiencies into the
process, it is claimed that that it takes 23,000 BTUs to produce it.

In 2003, it took about 3.4 gallons of water to produce 1 gallon of ethanol. By 2014, this
has been reduced to 2.7 gallons. A gallon of ethanol is claimed by the industry to reduce carbon
dioxide emissions by 45 percent compared with gasoline.

The industry faces a hurdle by the Environmental Protection Agency (EPA) in the form
of the Corporate Average Fuel Economy (I) standards which aims at increasing the resulting miles
per gallons and reduce greenhouse emissions. The I standards favor electric and natural gas
vehicles.

The industry continues to optimize the production process and has hopes for the adoption
of higher percentage blends of ethanol in gasoline and on the production of cellulosic ethanol.

PROPERTIES OF ETHANOL

Ethanol or ethyl alcohol CoHsOH as a fuel has a high 113 Octane number, making it
suitable for racing cars to compete at speeds reaching 220 miles per hour. It is manufactured by
fermenting and distilling starch or sugar crops using another form of energy such as natural gas
or coal as an input.

Glucose, a simple sugar is formed by photosynthesis in plant materials using water and
carbon dioxide:

6CO,+ 6H,0 — C,H,,0,+ 60,
As glucose in plant materials is fermented, ethyl alcohol and carbon dioxide are formed:
CH,,0,— 2C,H.OH + 2CO,
In burning ethanol water and carbon dioxide are formed back again:
C,H,OH + 30, 2CO,+ 3H,0

Ethanol has the highest oxygen content of any available fuel, making it burn cleaner than
gasoline, reducing emissions. It is blended with gasoline to make a 10 percent ethanol mixture
designated as E10, and an 85 percent mixture designated as E85.

Using natural gas as a fuel source, a typical corn ethanol fuel plant such as one built by
Liberty Renewable Fuels in Ithaca, Michigan, would produce 110 million gallons of ethanol per
year and 354,000 tons of distillers grain solids, using in the process 40 million bushels of corn.
At 200 bushels per acre of corn this would cover an area of 40x10° / 200 = 2x10° = 200 thousand
acres and providing 46 new jobs. At 6-10 gallons of water per gallon of ethanol, it would also
use 660-1,100 million gallons of aquifer water per year.

ETHANOL’S HISTORY: GASOHOL TO ETHANOL

One hundred years ago, Henry Ford designed his Model T automobile to run on ethanol,
calling it “the fuel of the future.” Earlier on, it was the choice fuel for the first designs of internal



combustion engines. Samuel Morey in the 1820s used an ethanol blend in experimental engines.
Ethanol remained in obscurity for 40 years due to the rise of the steam engine. The internal
combustion engine rose to prominence on the basis of the more efficient design by Nikolaus Otto
from Germany. At this time, gasoline from oil as a cheap fuel supply also came to prominence
and became the preferred fuel for internal combustion engines despite ethanol’s earlier
introduction.

At the time of President Jimmy Carter “ethanol” was referred to as “gasohol.” The
reintroduction of ethanol is passing off an old idea as a new and improved solution to modern
energy problems and we are faced with debates about ethanol’s true energy output and its overall
effectiveness as an alternative to other fuels.

ETHANOL ENERGY BALANCE

An example of both ROI and EROEI accounting pertains to the debate on the use of
ethanol or alcohol derived from corn as transportation fuel in the USA. Some critics voice the
opinion that it bears resemblance to the famous Tulip and the South Seas manias, which were
economical bubbles that eventually burst.

The standard measurement of specific energy for ethanol is 26.8 Mega Joules per kilogram
(MJ/kg). This is less than the energy density of gasoline at 45 MJ/kg, implying that one needs 45
/26.8 =1.67 times as much ethanol by weight to produce the same amount of energy as gasoline.

From a different perspective, ethanol produces only 26.8 / 45 = 0.5955 or 59.6 percent of
energy as a similar mass of gasoline.

The USA demand for corn used to make ethanol, a gasoline additive, was expected to rise
34 percent to a record 2.15 billion bushels in 2007

As of 2007, there were 116 factories producing ethanol in the USA. They have boosted
their annual capacity by 12 percent in 2006, to 5.3 billion gallons. An additional 6 billion gallons
of capacity was added in 2007-2008 as 79 new plants or expansions were completed, pushing
final corn demand from ethanol to 3.8 billion bushels. There were further 200 other plants in the
planning stage.

The USA grew 11.1 billion bushels of corn in 2005. The fraction of the crop consumed
for ethanol production was 12 percent in 2004-2005. It was projected to almost double to 23
percent around 2014-2015.

The marching cry of ethanol promotion has been: “Reducing the dependence on foreign
oil.” What is conveniently ignored is that corn cannot be grown without a substantial input of
nitrogen fertilizer as anhydrous liquid ammonia NH3. The USA imports 64 percent of its nitrogen.
As the USA grows more acres of higher yielding corn to supposedly become more energy
independent, it is becoming more nitrogen dependent instead. Since nitrogen fertilizer is
manufactured from natural gas or methane CH4, what is happening is not reducing hydrocarbons
demand, but merely conveniently shifting it from oil to natural gas.

Advocates of corn ethanol point out that just 1.9 percent of corn is directly used for human
food consumption, whilst 58.7 percent of corn production is used for livestock feed which can be
diverted to fuel production. In addition corn gluten as a product of ethanol production is used as
livestock feed [1]. They suggest that there will be enough corn grown in the USA to satisfy feed,
food and export demand as well as the growing demand for ethanol. They identify as contributing
factors increased corn yield through new hybrids generated from biotechnology, and improved
farming practices efficiently using the nitrogen fertilizer input as anhydrous ammonia
manufactured from natural gas or methane as a feed stock. They suggest that acreage shifts would



occur from soybeans, cotton and wheat to corn, that only the starch in corn is fermented into
alcohol and that the remaining surplus distiller grain solids which contain the corn fiber, proteins
and oil will replace corn feed rations in livestock feed, and that new processing technologies in
ethanol production would increase the yield in gallons per bushel of corn. They point out that
ethanol is produced from yellow field corn and not from sweet corn or white corn which are used
for human consumption [2].

On the other hand, critics point out that about 2/3 of USA grain corn is labeled as
“processed,” meaning it is milled and otherwise refined for food or industrial uses. More than 45
percent of that becomes sugar, specifically high fructose corn sweeteners which is the keystone
ingredient in % of all processed foods, especially soft drinks. Protein being more expensive than
carbohydrates, sugar “trickles down” as a food source and is consumed as an energy source by
the poor working classes in the manufacturing, agricultural and service economies of the world.
In the USA it is suspected of contributing to obesity, heart disease, and shorter life expectancies.

The USA Department of Energy (USDOE) has set a goal that biomass will provide 30
percent of the USA’s transportation fuel by 2030. This is equivalent to 60 billion gallons of fuel
per year. President George W. Bush in a 2006 speech suggested that the USA is “addicted to
foreign oil,” and directed that oil imports from the Middle East be reduced by no less than 75
percent. This translates into a need for producing 45-47 billion gallons of ethanol annually for
transportation and other uses.

The number of corn ethanol plants has doubled since 1999 reaching 101 in mid July 2006
in 19 states with a combined capacity of 4.8 billion gallons of corn fuel ethanol, and with 41 new
or expanded plants under construction. By the end of 2007, the combined capacity reached 7.2
billion gallons. In 2006, 19 percent of the corn produced in the USA was used to produce ethanol
compared with 14 percent in 2004 and 11 percent 4 years earlier. By 2025, 33.3 percent of the
corn or 5.5 billion bushels is expected to be used for ethanol production. The USDOE goal is that
30 percent of the fuel used by motorists would be corn and cellulosic ethanol by 2030.

This follows the 2005 government Renewable Fuels Standard (RFS) of 7.5 billion gallons
of corn ethanol by 2012. It will take longer to implement the standard since new manufacturing
plants rarely produce at their full capacity at startup.

ETHANOL MANUFACTURING
Front end process:

In the front end ethanol production process, whole corn kernels are ground in a hammer
mill and mixed with water to create a mash. It is heated and mixed with enzymes and then cooked.
The mixture is cooled, more enzymes are added, the mixture is mashed and then the mash goes
into a fermenter where the sugars are converted into ethanol or Ethyl alcohol; basically the same
process used for making whiskey and moonshine.

Nine parameters control the process:

1. The screen size for the hammer mill,

2. The process water flow rate,

3. The temperature during the heating process,

4. The temperature during the fermentation process,
5. The residence time,



6. The enzyme input rate,

7. The temperature during the cooling process in the jet cooler,
8. The temperature during the liquefaction process,

9. The residence time during the liquefaction time.

Back end process:

In the back end process, the whole stillage is taken and separated into a wet cake and thin
stillage. Then the stillage is concentrated into a syrup.

The wet cake and syrup are recombined with dry distillers grains and that mixture is dried
in a drum dryer to produce dried distillers grains with solubles.

Three parameters control this process:

1. The flow rate of the centrifuge, which varies the input of the wet cake into the dryer,

2. The temperature of the drum dryer,

3. The addition rate of the syrup also helps maintain a consistent moisture content of the mixture
entering the dryer.

The process yields as waste product consisting of the corn kernels minus the starch
designated as distillers solids. Every 56 pounds bushel of corn results in 17.4 pounds of solids.
These can be used as animal feed or burned as fuel. Another possibility is to spread it on farm
fields to decompose as fertilizer.

Water and energy are needed not just to produce the corn, but also in the ethanol
production process. It takes about 3-5 gallons of water to produce 1 gallon of ethanol, placing a
requirement on the available surface or underground water supplies surrounding an ethanol
manufacturing plant, including the possibility of depletion and of contamination.

A typical plant would have large 500,000 gallons capacity fermentation tanks. Whereas
initially energy is used to heat the mash, the fermentation process needs to be cooled with water
to keep the temperature at an optimal 90 °F.

After fermentation, the mixture is boiled to remove water, then is dehydrated to boost the
alcohol content.

Before leaving the plant, a denaturant toxic material is added to make the alcohol unfit for
drinking as liquor, avoiding the otherwise imposed taxes.

The ethanol cannot be sent through pipelines since it tends to absorb moisture degrading
it and possibly causing corrosion in the piping. Accordingly, trucks and train cars are used to
ship it to the fuel storage terminals where it is blended with gasoline and then distributed to the
gas stations. The most common blends are the 10 percent ethanol or E10, approved for any make
or model of cars used in the USA, and the 85 percent ethanol designated as E85 used in specialized
flexible fuel vehicles.

CORN ETHANOL ENERGY BALANCE

More calories of fossil fuel energy are spent producing corn ethanol than is gained from
it as calorific value when burning it. Nitrogen in the form of anhydrous ammonia NH3 that is
manufactured from natural gas is nowadays used as a source of nitrogen fertilizer necessary to
produce a corn crop. It is a practice dating back to after World War II when cheap ammonia used
in the manufacture of explosives turned into surplus and found an alternate use as a fertilizer.



The early settlers learned from the native Indians to grow corn by burying fish in a mound
of soil, then planting a few corn kernels on top of the mound that would grow using the nitrogen
provided by the decomposing fish.

The USA Department of Agriculture (USDA) suggests that a gallon and a quart of corn
ethanol is produced for every gallon of fossil fuel invested. The USDA asserts that this is a
bargain, because gasohol is a “clean fuel.” This claim of cleanliness is in dispute, pointing out to
the hypoxia dead zone in the Gulf of Mexico caused by nitrogen fertilizer leaching, and
phosphorus from soil erosion, topsoil depletion, herbicides and insecticide pollution, and the haze
of greenhouse gases gathering over every city and farm field at planting, cultivation, land and air
spraying and harvest time. This claim does not cover another counter argument that the Sport
Utility Vehicles (SUVs) on the highways demand for fuel competes with the world poor’s demand
for food grain.

Cornell College of Agriculture and Life Sciences’ Professor David Pimentel chaired a
USA Department of Energy panel that investigated the energetic, economic and environmental
aspects of ethanol production. He led a detailed analysis of the corn to ethanol fuel process. His
findings were published in September 2001 in the Encyclopedia of Physical Sciences and
Technology.

According to Pimentel, a single acre of USA corn yields about 7,110 lbs of corn for
processing into 328 gallons of ethanol. However, planting, growing and harvesting this corn
requires about 140 gallons of fossil fuel and costs about $347 per acre in 2001. Thus, even before
corn was converted to ethanol, the feedstock cost about 347/328 = 1.05 $/gallon of ethanol.

At the processing plant, where the grain is crushed then fermented to produce alcohol,
three distillation steps are needed to separate the 8 percent ethanol from the 92 percent water.
Additional treatment and energy are required to produce the 99.8 percent pure ethanol for mixing
with gasoline.

Adding up the energy costs of corn production and its conversion to ethanol, E = 131,000

British Thermal Units (BTUs) of energy are needed to make 1 gallon of corn ethanol. One gallon
of corn ethanol has an energy content of Eout= 77,000 BTUs. When 1 gallon of corn ethanol is

manufactured, there results a net energy deficit of:

Ein— EOut =131,000-77,000 = 54,000 BTUs.

This suggests that the energy return on energy invested figure of merit for sustainability,
EROEI from Eqn. 2 is:

Eout — Ein

EROEI=
77,000~ 131,000
131,000
S a1 =—a122%
131

which is a negative return on the invested energy of 41 percent.
From another perspective considering the ERPUEO figure of merit from Eqn. 3 is:



ERPUEO= —Ewltz_ Ey

out

_77,000-131,000
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= 07013227013 %
77

or that 70 percent more energy is required to produce a gallon of corn ethanol than the energy
content obtainable from burning the produced ethanol. Converting corn into ethanol thus requires
the use of 70 percent of the energy that comes from the corn ethanol itself.

Other crops do not fare better from that perspective. The investment banking company
Goldman Sachs, using data from the USA Department of Agriculture (USDA) reports similar
energy deficits from different biofuel options.

Table 8. Energy deficit from biofuel options.

Energy deficit

Source ERPUOE

[percent]
Sugar cane -10
Cellulose -25
Soybeans -37
Rapeseed -40
Corn -70
Wheat -90

The shipping energy cost of ethanol is not even accounted for here. Ethanol is difficult to
transport in pipelines as alcohol can absorb water, so much of it has to be trucked or sent by rail
to the gasoline blenders.

From a monetary perspective, ethanol from corn costs about 1.74 $/gallon to produce,
compared with about 0.95 $/gallon to produce gasoline in 2001. In fact fossil fuels, not ethanol,
are used to produce corn in planting, harvesting and chemicals spraying, equipment fuel, and the
manufacture of fertilizers, herbicides and insecticides. Growers and processors cannot afford to
burn ethanol for long to produce ethanol without going bankrupt. USA drivers could not afford
it either without government subsidies that artificially lower the price. Approximately $1 billion
a year in federal and state governments’ subsidies were allocated primarily to large corporations,
such as the commodity giant Archer Daniel Midland (ADM) company in Decatur, Illinois, and
some farmer cooperatives. The stock price of ADM was up more than 37 percent in 2006 being
the producer of 29 percent of the USA’s ethanol, while the next largest player had less than a 5
percent share. ADM was benefiting from the shift of the USA to feed and power itself with what
it grows on its agricultural land.

TRANSPORTATION ISSUES



There exists no convenient method of transporting ethanol derivatives through the USA
pipeline system due do their corrosive effect and their propensity to absorb water from the
atmosphere. Special train and truck tankers are being used to the gasoline and ethanol blending
stations. These blending stations are concentrated in the Northern Midwest.

Automotive tests indicated that ethanol blended gasoline provides only 75 percent of the
productivity of pure gasoline necessitating the handling and transportation of larger volume of
fuel.

With ever increasing mandates, every ear of corn planted would have to be unrealistically
committed to ethanol production by 2017. The $6 billion in subsidies expended by federal and
state agencies in 2006 will increase following the increasing mandates.

ECONOMIC CONSEQUENCES OF SUBSIDIES

Mark J. Perry, an economics and finance professor at the University of Michigan, Flint,
claims that corn ethanol cannot be justified on a scientific or economic basis. The only reason
the industry has survived and barely profited was the very generous subsidies the government has
given to corn farmers and corn ethanol producers with $5.5 billion annually and more than 200
ethanol tax breaks and subsidies. Ethanol is produced by mixing corn with USA tax dollars.
According to Perry: “In the headlong rush to replace gasoline with corn ethanol, America is doing
itself real economic harm.” He suggests that the ethanol push will not only increase taxes and
damage the environment, but will add to America’s burden of high fuel and food costs, especially
hurting people on fixed incomes.

He asserts that: “And it will do next to nothing to reduce the dependence on foreign oil.
All of the ethanol produced this year (2007) will replace less than 5 perent of the gasoline sold.”
He contends that food costs escalated by $47/person, according to an lowa State study. The price
of milk jumped by 40 cents/gallon and 60 cents/Ib of cheese.

Plans under a Lugar-Harkin, USA senators, measure exist to raise the ethanol production
to 60 billion gallons by 2030 costing $205 billion over 25 years. The ethanol subsidies are
proposed to be extended through 2022, costing taxpayers an estimated $131 billion, according to
the Tax Foundation.

Since ethanol contains about 1/3 less energy than gasoline, a motorist must purchase 1/3
more fuel to travel the same distance.

EFFECT ON PRODUCTION INPUTS AND FOOD PRICES

The world may have reached the peak for grain production. World farmland planted with
grain has declined since 1980, mostly due to environmental factors such as soil erosion, water
logging and salinization of irrigated land, air pollution as well as water shortages.

The world may also be running out of crop varieties and has pushed the usefulness of
fertilizer as far as possible. The world grain output has been holding flat at around 1.6 billion
tons and may begin to fall.

On October 26, 2007, the United Nations’ expert on the right to food, Jean Ziegler asked
for a five year moratorium on the production of biofuels. She called the use of food crops for fuel
a “crime against humanity” saying that it causes food shortages and price jumps that cause
millions of people to go hungry. Her reasoning for the moratorium is that within five years,
research in using agricultural byproducts and waste for fuel production would be viable.



Italian consumer groups in 2007 called for Italians not to purchase pasta for one day as a
protest over the increasing price of pasta by 20 percent, of which durum wheat as a grain cereal
is an ingredient. High pasta prices sparked street protests in Milan, Italy. The causes were
historically low levels of reserve grain stocks in Asia, North America and Europe. In the
European Union the reserve grain stocks dramatically dropped from 14 million tons to just one
million tons in 2006, trying to meet the shortages. Global prices for durum wheat have spiked to
more than $350 per ton. Wheat producers in France, where wheat stocks were at their lowest
levels in 20 years, said that wheat prices there have gone up 40 percent in a matter of weeks.
Since pasta has only two ingredients: durum wheat and water, pasta producers are in a bind. In
the USA, in 2007 grain stocks were at their lowest level in 38 years. An increased pressure on
these stocks existed as more cereal and grain crops were used for biofuels such as ethanol.

In January of 2008, 10,000 people demonstrated in Jakarta, Indonesia to protest high
soybeans prices. The Senegalese protested the price of rice and Indians protested the price of
onions. Food price inflation globally and the prospect of mobs of angry and hungry people
rampaging in the streets caused Argentina, China, Egypt, Venezuela and Russia to impose
unsustainable controls on food prices to contain possible public backlashes.

Three billion people, many of them with very marginal incomes, eat rice every day. The
price of rice rose 50 percent in April of 2008, causing Thailand farmers to sleep in their fields to
protect their harvests, while the Philippine farmers posted armed guards at their granaries.
Vietnam, India, Kazakhstan, Mm and China restricted rice exports or banned them altogether.

In Argentina, the government imposed a 49 percent windfall tax on foreign sales of corn
and soybeans to lower the prices for Argentine consumers and raise money for the government
coffers. The gauchos farmers considered it as an unfair measure, went on strike, and blockaded
the roads into Buenos Aires with their tractors and farm equipment and threatened to starve the
city.

Figure 19. Lines for purchasing government-subsidized flat loaves of bread (Eish Baladi) at
bakeries, Cairo, Egypt, 2008.



Figure 20. “We want bread” protest in the USA during the Great Depression, 1939. Masked job
seekers under the Covid-19 pandemic.

The UK’s Financial Times newspaper had a front page story titled: “Fears grow over rice
crisis.”  WorldNet Daily reported: “Silent famine sweeps the globe.” The head of the
International Monetary Fund (IMF) Dominique Strauss-Kahn suggested: “Thirty three nations
face ‘unrest’ because of food shortages. Thousands, hundreds of thousands of people will be
starving. Children will be suffering from malnutrition, with consequences for all their lives.”

In January 2007, tens of thousands of people marched through the streets of Mexico City
to protest a 400 percent increase in the price of tortillas. Earlier in February 2007, Mexico’s



president, Felipe Calderon signed a pact with a number of business groups committing them to
cap the price of tortillas at 8.5 pesos or 77 USA cents per kilogram, but many have chosen to
ignore the agreement, which is not legally binding. Mexico used to get cheap corn imports from
the USA, but, as corn ethanol became all the rage in the USA as a transportation fuel, the price of
corn kept going up, making this staple practically unattainable to Mexico’s poorest people.
Mexican corn was being sold to American ethanol distillers rather than Mexican corn meal
millers, who could not match their bids.

The American Farm Bureau Federation reported in April 2007: “Easter eggs will cost
USA consumers about 25 percent more than last year,” as “The average USA retail price for a
dozen large eggs was $1.51 in the first quarter, 43 cents more than a year earlier.” The explanation
offered for this increase in the price of eggs was that: “The increase stemmed mostly from higher
corn and soybean prices,” which were used in the production of chickens, as “ethanol demand
drives up feed prices.” Similar increases occurred in other staples such as milk, poultry, meat and
even breakfast cereal.

China discouraged corn based ethanol development because of food security concerns, as
corn is a staple food for people and livestock. Officials changed the permit process for new grain
processing plants to slow the rising demand from that sector, particularly biofuel plants.

In April 2008, because of its rising price, wheat imports comprised fully 1 percent of
Egypt’s entire Gross Domestic Product (GDP). Ordinary Egyptians waited in line for bread for
three times per day because of an imposed maximum limit of twenty loaves per person for each
purchase. Fights have broken out in those lines with seven people killed.

With food stamps the symbol of poverty in the USA, a record 28 million Americans in
2008 were relying on them to survive. Since January 2005 the average price of a loaf of bread in
the USA increased by 32 percent. The USA Department of Agriculture reported that USA retail
food prices rose 4 percent from 2007 to 2008, the largest jump in 17 years. Restaurant owners
faced wholesale price increases of 7.4 percent, the biggest jump in nearly three decades. The
Market Basket Survey, conducted by the American Farm Bureau Federation, said that a basket of
food staples such as bread, milk, eggs and meat cost $3.50, or 8.9 percent more in 2008 than in
2007. Both a five pound bag of flour and a dozen eggs were up over 40 percent in from January
2007 to January 2008.

Robert Zoellick from the World Bank in Washington D.C. was reported to have said:
“Thirty three countries around the world face potential social unrest because of the acute hike in
food and energy prices. Since 2005, the prices of staples have jumped 80 percent.” Rice, the
staple food for half the world, doubled in price from a year earlier, with a five-fold increase from
2001. Over an eight years period, the price of food world-wide has increased 75 percent with
particularly the price of wheat going up a dramatic 200 percent.

In the USA meat and dairy prices in 2007 increased since the summer of 2006. The Labor
Department in USA reported that ground beef increased by 6.7 percent, chicken breasts by 6.9
percent and whole milk by a notable 26 percent.

The situation is not likely to turn around any time soon. In a report released by the UN
Food and Agriculture Organization (FAO), the authors pointed to biofuels as one of a host of
factors, including population growth and steadily growing economies in the developing world,
driving global consumption to outstrip grain production for the next 10 years. According to the
FAO report: “Production of renewable energy in general, and biofuels in particular, has risen to
the top of policy agendas in many countries and has become a major issue for markets.” The



FAO expected the use of wheat for biofuels production in Europe will increase twelvefold by
2016.

The biofuels boom has a cascading effect across the dinner table. As manufacturers turn
more and more grain into ethanol, the resulting higher grain prices meant increases in everything
from the spaghetti to the meat sauce as grain used for animal feed gets more expensive.

Mexican consumers in January 2007 were hit with a tortilla crisis, as grain prices doubled
and tripled the cost of tortillas and caused riots in some places.

Beer prices in Germany ticked upwards in May 2007 partially due to the increased
production of biofuels.

Subsidized corn resulted in higher prices which is a desirable feature for corn farmers and
a well-deserved reward for their effort in feeding the world. However, it leads to artificially
higher prices for meat, milk, eggs, cereals food, corn syrup, etc. since about 70 percent of corn
grain is fed to livestock and poultry in the USA.

Full implementation of the existing and proposed supports for the corn ethanol industry
could boost grain costs by $34 billion/year and cost each family of four in the USA $460/year in
higher food costs. Poultry feed costs have risen more than 40 percent in a year. The
environmentalist organization Food and Water Watch (FWW) noted that USA food prices rose
6.2 percent during the first half of 2007. The American Meat Institute, National Chicken Council,
and National Turkey Federation have argued that the corn ethanol industry no longer needs federal
price supports.

An increase in the milk price was attributed to the increased cost of cattle feed. The
increase in the price of cereals was astutely achieved by decreasing the volume of boxes of
breakfast cereals by one third while keeping the price constant. Popcorn prices increases were
attributed to an increase of 65 percent in contract costs, the largest increase in 30 years, to grow
popcorn because of the competition with regular yellow corn. Even the price of pizza was
increased by 5 percent because of the increased cost of raw materials, including corn, as well as
energy, health care and transportation.

In addition to paying tax dollars for the ethanol subsidies, consumers in general, including
the farmers themselves were paying significantly higher food prices in the market place. The
increased prices also affected the competitiveness of agricultural products for exports as well as
domestic consumption.

The price of farmland increased, accelerating the sale of small farms to large corporate
entities, and further reducing the 1.5 percent of the USA population involved in farming, the
lowest percentage in the world.

In the fall of 2007, the fall fertilizers prices also increased. Anhydrous ammonia reached
$500 per ton, and di-ammonium phosphate (dap) $74 per 400 Ibs. This adds up to about $100
per acre on corn following soybeans which provide their own nitrogen credit. With the rising
expenses, corn at $6 per bushel became no better for the grower farmers than the $2 per bushel
corn it was.

The corn ethanol industry has become in fact a convenient scapegoat for corporate
America to justify price increases and inflate profits.

With federal and state government subsidies, the corn ethanol business became highly
profitable, that is until a shakeout would occur and the bubble bursts. The price of corn would
have to rise from $2/bushel to $8.30/bushel before an ethanol plant would start losing money.

DILUTION AND INFLATION



The concept of “dilution” is familiar in the corporate world, when it comes to the paper
instrument known as “stock.” When a corporation prints more stock, all other things being equal,
it dilutes its share structure, and all shares decrease in value.

The concept of dilution has its counterpart in the paper instrument known as “currency”.
When a government represented by its central bank, creates more currency, all existing currency
loses value. The process, although identical, is given a different name: “inflation.”

Newly injected money into the economy by central banks can be expected to not only
push up consumer goods prices, but also drive up asset prices. And like rising consumer prices,
rising asset prices diminish the purchasing power of money.

Asset price inflation destroys the purchasing power of money in the same way that price
inflation of consumer goods does. If the price of some item rises from $100 to $200, the
purchasing power of the money unit would drop by 50 percent. The owner of the item becomes
richer, while the holder of the dollar as a currency become poorer.

CHAINED INFLATION

The chained Consumer Price Index CPI is a way of measuring CPI that understates
inflation’s effects on the standard of living. The Chained CPI increases the inflation tax which
may be the worst of all taxes because it is hidden and regressive. The inflation tax is not even a
tax on real wages but rather a tax on the illusionary gains in income caused by inflation itself. The
use of chained CPI to adjust tax brackets is designed to push individuals into higher tax brackets
over time. That invalidates the promise of a middle-class tax cut. When looking past the illusion
conjured up to garner public support, one only obtains nothing except further ballooning of debt.

THE EXPORT OF INFLATION TO THE WORLD
Economist Milton Friedman noted:

“Inflation is always and everywhere a monetary phenomenon in the sense that it is and
can be produced only by a more rapid increase in the quantity of money than in output.”

He was not a gold standard or hard money proponent. He hoped that the monetary
authorities would act responsibly.

Peter Schiff describes the process of the export of inflation from the USA to other parts
of the world as follows:

“Over the course of my career, I have witnessed the government
dramatically change the way it calculates inflation, GDP, and other statistics.
While Washington’s latest figures show a year-over-year CPI increase of just 1.2
%, the private service Shadow Stats, which recalculates the data along the lines
that the government used to, finds that real consumer inflation is closer to 9%.

My guess is the true number lies somewhere in between, but that it would
be much higher were the US not able to export much of its inflation abroad. The
process works as follows: the Fed prints money (inflation) and uses it to buy
Treasuries and mortgages. The government and banks, in turn, pass much of that



money to consumers, who spend it on imported goods. The money then flows to
foreign manufacturers of those products, who then sell it to their own central
banks, who print their own currencies (inflation) to buy it. This money goes out
to pay wages, rents, etc., which the recipients then spend on goods & services.
Finally, the foreign central banks use the dollars they buy to purchase US
Treasuries and mortgages, starting the cycle again.

It’s a complicated relationship, but the end result is that inflation created
in the US ultimately bids up consumer prices abroad and Treasury prices at home.
In other words, our trading partners have to pay much more for goods & services
while Americans get to borrow limitless money for next to nothing. The products
our trading partners “sell” us increase the supply of goods available to American
consumers while simultaneously decreasing the supply available to everyone
else. That is what I mean by “exporting inflation,” and the important thing to
remember is that its result is to mask inflation at home and transfer wealth from
emerging markets to the US.”

ENVIRONMENTAL EFFECTS, MARGINAL LAND USE

Some economic analyses of corn to ethanol production overlook the cost of environmental
damage. On average, it takes 5.5 gallons of fossil energy to restore a year’s worth of lost fertility
to an acre of eroded land. David Pimentel estimates that this adds another 0.23 $/gallon to the
cost of ethanol for a total of 1.74 + 0. 23 = 1.97 $/gallon, which is about 1.97/0.95 = 2.07; or
about twice the cost of producing gasoline in 2001. Corn production in the USA erodes soil about
12 times faster than the soil can be replenished. Moreover, irrigating corn mines ground water
25 percent faster than its natural recharge rate. It takes 3-6 gallons of water to process 1 gallon
of corn ethanol. The environmental system in which corn is produced is being depleted both in
terms of soil and water supply.

An average USA automobile would travel 10,000 miles a year. If it were to use pure
ethanol, not the 85/15 ethanol/gasoline or gasohol mixture, it would need about 852 gallons of
the corn based ethanol. This would require 11 acres to grow the corn, which is the same area of
cropland required to feed 7 persons in the USA. If all the automobiles in the USA were fueled
with 100 percent ethanol, a total of about 97 percent of the USA land area would be needed to
grow the corn feedstock. Corn would have to cover nearly the total land area of the USA.

A July 2006 University of Minnesota study estimated that corn based ethanol could meet
at most 12 percent of the USA fuel needs, even tapping every acre of domestic corn, and argues
that the use of grain for fuel jeopardizes the existing grain and meat fuel supplies.

Increases in government subsidies to corn based ethanol fuel or in the price of petroleum
cannot overcome the fundamental thermodynamic input yield dilemma: It takes more energy to
produce ethanol from grain than what the combustion of ethanol produces. According to David
Pimentel: “Abusing our precious croplands to grow corn for an energy inefficient process that
yields low grade automobile fuel amounts to unsustainable, subsidized food burning.” Corn
cannot be considered a renewable resource for ethanol energy production if human food is being
converted into the produced ethanol. This provides an example of an unsustainable energy
system.

Nevertheless, domestic ethanol production in the USA reached 4.3 billion gallons/year
and accounted for 14 percent of corn usage in 2005. It is expected to use about 22 percent of the



corn production in 2010. In 2005, 95 ethanol plants were in operation producing 4.3 billion
gallons/year of ethanol, 14 began operation, and 10 were expanded. As of 2006, there were 35
refineries under construction, which were to boost production another 2 billion gallons/year. The
passage of the renewable fuels standard as a part of the 2005 USA national energy policy was
expected to nearly double ethanol production from 4.3 billion gallons/year to 7.5 billion
gallons/year in 2012.

Richard McGuire, formerly a commissioner of agriculture for the State of New York
pointed out to the effect of using less productive land for corn ethanol production. Presently
grown corn uses the best available land resources that average 150 bushels per acre. If it takes
0.75 gallons of oil equivalent to produce 1 gallon of ethanol, the situation will be different for
new land put into corn. If we consider that such land produces 120-130 bushels of corn per acre,
the energy to produce it will increase. In this case, the ratio will be reversed 1 gallon of oil
equivalent energy will produce only 0.8 gallons of ethanol.

INDIRECT LAND USE CHANGE CONCEPT

The concept of “indirect land-use change” means that if one takes a field of grain and
switch the crop to biofuel, somebody, somewhere, will go hungry unless those missing metric
tonnes of grain are grown elsewhere.

The crops to make up the shortfall could come from anywhere, and economics often
dictate that will be in tropical zones, encouraging farmers to hack out new land from fertile forests.

Burning forests to clear that land can pump vast quantities of climate-warming emissions
into the atmosphere, enough to cancel out any of the benefits the biofuels were meant to bring.

European plans to promote biofuels would drive farmers to convert 69,000 km?, an area
the size of the Republic of Ireland, of wild land into fields and plantations, depriving the poor of
food and accelerating climate change. The indirect effects of the European Union’s biofuel
strategy of getting 10 percent of transport fuel from renewable sources by 2020, 90 percent of
which would come from food crops, will generate an extra 27 to 56 million metric tonnes of
greenhouse gas emissions per year. That would be the equivalent of putting another 26 million
cars on Europe’s roads, according to a report compiled by 9 European environmental groups:
ActionAid, Birdlife International, Client Earth, European Environment Bureau, FERN, Friends
of the Earth Europe, Greenpeace, Transport and Environment, and Wetlands International.

SMOG EFFECTS OF ETHANOL

Mark Jacobson, a civil and environmental engineering professor from Stanford University
and a top atmospheric chemist, suggests in a study published in the journal: Environmental
Science and Technology, that switching from gasoline to an ethanol fuel blend by 2020; which is
heralded as a green alternative, may create dirtier air resulting in higher levels of smog formation.
He contends that the use of ethanol cannot be based on health grounds since it is slightly worse
from that perspective than gasoline.

About 4,700 people in the USA die per year from respiratory problems caused by ozone,
the unseen component of smog together with small particles. Ethanol would raise the ozone levels
particularly in some areas of the country where smog is already a serious problem such as the
Northeast and the Los Angeles areas.



Interestingly, smog will be reduced in the Southwest because of the unique blend of
chemicals in the air and the heavy vegetation. Part of the explanation is that ethanol produces
more hydrocarbons than gasoline, and ozone is the product of hydrocarbons and nitrogen oxide
cooking in the sun.

The ethanol also produces longer lasting chemicals that eventually turn into hydrocarbons
that can travel farther, spreading pollution over a larger area.

In addition, whilst ethanol produces less nitrogen oxide; that can actually be a negative in
some very smoggy places like Los Angeles since when such an area reaches a certain high level
of nitrogen oxide, a well-known effect occurs where the excess chemical begins eating up the
spare ozone.

The Environmental protection Agency estimated a 1 percent increase in the smog levels
if gasoline consumption is reduced by 20 percent over a 10 years period and replaced by
alternative fuels; mainly ethanol.

WET AND DRY DISTILLER GRAIN SOLUBLES (DDGS)

Distiller’s grain as a byproduct of ethanol production can be used as a livestock feed; but
it possesses some drawbacks. It is usually delivered wet, and transporting wet products is
difficult. Wet distillers do not store well in the summer. It is hard to maintain high quality feed
unless they are delivered and immediately fed. Feed yards close to the ethanol plant would be
the most likely to efficiently use it. It has a short shelf life; especially during hot spring and
summer days. The wet grain must be used within days and it is not economical to dry it. Efforts
at pelletizing it for long distance shipping is underway.

A mountain of distillers grain is piling out in the corn belt. For every 120 bushels of corn
distilled into ethanol, 1 ton of dry distiller is left behind, with 25 million tons produced in 2007.
Wet distiller grain has been selling at $40/ton with 35 % dry matter amounting to $40 / 0.35 =
$114.29/ton of dry matter. This would compare well with $3.40/bushel corn at 15 % moisture or
85 % dry matter, corresponding to $142.86/ton of dry corn matter.

The sulfur content of DDGS ranges over 0.3-0.9 percent. Diets containing up to 0.38
percent sulfur can be fed to pigs without affecting palatability or growth performance.
Polioencephalomalacia, or sulfur induced polio toxicity is a main health issue when using distiller
grain as animal feed. The total dietary sulfur intake must be considered, including the sulfate
value of drinking water. The National Research Council recommends 0.4 ppm total dietary sulfur
intake. The distiller byproduct portion of the diet can be as high as 0.8 ppm, with some producers
feeding higher amounts. Feeding 150-200 mg/day of thiamine per animal helps in controlling the
problem. Thiamine is injected intravenously in case of polio.

About 30 percent of the energy cost of an ethanol plant is used for drying the Dry Distiller
Grain Solubles (DDGS) since wet distiller grains have a very short life span for storage. These
DDGS must be either used as animal feed or burnt as a fuel, possibly providing energy to the
ethanol production process itself. It may be possible in the future to separate the germ, where the
protein and oil is, ahead of the fermentation process. The distiller grain solids will no longer have
a nutritional value becoming a fiber feed without the protein and fat.

The debate is expanded with a 2006 study at the University of California at Berkeley
authored by Alex Farrell. It took into account ethanol byproducts such as the DDGS as ruminant
animal feed because of its high fiber content, and corn oil, which would displace other products



that require energy to make. The study ignored the water and soil depletion facets, and concluded
that there exists a 20 percent energy gain in the use of ethanol.

According to Vijay Singh at the University of Illinois Department of Agricultural and
Biological Engineering, each bushel of corn going through a dry grind facility, 2.5-2.7 gallons of
ethanol and 15-17 Ibs of DDGS are produced. These DDGS are used as: 46 percent as dairy cattle
feed, 39 percent as beef cattle feed, 11 percent to swine, and 4 percent as poultry feed. Since the
beef and dairy industries are not growing at the same rate as the ethanol industry, a surplus is
accumulating and the price of the DDGS is coming down to a level equal to or lower than the
price of corn. Thus 1/3 of the corn goes through the dry grind process and exits at the back end
without value addition at a price equal to or lower than the price of corn. For poultry and swine
producers in the USA Midwest, the shipping cost is about $6/ton. When shipped to Texas for beef
cattle production and California for dairy cattle feed, an additional cost of $14/ton is incurred for
a product that sells at $18/ton. To enhance the value of the DDGS, Singh suggests the introduction
of a wet fractionation process that recovers the germ, pericarp fiber and endosperm fiber as co
products at the front end of the dry grinding process.

Research is pursued aiming at getting as much ethanol as possible from the grain pericarp
and fiber that is currently ending up in DDGS which are glutting the market and are being
considered for burning, as well as corn kernels in power plants. The fact remains that alcohol
contains only 59.6 percent of the calorific content of gasoline and large quantities of it would
have to be produced.

IMMUNOLOGICAL AND BACTERIAL FOOD SAFETY ASPECTS OF
DISTILLER GRAIN

Kansas State University in 2007 released results from a research project looking at the
prevalence of E. coli found in the manure of cattle fed dried distillers grains. The study found
that cattle fed dry distiller grain had a higher prevalence of E. coli. E. coli is present in all cattle,
and research is focusing on finding the reasons for the increase in E. coli with dried distiller’s
grain and work to find a way to change it.

Ethanol production relies on enzymes and yeast to convert corn into fuel. The main
concern is a bacterium contaminant producing lactic acid that competes with the yeast for the
starch and sugar. So instead of producing alcohol, lactic acid is produced. If too much of that
bacterium is present, the fermentation process can be ruined. It gets acidified by the presence of
the produced lactic acid to the point that the yeast is no longer able to produce ethanol, resulting
in an unusable batch of corn mash waste.

To avoid the problem, ethanol producers use antibiotics, mainly penicillin, erythromycin,
tylosin and virginiamycin to keep the lactic acid bacteria in check. This raises a side effect
concern since these treatments would introduce into the food chain of bacteria that are resistant
to antibiotics, or “superbugs.” These are a major concern in health care since they reduce the
effectiveness of human medications. Some resistant bacteria were in fact found in the sampling
at four Midwest plants by Mark von Katz from the University of Minnesota’s Biotechnology
Institute.

If restrictions are placed on the sale and use of distiller grain as a low-cost livestock feed,
it could have far reaching consequences on the economic viability of the ethanol industry and the
livestock producers who rely on it.

METHYL TERTIARY BUTYL ETHER (MTBE) SUBSTITUTION



Ethanol found success in a market ironically associated with the oil industry. There exists
a demand for a mandated replacement for the oil based gasoline oxygenate additive Methyl
Tertiary Butyl Ether (MTBE) which has been banned in many states in the USA since it is
suspected of polluting ground water and being carcinogenic. As of May 5, 2006, oil refiners
stopped using MTBE in response to the lifting of a federal requirement for a clean air oxygenate,
as part of the summer 2005 energy law. A 51 cents/gallon federal tax credit for ethanol added a
safety net.

Roughly 68 percent of all the produced ethanol is added to gasoline as a federally required
environmental oxygenate additive.

The mandated usage of ethanol in Illinois and other USA states pushed the product to a
market that had no choice than to buy it. The 2006 Illinois Renewable Fuels Act, Senate Bill
2236, adds as much as 1 billion gallons of new ethanol production. It provided $25 million over
two years to fund the Renewable Fuels Development Program and provides incentives for plant
expansion and new construction.

NATURAL GAS AND COAL IN ETHANOL PRODUCTION

Marquis Energy LLC of Hennepin, Illinois and Babcock and Brown, a global investment
and advisory firm listed on the Australian Stock Exchange, proposed a 200 million gallon fuel
grade corn ethanol facility. The twist is in the forms of energy used by the milling plant: in the
100 million gallons per year Phase I construction, natural gas is used as an energy source to
convert 72 million bushels per year of corn from around a 60 mile radius into ethanol. Then in
the next 100 million gallons per year Phase II construction, it is reported that converting the plant
from natural gas to coal from Wyoming or Illinois: “Will reduce the plant’s energy expense by
up to 70 percent.” Natural gas and coal are obviously used because they are more economical
than the produced ethanol as a fuel source for the refinery. Ethanol is this context is best used to
harvest the subsidy funds.

NATIONAL SECURITY AND DEFENSE RATIONALE

The agricultural economists David Bullock and Peter Goldsmith presented a paper at a
2006 conference at the University of Illinois: “Sustainable Bioenergy: Focus on the Future of
Biofuels and Chemicals.” They suggested that those involved in the promoting of biofuels need
to clearly define the reasons for the redirection of resources and funds involved in government
support for a specific industry and that the federal and state tax subsidies for ethanol production
need a new rationale: “Rather than saying ethanol creates jobs or lowers the price of gas, ethanol
proponents will need to justify the subsidies along the lines of national defense or creating a lower
cost industry for the future.” Bullock qualifies the politics and policies surrounding biofuels
production as “colorful” and “complicated.” He notes: “Net job creation claims for ethanol are
based on economic models that are speculative. These models do not account for the lost tax
revenue that could be used for other needs,” “When you implement these policies you have
winners and losers. The Midwestern rural areas are clearly winners because the tax dollars that
support these programs are coming from other areas of the country, as well,” and: “The idea that
ethanol will, by itself, produce lower gas prices is false. It will be a long wait before U. S. farmers
can produce energy more cheaply than the Saudis can pull crude oil out of the desert. Pulling it



out of the desert is cheaper than trying to grow energy through corn. And if the price of crude oil
does go down too low, the price of ethanol won’t pay the producers’ cost to grow corn.”

The most recent farm bill added several provisions including rural development, energy
efficiency, biofuels and energy security. The federal 2007 farm bill is purported to be “energy
based’ rather than income supporting. In 2007 ethanol use of corn is expected to be comparable
to the corn exports. In 20006, if the estimate of 4.5 billion gallons and a bushel of corn producing
2.5 gallons of ethanol are accepted, the ethanol industry should use: 4.5 /2.5 = 1.8 billion bushels
of corn, while the USA would export 1.85 billion bushels of corn. In 2007, ethanol would exceed
corn exports: the USA Department of Agriculture guesses that 2.6 billion bushels of corn will be
needed to produce an anticipated 6.5 billion gallons of ethanol.

From a farmer’s perspective, Brian Niemann from Walshville, Illinois wondered: “This
leads me to a question for you — with 90 percent of our fertilizer coming from overseas, can
ethanol really be considered a homegrown fuel? See you later!”

WATER SUPPLIES LIMITATION

In many parts of the USA corn-belt, the water table is dropping exceeding 10 feet or more
in some places, because of the water usage in producing corn as well as ethanol from it.

At Tampa, Florida the state’s first ethanol facility put in a request for 400,000 gallons per
day of water. This makes it one of the top 10 consumers of water in Tampa, with plans to double
the plant’s capacity. This is occurring while Florida’s rivers and lakes are at near record low
levels.

In the rush to build ethanol plants, 47 plants were proposed for the state of Illinois, each
having typically a capacity of 100 million gallons per day. The water supply in what is a water-
rich state will not be sufficient to have them built everywhere, and even if water is used smartly
and financing becomes available, only a fraction of them will be built. Even with a new dry grind
process under development, eliminating four stages in the corn ethanol production process, and
reducing the water usage from, 4 gallons of water would still be used per gallon of ethanol. Some
further reduction are claimed to be achievable, if enzymes are used with the dry grind process, to
1.5 gallons of water per gallon of ethanol. Still a plant producing 100 million gallons per day
would undoubtedly impact the local water supply and affect the neighboring private well owners,
especially if the existing aquifers instead of surface water from lakes or rivers are used.

Ethanol plants in Minnesota use from 3.5 — 6 gallons of water to produce 1 gallon of
ethanol from corn, according to the Minneapolis based Institute for Agriculture and Trade Policy.
Some of the water is recycled or returned to rivers, but most of it evaporates. For the USA as a
whole, there was a 254 percent increase in the volume of water used in ethanol production from
1998 through 2008.

In Nebraska, the third leading ethanol producer, in 2006, it was reported by Derrel Martin,
an irrigation and water resources engineers that 2 billion gallons of water were used at 15 ethanol
plants to produce 676 million gallons ethanol. This amounts to 2,000 / 676 = 2.96 gallons of
water per gallon of ethanol. Nebraska is struggling to meet the water demands of its farmers and
those in the neighboring states relying on water that passes through Nebraska, whilst it is poised
to become the second in the nation in corn ethanol production after lowa.

David Pimentel, the ecology and agricultural professor from Cornell University
questioned the above figures suggesting it takes 15 gallons of water rather than the roughly
reported 3 gallons to produce a gallon of ethanol.



In fact these two figures include only what an ethanol factory uses. If the water used to
grow the corn is also included, then fully 1,700 gallons of water are needed to produce a gallon
of ethanol.

From the perspective of Jerald Schnoor, professor of environmental engineering and co-
director of the Center for Global and Regional Environmental Research at the University of [owa,
both water quality and the availability of water could be threatened by increased use of irrigated
crops which need 2,000 gallons of water for each bushel of corn. This is in addition to the water
needed by the factories that produce the corn ethanol. As a chairperson of a National Research
Council panel he suggested that the stated goal to increase biofuels production about six times to
36 billion gallons by 2022 generates an environmental situation of fertilizers and pesticides
discharges.

Water is an increasingly precious resource for drinking, municipal uses, hydropower,
cooling thermoelectric plants, recreation, habitat for fish and wildlife as well as agriculture. The
water supplies are already stressed in some areas such as the underground Ogallala aquifer which
is the world largest underground water system extending from west Texas up into South Dakota
and Wyoming. It is used to irrigate 1/3 of the nation’s crop and providing drinking water to the
states of Colorado, Kansas, Nebraska, New Mexico, Oklahoma, South Dakota, Texas and
Wyoming. Growing biofuel crops requiring additional irrigation in areas with limited water
supplies has become a major concern.

Water availability is a limiting factor in the growth of the ethanol industry. In a study by
the Institute for Agriculture and Trade Policy (IATP): “Water Use by Ethanol Plants, Potential
Challenges,” it is suggested that few states are monitoring ethanol plants water usage with a lack
of public information.

Water has curtailed the siting of ethanol plants in North Dakota’s Red River Valley.
Officials in Champaign, Illinois requested a potential impact study of a plant using water from
the Mahomet Aquifer.

According to Dennis Keevey and Mark Muller : “Despite steady improvements in the
efficiency of water use in ethanol plants, the sheer number of new ethanol plants being built has
the potential to put a strain on the Corn Belt’s water resources.”

The consumption of water in ethanol plants arises from the water evaporation during
cooling and waste water discharge. Consumptive water use is defined as any use of water that
reduces the supply from which it is withdrawn, whether it is surface or underground water.

An ethanol plant uses 10 gallons/minutes for each 1 million gallons of ethanol that is
produced. A typical 50 million gallon plant would thus need a flow rate input of 500
gallons/minute of water.

The only available record about water consumption in ethanol plants exists in Minnesota.
There, ethanol plants use 3.5-6 gallons of water per gallon of ethanol produced. With increased
efficiency the average water use has been reduced from 5.8 in 1998 to 4.2 gallons of water in
2005 per gallon of ethanol, with a goal of 4 gallons of water per gallon of ethanol with existing
technology.

Regions of the Corn Belt with competing water usage such as the greater Chicago area,
western lowa, Nebraska and in general west of the Missouri River, would be affected by the
projected 254 percent increase in the volume of water used in ethanol production from 1998 to
2008.

The groundwater tables in some states such as Missouri have been drawn down to
dangerous levels near some ethanol plants. With corn prices rising with ethanol production, there



were 19 percent more acres of irrigated corn across the country with 1 million more irrigated
acres in Nebraska.

Moratoria on new ground water wells were put in place in some regions such as along the
Platte River, and the Republican River basin has caps on groundwater usage. However the plans
for curtailing water use in some water basins are becoming toothless tigers in the face of market
pressures.

Careful consideration is required of the regulatory oversight by state and local
governments on the siting of ethanol plants with emphasis on the water availability and supply as
well as the discharges and possible pollution of surface and underground water bodies. Ethanol
plants will have to be sited adjacent to municipal waste water treatment facilities whose capacities
would have to be enlarged.

Water must be assigned a larger economic value charged to the ethanol producer, with
public records maintained on industrial ethanol water consumption to avoid water resources
depletion and the consequent demise of the communities dependent on such water supply. We
shall know the true price of water, when corn syrup becomes more expensive than oil.

David Pimentel comments on the situation: “The entire water use picture, coupled with
the fuel it takes to produce ethanol, makes long term, mass production of ethanol unsustainable.
I wish it were sustainable, I am an agriculturalist. I wish this whole deal was a major benefit, but
you’ve got to be a scientist first and an agriculturalist second.”

AGFLATION: EFFECT OF CORN PRICE AND INFRASTRUCTURE

The brokerage firm Merrill Lynch coined a new term to capture the phenomenon of food
prices forcing up consumer prices more broadly: ‘agflation.”” This is akin to the word
“stagflation”, which was a term used in the 1970s to describe an economy that is stagnant, but in
which prices are inflating. Corn prices reached a 10 year high level in 2007, pushing up the cost
of feed for livestock and therefore meat as well. Wheat, eggs and dairy prices went also up across
the board. Milk reached its highest price ever.

According to the Illinois Corn Growers Association the 2006-2007 corn usage in the USA
amounted to 17.2 percent, with 46.8 percent allocated to feed and residual, 17.2 percent to exports,
10.8 percent to other uses leaving 7.9 percent as surplus.

as ethanol production increased, the demand for corn drove corn prices upward. The
ethanol producers felt the effects of the climb in prices. archer Daniels Midland from Decatur,
Ilinois (ADM), the largest USA ethanol producer, cited high corn prices when it reported
quarterly earnings that fell short of expectations in the Spring of 2007.

VeraSun Energy Corporation reported that it paid more than $4 per bushel for corn which
was more than twice what it paid the previous year. This resulted in a loss in its first quarter of
2007. Aventine Renewable Energy Holdings spent an average of $3.58 per bushel of corn in the
same quarter which was 69 percent more than a year earlier. most ethanol plants would face
losses at the point where corn prices would reach $4.80 per bushel based on ethanol prices of
$2.20 per gallon according to Dan Basse, the president of the Ag Resources Company.

ethanol demand was lagging behind supply in the second half of 2007, with a projected
supply of 445,000 barrels a day but a demand of 420,000 barrels. The oversupply was partly
blamed on the lack of infrastructure for transporting ethanol to the pump in the USA.

SUGAR SWAPPING DANCE, FEEDSTOCK FLEXIBILITY PROGRAM



The best way to make ethanol is from sugar cane. However this is not practical in the
USA because of Federal price subsidies. If these subsidies were removed, sugar production in
the USA from sugar cane and bets can compete like the rest of the world.

High fructose corn syrup from corn is sent to Mexico to displace sugar that is then be
shipped to the USA, whose taxpayers can then pay for buying surplus sugar and converting it to
ethanol.

Indeed, a sweet amendment carefully tucked into the USA House of Representatives
version of the 2007 farm bill provides that as Mexican sugar flows into the USA in 2008, the
USA Department of Agriculture will oversee a supply balancing program where the extra sugar
can be purchased at government subsidized prices by the ethanol manufacturers. The swapping
program has been given the official name: “Feedstock Flexibility Program.” The USA, like most
nations, has a domestic sugar price support program, needing still another program to handle the
unrestricted Mexican sugar imports starting 2008.

When passed in 1993, the North American Free Trade Agreement (NAFTA) gave the
USA a 15 years reprieve from unrestricted low cost Mexican sugar exports, until 2008. This was
a key compromise cut by the senior President George W. H. Bush and President Bill Clinton to
be able to pass NAFTA through the USA Congress. During the moratorium, high fructose corn
syrup made from subsidized cheap American corn poured into Mexico to replace its sugar in its
soft drink industry. Now Mexico, starting 2008, would export its surplus sugar according to the
NAFTA agreement back to the USA in a carbohydrates swapping dance.

Thomas Elam from Carmel, Indiana, describes the unsustainable subsidy biofuel policies
as self-defeating: “Grain based USA fuel ethanol production is using an increasing amount of our
global food supply, increasing the global costs of food production and contributing almost nothing
to USA or global net energy supplies. In effect, by linking food and energy costs through grain
based ethanol, we have ransomed our food costs as well as our energy costs to the interests of
global crude oil producers.”

The sugar swapping dance is performed with the ethanol industry asking for more
subsidies because of the high price of corn that is itself caused by their own ethanol making in
the first place; with an infinite positive feedback process.

DEFORESTATION AND SAVANNAH CLEARING EFFECT

The USA’s decision to promote the use of corn-based ethanol and soybeans-based
agrodiesel resulted in deforestation across the globe with corn being increasingly grown in the
Amazon, and palm oil in Indonesia. By eliminating the efficient carbon fixing trees, ethanol corn
production would be contributing to increased CO> emissions rather than a decrease as advocated.

Two studies published in the journal Science suggested that clearing land to plant corn
and other crops for agrofuels production does more to exacerbate global warming than using
traditional fossil fuels.

A report by Princeton University’s Woods Hole Research Center and Iowa State
University researchers concluded in February of 2008 that within 30 years the use of corn based
ethanol would produce twice as much greenhouse gas emissions as regular gasoline in terms of
increased crop production. Tim Searchinger from Princeton maintains that: “The land we are
likely to plow up (for ethanol feedstocks) is the land that we have had taking up carbon for
decades.”



A University of Minnesota’s Nature Conservancy study in Februray 2008 argues that
converting Asian and Latin American grasslands and rain forests for bioenergy production would
boost the long term greenhouse emissions linked to global warming.

Brazil has some of the strictest environmental laws on the planet, but their enforcement is
traditionally spotty. Brazilian businesses that clear these lands for agriculture are required to set
aside 20 percent of the producing area as reserves. Heavy market demand for corn, soybeans and
cattle resulted in a dramatic jump of Brazil’s rain forest and savannas or wooded grasslands
clearing in the final months of 2007. President Luiz Inacio Lula da Silva called an emergency
meeting of Cabinet ministers to consider measures to stop the deforestation. The rising
deforestation was a reverse of a 3 years decline.

The Brazilian government estimated that 2,703 square miles of rain forest was cleared
from August to December 2007. This suggests a loss of 2,703 / 5 = 540.6 square miles per month.
If this loss rate continues, a yearly loss to August of 2008 will amount to 540.6 x 12 = 6,487
square miles. About 4,334 miles square miles were cut down and burnt from August through July
of 2006. The agrofuels contribution is thus an increase of (6,487 — 4,334) / 4,334 = 2,153 /
4,334=0.4968 or 49.68 percent.

The destruction was concentrated in the Amazon states of Mato Grosso do Sul, Parana,
and Rondonia. The jungle is cleared in the Amazon to initially provide pasture for cattle, then
soybean and corn farmers move in.

METHANOL INSTEAD OF ETHANOL

China has grasped the thermodynamic reality that it is unrealistically unsustainable to use
methane in natural gas in a multi-step process to produce anhydrous ammonia to fertilize and
grow corn then ferment it into ethanol, while methane could be used in a single step process to
produce another alcohol: methanol instead of ethanol.

Methanol has become the main alternative fuel in China. It is made from methane in
natural gas as well as from coal.

China blends methanol into gasoline. Taxi and bus fleets in China run on high-methanol
blends. Retail pumps sell low-methanol blends, similar to the way USA gasoline stations market
government-subsidized low-ethanol blends.

UNINTENDED CONSEQUENCES

An unintended consequence of the obsession with corn ethanol is that it is prompting the
oil companies to scale back their plans to expand refinery capacity. According to John D.
Hofmeister, president of the Shell Oil Company:

“If the national policy of the country is to push for dramatic increases in
the biofuels industry, this is a disincentive for those making investment decisions
on expanding capacity in oil products and refining. Industrywide, this will have
an impact.”

An emphasis on ethanol might lead to increased volatility in fuel prices. With a bad corn
crop, we will end up paying for it at the pump and on the food shelves, in this case instead of
getting security market volatility is being increased.



The paradox is that the grand design of politicians to create cheaper, more plentiful fuel
are creating more expensive and more scarce fuel.

RESEARCH EFFORTS

Armed with the provisions of the Energy Independence and Security Act of 2007
providing support from the federal government in the form of subsidies and tax credits, 33 percent
of the 2008 USA corn crop was used to produce corn ethanol replacing 330,000 barrels of
petroleum per day in gasoline products, with 1/3 of it used as animal feed in the form of distiller
grain.

The new Renewable Fuels Standard mandates that 36 billion gallons of biofuels be
produced in the USA by 2022.

To maintain the sustainability of the established system research is attempting at
addressing the issues of land usage, energy consumption and water use. As a result of these
efforts, water consumption is being reduced by 27 percent, grid and electricity use by 16 percent
and total energy use by 22 percent.

Seed companies are improving corn traits with yield in the range of 300 bushels/ acre in
sight.

A corn fractionation technology that breaks each kernel into three parts: one for making
food grade products such as corn grits for snack foods, one for burning as a fuel source and one
for making ethanol, is being pursued.

Feedstocks other than corn and soybeans are under consideration: fast growing grasses
such as miscanthus, algae species producing half their body weight in oil, corn cobs, corn stalks,
wheat straw, rice straw, switchgrass, vegetable/forestry/landscape waste, food processing waste,
garbage, byproducts from the manufacture of wood and paper and other organic matter including
manure and sawdust.

PROJECT INDEPENDENCE, SYNTHETIC FUEL CORPORATION
EXPERIENCE, 1970s, 1980s

Project Independence was introduced in 1973 by a generation of central planners with the
goal of making the USA independent of foreign oil by 1980. It included the provision of subsidies
to synthetic fuel manufacturers, increased oil tariffs, conservation schemes, and increased
government spending on mass transit systems.

Later in the decade the government also imposed a Windfall Profits Tax on the oil
companies.

The bureaucratic measures implemented by the USA government with the aim of creating
energy independence actually made it more dependent on foreign oil because they misdirected
energy related investment and crimped the abilities of the USA oil companies to increase

As described by Thomas DiLorenzo in his book “How Capitalism Saved America” :

“In 1979 the federal government created a Synthetic Fuels
Corporation...that would make low-interest loan guarantees to companies
developing synthetic fuels. As with all government programs, however, the
indirect subsidies were distributed according to whichever members of Congress
had the most clout and could funnel the subsidies into their home districts or states,



not according to whatever firms held the most promise in developing synthetic
fuels. In other words, it was a giant political pork barrel.

The government promised to be producing 500,000 barrels of synthetic
fuel per day by 1987, but it never supplied more than 10,000 barrels. Moreover,
the loan guarantees were limited to those companies that had such poor prospects
that they could not obtain private funding. In other words, only the most
unprofitable companies qualified.

There is even evidence that the Synfuels Corporation impeded the
development of synthetic fuels. Energy industry analyst Milton Copulos explains
that “virtually all lending [by investment banks] for alcohol fuel plant construction
came to a halt as the banking community waited to see what the federal programs
would eventually include.” As a result, says Copulos, “construction of alcohol
plants came to a virtual halt.” Thankfully, the whole program was scrapped in

1986.”

7.13 CELLULOSIC ETHANOL ALTERNATIVE

INTRODUCTION

There are three possible inputs to produce biofuels: a finished product like corn, wheat or
soybeans, a cellulosic based dedicated energy crop like switchgrass, crop residues and wastes like
corn stover, rice hulls, wood chips and orange peels, and non-grain crops such as sugar based
system that extracts sugar juices from a plant like the sugar cane, beets, sweet sorghum, as well

as starch based systems such as cassava, potatoes or sweet potatoes.

The Energy Independence and Security Act of 2007, expanding the Renewable Fuels
Standard (RFS), starts with a mandate of 9 x 109 gallons of biofuels in 2008, and expands it to

36 x 109 gallons / year by 2022.

Table 9. Ethanol Production from biomass. Source: USDOE, USDA.

Percent of 2006
Harvestable Ethanol Acreage for 35 acreage for 35 x
. : x 10° gallons 9
Source Biomass production oal by 2022 10” gallons goal
[tons/acre] [gallons/acre] g 6 Y by 2022
[10° acres] [percent]
Switchgrass 5.6 563 62 20.1
Giant Miscanthus 14.1 1,410 25 8.0
Corn grain 4.6 456 77 24.7
Corn Stover 3.0 300 117 37.6
Corn total 7.6 756 46 14.9

Japan has adopted a biomass policy that will convert rice straw and other waste products

into liquid fuels.

Cutrale, the world’s largest orange juice producer is planning to produce ethanol from the
peels and other leftovers from the juice production process at its Auburndale, Florida plant, and

to reach an annual ethanol production of 8 million gallons by 2010.




TRICHODERMA REESEI FUNGUS

The hopes of the ethanol industry are based on a fungus called Trichoderma Reesei, which
American soldiers first discovered at the end of World War II, when they found it eating away at
their tents and uniforms on the Pacific island of Guam in the Marianas Islands in the Pacific.
When grown in the laboratory, it looks like the pale green mold on aged bread. More importantly,
the fungus releases enzymes that convert the fiber structure of plants into sugar.

It could be one of the most important organisms for all of mankind and could play a key
role in liberating the ethanol industry from its dependency on food crops. Using it, a ton of
switchgrass can produce 400 liters of ethanol. The portion of the straw waste on a grain field that
does not have to be plowed under to regenerate the soil can amount to 10 tons per hectare each
year. Pure energy grasses in the southern USA already produce yields of more than 20 tons which
could increase to almost 30 tons. This makes it possible to produce more than 10,000 liters of
ethanol annually per hectare, which corresponds to roughly the energy content of 6,600 liters of
gasoline. This is more than three times as much as can be achieved with the first generation
technologies. Lignin, a waste product that comes from turning straw into sugar can be used to
cover almost all the heating requirements for this type of system enhancing the thermodynamic
energy balance.

Virtually all existing biofuel production is from finished crops and the cellulosic based
model exists maily in the research laboratories and experimental farms and is years away in terms
of implementation.

The economics of cellulosic ethanol are also unclear since cellulosic ethanol, still at an
experimental stage, is twice as expensive as corn based ethanol. In addition, there are currently
no commercial scale cellulosic plants.

In 2006, with $160 million allocated to build 3 biorefineries, a new kind of ethanol or
“cellulosic ethanol” came under consideration, to be made from biomass products such as switch-
grass, Miscanthus (native to Asia), Indian grass, big bluestem, eastern gamma grass, sweet
sorghum, triticale, kenaf, corn cobs and stalks, waste wood, poplar trees, black locust, prairie cord
grass, wood pulp, giant reed (native to Asia), reed canary-grass (native to temperate Europe, Asia,
and North America). Switch grass is a perennial grass native to eastern and central USA. Kenaf
is grown for industrial fiber, but also is a potential biomass crop.

A double crop sequence of winter and summer biomass crops is possible. For instance,
triticale, a cross between wheat and rye, can be planted in October and harvested for biomass the
following June. Warm season crops such as corn, sorghum, sudan-grass and crotalaria, a legume
that can fix large quantities of atmospheric nitrogen, can then be planted.

Cellulosic ethanol can be produced from the fibrous, woody, and generally inedible
portions of plant matter. This could also include corn stover or wood chips.

PRODUCTION
Bioethanol production

Under the effect of heat, acids and enzymes split the cellulose in wood or grasses into
glucose. Lignin, which is a component of wood, is isolated and sent to a wood plant for burning.



The remaining sugar solution is combined with yeast in a reaction tank where it ferments,
producing alcohol.

In a distillation stage, using heating again, the excess water is evaporated with the end
product being ethanol.

Biomass to Liquid (BTF) Fuels, SunDiesel or Choren Method

The dried and shredded biomass is fed into a low temperature gasifier. It is heated to 400-
500 °C and broken down to tar rich volatiles and solid char. The char is then blown into the
gasifier. The generated slag must be disposed of.

The raw gas is fed into Carbo-V gasifier. With oxygen added, the temperature reached is
1,400 °C, at which stage the ash and particulate matter melt.

In a recuperator stage, the raw gas is cooled.

A particle filter separates the ash particles and char from the raw gas to be disposed of.

In a scrubber, using a water spray, the contaminants such as chlorine and sulfur are
removed from the synthesis gas. Waste water is generated at this step.

The last stage is a Fischer Tropsch process synthesis process using a cobalt catalyst to
transform the gas into a liquid form.

Biomethane

In an air tight container, bacteria are used to decompose the biomass and generate biogas.
Energy is used and water are used to enhance the fermentation process.

The resulting gas or biogas is composed of 50-70 percent methane and 25-45 percent
carbon dioxide.

A comparison of the above mentioned alternatives is shown in Table 10.

Table 10. Comparison of biofuels alternatives produced per year from one hectare of crops.

Efficiency Efficiency Vehicle range
Annual yield | compared with | compared with from annual
per hectare of petroleum petroleum yield of 1
land diesel gasoline hectare”
[percent] [percent] [km]

Bio-methane 3,560 kg - 140 99,600
Btl, SunDiesel 4,050 liters 93 - 75,330
Bio-cthanol 2,560 liters - 66 33,790
Rapeseed 1,550 liters 91 - 28,210
biodiesel

* Assuming an average consumption of 5 liters/km.

GIANT MISCANTHUS GRASS

Giant Miscanthus (Miscanthus x giganteus) is a perennial low maintenance grass native
of Japan used as an ornamental with a life expectancy of 15-20 years.

It grows from an




underground rhizome that is resistant to winter harvest losses. The harvested stems can be burnt
as a direct fuel source in coal boilers in electrical power plants or used as an ethanol feedstock.

The plant outgrows weeds, requires moderate water and fertilizer and be planted in
untilled fields. It has little susceptibility to pests and diseases. It grows to 10-15 feet in height.
Once established, it does not need the use of herbicides. It is widely adaptable from Nebraska to
the Atlantic Seaboerd.

An inter-specific hybrid is a cross between Miscanthus Sinensis Anders and Miscanthus
Sacchariflorus resulting in a sterile non-invasive Miscathus x giganteus that is propagated by
transplanting the rhizomes. It is advocated by Stephen Long, a University of Illinois crop scientist
as an ideal biomass crop with a long canopy duration, efficient photosynthesis, nutrient recycling
in the roots, clean burning, low input, sterile, non-invasive with a winter stand, easily removed,
high water efficiency, no known pests or diseases and would use existing farm equipment. It has
been grown as a commercial crop in Denmark for 30 years, and it requires zero inputs after the
first year of its establishment.

At three Illinois locations Giant Miscanthus produced double the biomass of switchgrass
at 14.1 tons / acre with a potential to produce 1,400 gallons of ethanol / acre.

New stems appear on the surface in late March, cover the soil by mid-May and reach a
height of 8 feet by July. The plants flower by late October. Afterwards their stems die after
storing nitrogen and other nutrients into the rhizome underground to survive the winter and supply
next spring’s growth.

Winter harvest of the dry biomass yields 17-25 tons/acre compared with switch grass at
10 tons/acre. It is advocated that if the state of Illinois used 10 percent of its 35.6 million acres
of farmland, it would produce 50 million tons of dry mass per year, supplying 50 percent of the
state’s electricity needs. The dry mass can be burned in power stations or turned into pellets for
heating purposes.

One ton of dry biomass would yield 80 gallons of cellulosic ethanol or 1,360 gallons per
planted acre, or 4 billion gallons for the state of Illinois which consumes 5 billion gallons of liquid
fuel per year. At $2.50/gallon for ethanol, an acre yield 2.50 x 1,360 = $3,400 in gross revenue.

Miscanthus is advocated as an efficient fuel source that requires only mechanical inputs
in its cultivation. Harvesting would be done with conventional hay cutting and baling equipment.

It has been used commercially in Europe for two decades as a fuel for heat and electrical
power generation. The ratio of output energy yield to input energy yield is estimated to be in the
range of 5.

An estimated 1.3 billion dry tons of biomass feedstock would be available for the process
in the USA. The environmental impact of such an approach in terms of soil erosion and the
depletion of soil nutrients remains to be considered.

SWITCHGRASS

Switchgrass (Panicum virgatum) is a Native American grass. There is still no knowledge
base on how to grow, harvest, and store it. South Dakota State University (SDSU) is developing
improved upland varieties of switchgrass for the Northern Great Plains.

Unlike Miscanthus that is propagated by rhizomes, switchgrass is propagated by seeds
like other crops. It is native to the prairies of North America. It is tolerant of a wide range of
environmental conditions compared with many other perennial grasses.



In Nebraska, non-transgenic switchgrass cultivars yield an average 3-5 tons/acre of
biomass, with the potential to produce 240-400 gallons/acre of ethanol. If production can be
increased to 6-7 tons/acre, the ethanol production could be increased to 480-560 gallons/acre.
The conversion technology yield 80 gallons of ethanol per ton of biomass. The Agricultural
Research Service (ARS) at Lincoln, Nebraska is developing switchgrass that can yield 10
tons/acre yielding 800 gallons of ethanol per acre. Ten years are needed to fully develop these
cultivars for commercialization. Seeding rates, herbicide and fertilizer applications, frequency of
cutting, are being evaluated.

Data in the January 7-11, 2008 Proceedings of the National Academy of Sciences from
the joint USDA and Institute of Agriculture and Natural Resources (ARS), greenhouse emissions
from cellulosic ethanol from switchgrass are estimated to be 94 percent lower than estimated
greenhouse emissions from gasoline production and to produce 5.4 times more energy than
needed to grow, harvest and process it into cellulosic ethanol.

Instead of producing ethanol, switchgrass can be fed directly as a supplement to coal in
co-firing electrical power plants boilers.

SWEET SORGHUM

Another alternative is sweet sorghum as a source of alcohol. The plant’s high sugar
content makes it suitable for producing ethanol. Sweet sorghum, like sugar cane, has been used
for making molasses for a long time. It is a close relative to grain sorghum, largely used for
poultry feed. The crop is often grown as a hedge against drought as it does well with relatively
little rainfall.

What is interesting in this approach is that just 300 acres of farm land growing it could
become the basis of a mini scale ethanol factory that can be sold to potential customers at the
farm gate. The process would be part field work and part in-plant work. In the field, the sweet
sorghum would be cut and crushed and the juices are extracted and collected in a collection tank
on a trailer. The juices are transported to the farm facility and loaded into a retaining bladder.
Yeasts are added fermenting the juice for 3-7 days in a sophisticated mini distillation plant
producing the ethanol.

The challenge with sweet sorghum is that it must be used locally since it cannot be hauled
over long distance as it is possible with corn. The crop also has a very short harvest window.
The solution may lie in designing a partial small scale preliminary distillery process on the farm.

The Ceres company in Thousand Oaks, California has entered into an agreement with
Texas A&M University’ Agricultural Experiment Station to research and commercialize high
biomass sorghum.

Biomass will be produced from the stems, stalks and leaves, more so than from the grain
per se.

ALFALFA ETHANOL

Alfalfa is touted as a sleeping giant in developing cellulosic ethanol sources. In the USA
alfalfa is grown on 20 million acres, some of it marginal land. It is harvested 3-5 times per year.
Alfalfa varieties would have to be modified to be lodging resistant and leaves be stripped from
the stems after harvest to yield a high protein leaf meal that could be returned to the food chain.
Leaf meal and corn Dry Distilled Grain (DDG) offer the same protein concentration. However,



DDG is high in fat and phosphorous and low in calcium, whereas leaf meal is low in fat and
phosphorous and high in calcium. The stems can thus be used for cellulosic ethanol production.
As a deeply rooted perennial, it helps in soil carbon accumulation and erosion control and can be
rotated with corn.

CORN COBS ETHANOL

The POET ethanol producer in Sioux Falls, South Dakota is working with equipment
manufacturers on methods to harvest, store and transport corn cobs in large quantities. It plans
on converting its 50 million gallons per year grain to ethanol plant in Emmetsburg, lowa into an
integrated corn to ethanol and cellulose to ethanol plant.

The corn cobs represent 18 percent of the above ground corn stover. Their carbohydrate
content is higher than the rest of the corn plant, allowing the production of more ethanol. The
cobs also have a higher bulk density than other parts of the corn stalk, making it easier to transport
them from the field to the ethanol plant.

WOOD CHIPS AND INDUSTRIAL WASTE ETHANOL

The General Motors Company bought a stake in the second generation ethanol Coskata
startup-company that plans on producing ethanol from wood chips and pulp, sugar cane bagasse
refuse, grass, corn stover and other industrial and municipal waste such as old tires and yard
waste. The claim is that the approach uses less than one gallon of water per gallon of ethanol
produced and yields more energy per ton of input than other processes.

The process used is not the enzymatic hydrolysis process commonly associated with
cellulosic ethanol production. Instead, a gasification process is used in which the front end
material is superheated to create synthesis gas or syngas, as a mixture of H2 and CO in a gasifier.

The syngas passes through a scrubber into a bioreactor where microorganisms breathe the
carbon monoxide and hydrogen and excrete ethanol and water. The ethanol is recovered and the
water is recycled to the bioreactor in a continuous flow system instead of a batch process like
used in the production of corn ethanol. One ton of dry material yields 100 gallons of fuel grade
ethanol in a three minutes process from the time the dry material is fed into the gasifier.

The process is claimed to cost $1 per gallon of ethanol, uses 1 gallon of process water and
produces 7.7 units of energy per unit of energy used. The process is capital intensive requiring
$400 million for a commercial plant within 2 % years to build.

ROADMAP FOR CELLULOSIC ETHANOL RESEARCH

Although the first biorefineries using cellulosic biomass resources are not expected to be
in operation until the next decade, the USA Department of Agriculture (USDA) and several land
grant universities are conducting research in addition to the work at the Department of Energy
(DOE) research centers.

A document issued by the USDOE: “Breaking the Biological Barriers to Cellulosic
Ethanol: A Joint Research Agenda,” outlines a plan for developing new technologies to transform
cellulosic ethanol into an economically viable transportation fuel. The goal is to displace 30
percent of the 2004 transportation fuel with biofuels by 2030.



To make large scale cellulosic ethanol production a sustainable system, the following research
hurdles have been identified by the USA Department of Energy as part of a roadmap that must be
overcome in the future:

1. Maximizing biomass feedstock productivity: Making better biomass through advanced
breeding or biotechnology modifications that could result in crops tailored for more
efficient ethanol processing.

2. Developing better processes by which to break down cellulosic material into sugar: Razing
the plant cells walls by studying lignin fiber, in an effort to possibly deconstruct the tough
cell wall material prior to processing. This would be a daunting task since deconstructing
switch grass fiber would be different than deconstructing poplar trees fibers. The task has
been assigned to the DOE’s Joint Genome Institute to map the genes of key energy crops
to understand how fiber can be broken down.

3. Optimizing the fermentation process to convert sugars to ethanol: Identifying
microorganisms or chemical enzymes best suited for the fermentation of various cellulosic
materials into ethanol.

The focus of the research plan is to use advances in biotechnology, those used in the Human
Genome Project and continued in the Genomics GTL program to jump start a new fuel industry.

Awaiting the results of the research program, the safe and guaranteed suggestion that can be
proposed for the immediate use of cellulosic materials is to burn them as an energy source for the
existing corn ethanol plants. After all, some farmers burn their own produced subsidized corn
kernels in specially designed furnaces to heat their dwellings.

PRIVATE SECTOR RESEARCH

British Petroleum (BP) from the UK sponsored a $500 million research program at the
University of Illinois in collaboration with the University of California at Berkeley and the
Lawrence Berkeley National Laboratory in research at the Energy Biosciences Institute (EBI).
The University of Illinois established a 340 acres farm where Giant Miscanthus is produced as a
cellulosic ethanol feedstock. The use of corn residue switchgrass and other herbaceous perennials
will also be studied.

GOVERNMENT RESEARCH

The USA Department Of Energy (USDOE) allocated $375 million for basic research on
cellulosic ethanol and other agrofuels at three DOE sponsored research centers.

At Oak Ridge National Laboratory (ORNL) the BioEnergy Research Center will study
the plant cell walls of corn, switchgrass and poplar, and how those cell walls can more easily be
broken down by enzymes in the ethanol production process.

At The University of Wisconsin at Madison’s Great Lakes BioEnergy Research Center,
in collaboration with Michigan State University will breed plants in which carbon is directed into
easily degraded cell walls, with a focus on switchgrass and Miscanthus.

The Lawrence Berkeley National Laboratory’s Joint BioEnergy Institute would direct its
efforts towards improving plants for ethanol feedstock and studying the molecular mechanisms
behind the breakdown of lignocellulose into fermentable sugars.



CORN STOVER AND SOIL FERTILITY

The use of corn stover could raise soil fertility and erosion issues. David Laird, professor
at the Towa State University (ISU) Department of Agronomy wrote in a report titled: “The
Charcoal Vision: A Win-Win-Win Scenario for Simultaneously Producing Bioenergy,
Permanently Sequestring Carbon, while improving Soil and Water Quality,” that although corn
stover is referred to as waste, it is a vital component of soil agrosystems: “Crop residues contain
substantial amounts of plant nutrients. If crop residues were harvested every year, these nutrients
would have to be replaced by increased fertilizer use. If all above-ground crop residues were
removed year after year, the quality of our soils would rapidly deteriorate.”

ENVIRONMENTAL ISSUES

The plants considered for bioenergy production raise ecological concerns. The
characteristics that are ideal for a biofuel crop are similar to those of invasive species requiring
careful risk-benefit analyses. Giant reed and reed canarygrass have significant environmental
impacts related to their known invasiveness. Despite this potential risk, 15,000 acres of giant
reed are planned in Florida and 30,000 acres in Alabama.

Some cultivars of switchgrass are strong competitors to native species in restoration areas.
In fact, native plants in one region can become invasive in another. For instance, smooth
cordgrass (Spartina alterniflora) is native to the Atlantic coast of the USA, but is a major invader
of estuary habitats on the Pacific coast.

Miscanthus benefits from 20-30 years of European experience as having a low risk of
invasiveness. However, the invasion history of exotic plant species shows that they can lie low
for several decades prior to becoming invasive, hence their designation as sleeper weeds. In this
context it is important to remember the scientific caveat: “The absence of evidence is not evidence
of absence.”

The Conservation Reserve Protection (CRP) lands and the riparian buffers have been
suggested as locations for growing biofuel crops to avoid competition with prime food productive
farmland. This could place these species on land prone to erosion that is adjacent to pathways of
dispersal helping to spread them throughout the landscape. These would also lead to a decrease
in the biodiversity and function of these ecosystems.

Jorn P.W. Scharlemann and William F. Laurance, from the Smithonian Institution’s
Panama Tropical Research Institute conclude in the January 4, 2008 issue of the magazine
Science: “Not all biofuels are beneficial when their full environmental impacts are assessed; some
of the most important, such as those produced from corn, sugarcane, and soy, perform poorly in
many contexts.” Those contexts include land use, impacts on ecosystems, and “trace gas”
emissions. They suggest: “The arguments that support one biofuel crop over another can easily
change when one considers their full environmental effects.”

If tropical forests are razed to plant sugar cane the tradeoff results in vast increases in
carbon dioxide emissions. Another example, according to the article, is growing corn or rapeseed
for fuel, which requires a lot of nitrogen fertilizer. The breakdown of the fertilizer can yield
copious amounts of nitrous oxide, a potent greenhouse gas, and also an alleged major atmospheric
ozone depleter.



They suggest: “In the debate about different biofuels, one can easily be overwhelmed by
the ‘apples and oranges’ problem. Each biofuel has certain benefits and potential costs, and there
is no common currency for comparing them.” “Not all biofuels are beneficial when their full
environmental impacts are assessed; some of the most important, such as those produced from
corn, sugar cane, and soy, perform poorly in many contexts.” So governments “should be far
more selective about which biofuel crops they support through subsidies and tax benefits.”

GREENHOUSE GASES EMISSIONS FROM BIOFUELS

A team of researchers led by German Nobel Prize winning chemist Paul Crutzen found
that the growth and use of biofuels produced from rapeseed in Europe and corn in the USA can
produce 70 percent and 50 percent more greenhouse gases respectively than fossil fuels in a study
published in 2007 in the scientific journal Atmospheric Chemistry and Physics. They warned
that the cure could end up being worse than the disease.

Paul Crutzen and his team of researchers have calculated the emissions released by the
growth and burning of crops such as corn, rapeseed and cane sugar to produce biofuels. The team
of American, British and German scientists has found that the process releases twice as much
nitrous oxide N2O as previously thought. They estimate that 3 to 5 percent of nitrogen in fertilizer
is converted and emitted, as opposed to the 2 percent used by the Intergovernmental Panel on
Climate Change (IPCC) in its calculations.

Crutzen is widely respected in the field of climate research, having received the Nobel
Prize in 1995 for his research into the ozone layer.

The findings come in the wake of an earlier OECD report which warned against rushing
to grow renewable energy crops because they cause and damage biodiversity while producing
limited benefits.

ETHANOL PRODUCTION GOAL

President George W. Bush signed an Energy Bill in August of 2005 including a Renewable
Fuels Standard (RFS) mandating the usage of 7.5 billion gallons of corn ethanol by 2012. In
January of 2006, he pushed for increased ethanol production in his State of the Union Address in
January of 2006 in an Advanced Energy Initiative suggesting that the USA must end its addiction
to foreign oil. Production was 25 percent above the 4 billion gallons called for in 2006. This was
due to 22 corn ethanol plants breaking ground by 2006.

Lifting of the oxygenate requirement by the 2005 Energy Bill replaced MTBE by a 2 billion
gallons amount.

The National Corn Growers Association (NCGS) envisions a goal labeled: “15x15x15”
meaning a 15 billion bushels/year corn crop, from which 15 billion gallons/year are produced by
the year 2015. As optimistic as these figures may sound, they are outdone by those advanced by
an alliance of agricultural, forestry, national security, business, labor, and environmental groups
designated as “25x25” meaning: 25 percent of the USA’s energy needs derived from farms,
ranches and forests by 2025, as compared to 6 percent in 2006. This goal encompasses ethanol,
biodiesel, wind and animal wastes.

POLLUTION FROM CELLULOSIC ETHANOL PRODUCTION



The director of lowa State University’s Water Center, Rick Cruse, warned about the
possibility of an ecological disaster in an address to the [owa Environmental Commission: “The
political machine has said, with multiple voices that Iowa is, has been and will be the big energy
capital of the world. If done correctly, it could be a Garden of Eden, literally. If it is done
inappropriately, it might look like Saudi Arabia desert, with an empty oil field underneath.”

If corn stubble that is needed to replenish the top soil were converted to cellulosic ethanol,
this would imply lower soil fertility as well as soil erosion. Climatic trends are pointing to heavier
rainfall events in the Midwest leading to even higher soil erosion.

Corn based cellulosic production in large centralized plants would pose major
transportation and storage problems. An ethanol plant would need a pile of crop residue covering
100 acres and 25 feet deep.

The way around the problems could be to use multiple crops such as the less valuable
switchgrass to reduce the erosion threat and perform some form of preprocessing at the farm sites
before shipping the residue to the ethanol plants.

DISCUSSION

Corn ethanol is an expectation and is not a cure all and savior for the USA’s and the world’s
energy needs. It is not a silver bullet that will solve the USA’s energy problems and is not totally
green and environmentally friendly as some supporters claim. Even if it produces 12 percent less
greenhouse gases, it is associated with markedly larger releases of nitrogen, phosphorus and
pesticides into waterways as runoff from corn fields. At high concentrations it produces more
smog causing pollutants than gasoline per unit of energy produced. According to Jason Hill from
the University of Minnesota: “There is a lot of green in the money that is going into ethanol, but
perhaps not so much green is coming out as far as the environment.

A booming corn ethanol industry has driven up corn prices to $5 per bushel, soybeans to
$13/bushel and wheat to $11/bushel as of 2008, and will have long term repercussions for cattle
and poultry feeders competing for the same feed grain. A shift to corn production from soybeans
is expected to drive up the price of soybeans and turn the USA into an importer of soybeans for
the first time. The poultry industry has started shifting its production facilities out of the USA
sending poultry and other meat products higher. A $1/bushel increase in corn prices takes 20-25
dollars off the value of a 550 pounds calf. Without counting the government incentives, ethanol
plants are making 51 cents per gallon profit from their operations and they can pay $5 a bushel
for corn and still remain profitable. To boost domestic production of corn and soybeans releasing
acreage from the Conservation Reserve Program (CRP) is under consideration.

A claim of 25 percent energy gain is made for corn ethanol, upon close scrutiny, appears to
be related to an energy value attributed to the resulting distiller grain. The argument that is
advanced is that since ethanol has dry distilled grain as a co-product, and corn must be grown for
livestock, anyway, it is not appropriate to assign all the energy needed for corn production to just
the ethanol. Even if such a claim is valid, if every acre of corn grown in the USA were used to
produce ethanol, it would supply a meager 12.3 percent of the USA motoring fuel.

If cellulosic ethanol moves into production beyond the laboratory scale, ethanol from 300
million acres of switch grass still could not supply the gasoline and diesel consumption which is
projected to double by 2025. As far as alternative fuels are concerned, biodiesel from soybeans
oil may be a better alternative than corn ethanol. Neither corn ethanol nor soybean biodiesel can
replace much petroleum without impacting the food supplies. Biofuels, even from non-food



sources are not a practical long term solution, and could have a devastating impact on agriculture
by reducing soil fertility by not returning crop residues back to the soil, increasing soil loss by
erosion and creating a competition between food and energy crops.

It is worth noting that historians suggest that the demise of the Carthage civilization in North
Africa, which challenged Rome as Hannibal crossed the Alps with his elephants, at the location
of present day Tunisia, was caused by uncontrolled soil depletion and erosion.

The average American motorist drove 13,657 miles in 2005. That is 40 percent than 25 years
earlier because of longer commutes to the suburbs and the larger use of the automobile for daily
chores. The average motorist consumed 703 gallons of gasoline per year for a total need of

300x106x703 =2. 19)(109 gallons of gasoline per year for the 300 million USA’s population.

It is difficult to convert existing vehicles to run on ethanol, even with an 85 percent gasoline
and 15 percent ethanol mixture: E85, or the traditional 10 percent mixture. The chemical
properties of ethanol are very different than that of gasoline and vehicles combustion systems
must be adapted for exposure to alcohol. This includes fuel lines, fuel pumps, fuel injectors,
oxygen sensors, exhaust after treatment, as well as the electronic engine control module which
must be reprogrammed to match the characteristics of ethanol. Alcohol is more volatile than
gasoline.

On an afternoon stroll on the streets of Sao Paolo, Brazil, a distinct alcohol smell can be
discerned, and multiple car fires can be watched. To prevent serious air pollution, the conversions
must follow a lengthy and costly process: the Mobile Source Enforcement Memorandum 1A
issued in June 1974 by the Environmental Protection Agency (EPA) enforcing the tampering
prohibitions under Section 203(a)(3) of the Clean Air Act. Thus it is preferable to purchase new
flexible fuel vehicles that are specifically designed to run on the mixture.

Corn growers are advocating an E20 instead of an E10 blend. Auto manufacturers respond
that they would not honor the warranties of cars designed for E10 if they use E20 in their tanks
because a higher blend is corrosive to the fuel system.

The E85 fuel has 10-15 percent lower fuel economy compared with gasoline requiring the
handling of larger quantities of fuel, which in turn will translate into a higher cost than gasoline,
which could make it less attractive than gasoline.

Wholesale ethanol prices as of 2006 were $3/gallon, compared with around $2/gallon in 2005.
As a gallon of ethanol costs $1-1.30/gallon to make and the USA government paid an additional
$0.51/gallon in 2008 in subsidies to be reduced to $0.41/gallon in 2009, and expire in 2010, profits
boomed in 2006. Ethanol plants became money printing machines, paying for themselves within
about a year.

However, there exist plenty of reasons for doubting that corn ethanol is a sustainable
answer to the USA’s energy needs. It would take 85 percent of the USA corn acreage to produce
enough of it to replace just 10 percent of gasoline demand. Rising demand for human and animal
corn feed could send corn prices soaring, making ethanol investments much less of a sure thing.
It takes 3.5-6 gallons of water to manufacture a gallon of ethanol, placing pressure on the water
resources and polluting them. The USA
Department of Agriculture (USDA) expects a bushel of corn from the 2006 harvest to fetch 24
percent more than in 2005.

Corn ethanol cannot completely replace oil in the transportation sector. In 2006, ethanol
production was 4.9 billion gallons representing only 3.5 percent of the USA’s total consumption
of 140 billion gallons. Even if 100 percent of USA grown corn were used to produce ethanol, it
could still replace only 29 percent of the total fuel consumption.



Table 11. Estimated transportation fuels by source.

Petroleum Corn ethanol Cellulosic Total
Year 10° gallons/year 10° gallons/year cthanol 10° gallons/year
& Y & Y 10° gallons/year & Y
2006 135 5 0 140
2010 133 13 0 146
2022 133 21 15 169

Since the corn to ethanol process uses energy, logically not ethanol itself, to make ethanol,
producers are vulnerable to energy price spikes. As of 2006 there were 101 ethanol plants in
existence, more than 41 new facilities and expansions were in the works, and another 100 were
in the planning stages. At an average construction cost of $75 million/plant, this is potentially:
141 x 75 = $10.6 billion invested in ethanol plants.

The USA was the largest ethanol producer in the world followed by Brazil and China.

If one barrel contains 42 gallons, the USA’s production of 11 billion barrels of ethanol per
year translates into:

11x10°

=261x10°

barrels of ethanol per year. Assuming the same density for ethanol and gasoline, and considering
that ethanol contains as calculated earlier 59.6 percent as much energy as gasoline by weight, one
can calculate a number of barrels of gasoline equivalent as:

261><1o6.%=155><106
100

barrels of gasoline equivalent per year or:

6
I35x107 _ 6 426 x10°

or just 426,000 barrels of gasoline equivalent per day.

The USA daily oil import is about 12 million barrels. The implication is that the ethanol
production is just: equivalent to just 3.55 percent of the daily USA import of oil, even assuming
that all the oil is refined into gasoline.

The USA consumption of liquid fuels is 21 million barrels per day. The ethanol
production would an even more insignificant:

6
0.426x10 —0.0203



or an insignificant 2 percent of the daily USA liquid fuels consumption.

According to David Pimentel, from Cornell University, if the entire USA corn crop were
converted to ethanol, it would satisfy about 15 percent of its automotive fuel consumption.

The production of ethanol from corn, at the present state of technology, may be justified
as a clean alternative of the oxygenate MTBE, or as needed for national security, but it is doubtful
that it qualifies as a renewable or sustainable energy source. Until this is recognized, it is
unavoidable, with its existing momentum, that ethanol production will feather the nests of a new
class of capitalists for decades in the future. Some financial circles suggest that unwise money
appears to be thrown around on a possibly unsustainable new tulip mania boom.

Table 12. World ethanol production, 2005.

Productiion
Country 6
[10 gallons/year]
USA 4264
Brazil 4227
China 1004
India 449
France 240
Russia 198
Germany 114
South Africa 103
Spain 93
UK 92
Thailand 79
Ukraine 65
Canada 61
Poland 58
Indonesia 45
Argentina 44
Italy 40
Australia 33
Saudi Arabia 32
Japan 30
Sweden 29
Pakistan 24
Philippines 22
South Korea 17
Guatemala 17
Ecuador 14
Cuba 12




Mexico 12
Nicaragua
Zimbabwe

Kenya
Mauritius

WIW| | W

Swaziland
Other 710

The corn ethanol industry is self-limiting. Low petroleum prices and high corn prices
drive down its profitability.

7.14 SUSTAINABILITY OF ENERGY FORESTRY AS A FUEL SOURCE

INTRODUCTION

Energy forestry can be construed to have a net zero carbon inprint if, without the use of
significant energy inputs, carbon is fixed into plant material then released back upon its
combustion.

An estimate of the Earth’s agricultural production land reveals the potential of biomass.
According to an estimate by the United Nations Food and Agricultural Organization (FAO), the
world’s 6.5 billion people have about 5 billion hectares or about 12.35 billion acres of developed
farmland and pasture at their disposal (1 hectare = 2.475 acres). Western lifestyle meat protein
eaters require about 10 hectares or 24.7 acres to feed 25 people. Vegetarians need only about
1/10™ as much land.

For a Western style eating habit, this would still leave:

12.35x10°- (6.5><109><2;—57) =12.35x10°- 6.42x10°= 5.93x10°

or about 2.4 billion hectares or 5.93 billion acres of land that could be used to produce biofuel.
Usable farmland in the USA amounts to 412 x 10° hectares or 1.02 x 10 acres. With a
population of 300 million, if all American ate meat,

300><106><%55=294><106

acres or 118.8 x 10° hectares would be needed to produce food. The difference:
1,020x10° —294x10° =726 x10°

acres could be used for energy production. It is estimated that 386 x 10° gallons or 1.46 x 10°
liters of biofuel could be produced from this land. For comparison, 180 x 10° gallons or 0.68 x
10? billion liters of fuel are consumed per year as transportation fuel in the USA. As of 2007, 20
percent of American farmland was being used for corn ethanol production. The state of lowa,



one of North America’s bread baskets, will have to allocate its entire corn crop to fuel distillers
when the planned plants would have been completed in a few years’ time.

Sweden plans to be the first nation to completely wean itself from its dependency on oil
by 2020. It wants to achieve that goal without getting rid of cars. Instead, the Swedes plan to use
bioethanol to keep their country mobile.

In Brazil, bioethanol from sugar cane already meets almost half of the country’s gasoline
demands.

In Germany, Renewable resources, referred to in Germany as “Nawaro,” an acronym for
Nachwachsende Rohstoffe, have long been the most important element of renewable sources of
energy. They provide 3.2 percent of the primary energy used in Germany, which is almost three
times the share held by solar, water and wind power combined. The German Agency of
Renewable Resources (FNR), a part of the country’s Agriculture Ministry envisions scenarios in
which about 3.5 million hectares or 8.6 million acres, which is about 1/3 of all German farm land
could be used to produce energy plants by 2020, without causing conflicts with food production.
Only about 1.6 million hectares or 3.9 million acres are used for energy production.

However, one must note the reality of the situation and read the fine print in that the use
of these materials in Germany is limited primarily to the well tested and ancient practice of wood
heating in residential fireplaces and wood burning stoves.

THE CASE FOR BIOFORESTRY

Sugar cane, which Brazil uses to manufacture its ethanol, does not grow very well in the
North American climate. The USA uses corn and other grains as the raw material. The yields are
barely 1,000 liters per hectare in some areas, compared with about 6,000 in Brazil. Even that
1,000 liter figure is misleading. Farming one hectare of land requires roughly 300 liters of energy
to power farm machinery and transport vehicles and to fertilize the crops.

In the same way, the gross yield of the rape seed harvest in Europe shrinks from to a net
yield of no more than 1,250 liters per hectare. In worst cases, turning grain into ethanol can even
result in a negative energy balance because distilleries also consume energy. A tremendous
amount of energy is lost converting biomass into fuel for transportation.

It could be argued that biomass could be put to more effective use generating heat and
electricity rather than as a substitute for gasoline.

COFIRING BIOMASS

Biomass can be mixed with coal to reduce the carbon footprint of electrical utilities.
About 20 utilities in North America are using wood chips to replace about 25 percent of the coal
or natural gas used.

In Sweden 19 percent of the energy comes from biomass through co-firing. Sweden
expects to produce 40 percent of its energy from biomass by 2020.

It should be noted that biomass contains about half the energy content of coal. Yetitisa
sustainable way to reduce COz, SOx and NOx emissions and other waste using existing plants and
available technology.

ENERGY FORESTRY



The highest annual yield per hectare from energy producing plants is about 20 tons of dry
plant matter. That is the equivalent of about 9,000 liters or 2,370 gallons of petroleum.

Salix viminalis, osier or the willow plant is proposed as a sustainable addition to the
arsenal of biomass fuel plants using the concept of energy forestry.

Energy forestry is a form of forestry in which a fast growing species of tree or woody
shrub is grown specifically to provide biofuel for heating or electricity production.

The advantage to using grown fuels is their sustainability as compared with fossil fuels
such as coal, natural gas and oil: while they are growing they absorb through photosynthesis
carbon dioxide, which they release later as they are burned, for a zero net increase in the carbon
dioxide level.

Fossil fuels, on the other hand are increasing atmospheric carbon by burning carbon that
was added to the carbon sink over millions of years in a time when the Earth would have had a
very different climate, and this is a cause of global warming.

Energy forestry would be carried out is by dedicating marginal agricultural areas such as
the Conservation Reserve Program or the stretches of ditches along the national highways for the
cultivation of appropriate species of trees, shrubs or grasses.

SALIX VIMINALIS, BASKET WILLOW, COMMON OSIER

An appropriate species choice is the Salix viminalis, known also as the common osier or
basket willow. This species possesses a broad acceptance of climate and soil conditions. It is
relatively non susceptible, from year two onwards, to pests and diseases. It is easy to propagate
with vegetative cuttings and has a fast vegetative growth.

The plant is a many branched shrubby species of willow (Salix). It usually grows to
between 3-6 meters in height. It possesses long, straight branches with exceptionally long and
slender leaves about 10-15 cm in length and 1 cm in width. Its flexible twigs allowed it to be
used in basket making, hence its other common name of basket willow.

Its leaves are dark green, with a silky grey underside. The plant’s male catkins are yellow
and oval-shaped, and appear in the early spring before the leaves. The female catkins are longer
and more cylindrical, appearing at the same time as the leaves.

These trees grow in the wild by streams and wet places. They can be found along drainage
ditches in Illinois in the USA. They are also common throughout both Britain and Ireland at
lower altitudes. It is one of the least variable willows, but it can hybridize with other willow
species.

GEIJERA PARVIFLORA, AUSTRALIAN WILLOW

Another possible choice is Geijera parviflora or Australian willow Graceful. It is a fast
growing tree with the branches sweeping up and out, with little branches hanging down. It has a
medium green color.

It is similar to the weeping willow, but is not susceptible to the same pests. It grows to a
maximum of 25 feet, with a maximum spread of 20 feet. With low maintenance, it needs only
corrective trimming. It grows at a moderate rate without invasive roots.

WILLOW CULTIVATION



Willow trees’ high production can be maintained by short rotation periods of about three
to five years. After each harvest the established root system and the nutrients stored in the roots
and stumps guarantee vigorous growth for the shoots.

Willow plantations can easily be established with stem cuttings about 20 cm in length.
This matches an observed natural propagation process of the willow tree, where green branches
broken out by high winds and storms, get imbedded into the ground, sending roots and starting
new trees. The cuttings are soaked in water for about two days before planting. During the
establishment year the plantation is susceptible to drought and weeds with irrigation and efficient
weed control recommended.

A planting density of about 18,000 cuttings/hectare can be used. Weed control and
preparation of the land in the spring would be followed by planting the cuttings. The high
moisture of the soil in the spring and the amount of sunshine in the early summer will stimulate
root penetration and shoot development. The most efficient planting machines plant four rows at
a time. It takes about an hour to plant a hectare.

Production during the establishment year is low, usually less than 1,000 kg/hectare.
Following the first summer, the shoots are cut and the actual production period starts after the
establishment year.

Figure 21. Salix Viminalis, common osier or basket willow plant for bioenergy forestry.

As the plantation is properly established, it may be possible to attain an annual yield of
about 9,000-12,000 kgs of dry matter per hectare. This would have an energy content equivalent
to the content of 3.7-4.9 tons of heating oil. Repeat harvesting of a plantation is possible without
re-establishing it for about 25-35 years.

During the establishment year the dry matter production is expected to be low. The few
following years after the establishment are part of the establishment phase. In subsequent
rotations the annual yield will be better than at the beginning. As a pioneer species, the yield of
the willows may decrease after the third growing rotation.

The willow plantation would be harvested in the winter after leaf fall, above frozen soil.
Since the shoots are harvested as whole stems, they are easy to store and ship. The scheduling of
the subsequent operations is more flexible. The stems can be dried for combustion in a pile



outdoors; the moisture content of the wood will decrease to about 30 percent on average until the
next fall period.

The harvesting is done with heavy self-powered machinery, which cut and chip the shoots
and drop them on a loading platform. The direct chipping reduces costs considerably, since a
separate chipping in the store will be excluded. Some chipping harvesters can be attached to an
existing tractor. About 3 hours are needed to harvest a hectare.

An energy forest that is ready for harvesting would have about 40 —50 tonnes of dry matter
per hectare. The shoots would be 5-6 meters in height with a diameter of about 3-5 cms at breast
height. This amount of dry matter fills a solid volume of about 110-135 m?.

In Europe, the price of dry willow used as a heating fuel is about 45 Euro/metric tonne.
Even though this not a high-return, it is compensated with low maintenance and input., is a way
of utilizing difficult fields, and is and environmentally friendly type of farming as little pesticides
and treatments are necessary, and above all is a sustainable system of energy production.

BLACK LOCUST

Black locust (Robinia pseudoacacia) can be used as a potential woody biomass crop. It
exhibits a higher yield and a shorter harvest than other woody species. It can be used for direct
combustion and may possibly be broken down to extract its sugars to be turned into alcohols.

Coppicing the plant, or cutting the plants back from a single stem a few inches above
ground, allows the plant to grow back with multiple stems as a bush with multiple stems arising
from the base and shoots from the root system. After copiccing, the plants can be harvested after
2-5 years in the same way as other woody plants such as willows, producing about 12-16 tonnes
/ hectare.

7.15 SUSTAINABILITY IN FOOD PRODUCTION
WORLD FOOD SUPPLY

The peak world population is expected to rise to 8.5-9.5 billion in 2050. The largest
population growth, if unchecked by voluntary population control measures or involuntary
starvation, disease, wars and other calamities, is expected to occur in Asia and India.

Food production covers 40 percent of the Earth’s land surface, as reported at a December
2005 meeting of the American Geophysical Union. In 1700, just 7 percent of the globe was used
for farming. Today, an area roughly the size of South America is devoted to crop production
alone. Farmland grew by 12.4 million acres between 1992 and 2002, according to United Nations
statistics.

The USA and some South American countries have more arable land to satisfy part of the
demand. Asia, where most of the population growth is to occur has only 30 percent arable land.
Peak global food demand is expected to at least double, if not triple over the next 50 years. Crop
land and yields will have to increase to meet the increased demand for food.

FOOD, FEED AND FUEL, THE THREE F’S DEBATE

The amount of grain that is required to fill a 25 gallon tank with ethanol could otherwise
feed one person for a year.



In the USA, food processors, soda bottlers, livestock groups and even the oil companies
spoke against federal energy policies aiming at raising biofuels usage to 36 billion gallons per
year.

Food cereal packagers in the USA, while keeping the price constant decreased the content
of their “family size” boxes from 21 ounces to 19 ounces (The “regular” size weight is 16 ounces).
This is a stealthy increase in the price of a box of cereal of (21-19) / 21 = 2/21 = 095, or 9.5
percent.

rising bread and flour prices have sparked protests across drought-stricken Morocco,
where the wheat crop dropped by 76 percent in 2007. Public disturbances have also been reported
in Yemen, Niger, and the Ivory Coast.

milk and cheese prices are at record highs, as well as rice. ... In Japan, where the
government is the sole importer of wheat, bread prices have gone up for the first time in two
decades. Russia, the Ukraine, and Kazakhstan have imposed restrictions on their wheat exports
to ensure that their domestic supplies

Coca-Cola and PepsiCo complained that this would drive up the cost of their corn syrup
sweetener. Food processors like the Kellog Company worried that this would drive up the cost
of their cereals. In fact, they did not wait too long: they reduced the sizes of their packages,
correspondingly raising the prices. Livestock producers complained that the increased price of
their feed corn and soybean meal. The oil companies complained that the expanded biofuel
production prompted them to scale back plans for oil refineries capacity expansions.

An epic competition is arising between the 800 million motorists who want to protect their
mobility and the 2 billion poorest people in the world who need food to survive. According to
Lester Brown, President of the Earth Policy Institute: “The grain required to fill a 25 gallon SUV
gas tank with ethanol, for instance, could feed one person for a year. If today’s entire U.S. grain
harvest were converted into fuel for cars, it would still satisfy less than one-sixth of U.S. demand.”

In 2006, 74.505 million acres were planted to soybeans and 71.047 million acres to corn.
The corn production in 2006 at an average yield of 151.2 bushels/acre yielded 10.744,806 billion
bushels of corn, the second largest production ever after the 2004 production at 11.8 billion
bushels. The soybeans production at an average yield of 43 bushels/acre yielded 3.203,908 billion
bushels, an all-time record.

At the 106 ethanol plants operating in 2006, 2.1 billion bushels of corn or 2.1/10.74 =19.6
percent were used for ethanol production. In 2007, 53 new and expanded plants are expected to
need an extra 1.4 billion bushels or a total of 2.1+1.4 = 3.5 billion bushels of corn. This means a

need to expand the corn acreage by: 1.4X109/151.2 = 9.3);106 acres, to a total of 71.047+9.3 =
79.347 million acres. This would be the highest corn production since 1946; a thirty years
phenomenon, leading to increased corn prices, in turn increasing the prices of beef, poultry, and
even soft drinks using corn syrup as a sweetener. This increase in the corn acreage would be at
the expense of the soybeans, wheat and cotton acreage and leading to increased prices in these
commodities.

The 159 corn ethanol plants would be capable of producing 9 billion gallons of
ethanol/year. The USA uses 140 billion gallons of gas per year. Thus the ethanol would only
supply: 9/140 = 6.4 percent of the fuel needs.

Iowa State University economist Bob Wisner observes that the 56 distilleries operating
and under planning in lowa would use its entire corn harvest. He notes: “If all these plants are
built, it would use virtually all the current lowa corn crop, adjusted for trend yields out to 2012.
That means the market will almost certainly have to buy substantially more corn acres in the next



several years, through higher corn prices. December 2007 and 2008 corn futures already are
sending that signal.” South Dakota’s corn ethanol distilleries are claiming over 'z of the state’s
crop.

A food and feed versus fuel debate is ongoing in the grain industry. In May 2006, the
privately owned Cargill grain company’s Chairperson and Chief executive Officer (CEO) Warren
Staley expressed his concern about the effect of the growing corn ethanol industry, and urged
USA’s agriculture to adhere to: ““ ... a hierarchy of value for agricultural land use: food first, then
feed, and last, fuel.”

On the opposing side, rival Archer Daniel Midland (ADM) Company appointed Patricia
Woertz, a top executive with the Chevron oil company as its new president and CEO, signaling a
commitment to the use of food crops for fuel production, with ADM as the premier corn ethanol
producer in the USA.

The CEO of the National Corn Growers Association suggests: “We can easily foresee a
15 billion bushels corn crop by 2015. That is enough corn to support production of 15 to 18
billion gallons of ethanol per year and still support the feed industry and exports, with some room
for growth.” He attributes the increase from the 2006 corn production figure of 10.9 billion
bushels to the 15 billion level expected from advances in corn genetics and an acreage increase.

At the local level, grain elevators managers face the critical prospective that the corn
ethanol business would put them out of business and affecting the economy of small rural towns
in the USA. The typical local grain elevator must adjust to the new situation by supplying corn
to the nearby ethanol plants rather than shipping it out of state and overseas, and serve as
intermediaries to dispose of the surplus distiller grain byproducts as animal feed.

David Pimentel from Cornell University estimated that if the entire world ate the way the
USA eats, humanity would exhaust all known global fossil fuel reserves in just seven years.
Pimentel detractors accused him of being off on other calculations by as much as 30 percent,
which would extend the seven years estimate into ten years. The rest of the world is adopting the
USA model: Mexico feeds 45 percent of its grain to livestock, up from 5 percent in 1960, Egypt
went from 3 percent to 31 percent in the same period, and China, with 1/6 of the world’s
population, has gone from 8 percent to 26 percent. These countries have poor people who could
use the grain for food, but they cannot afford to purchase it.

The grinding, milling, wetting, drying, and baking of a breakfast cereal requires about four
calories of energy for every calorie of food energy produced. A 2 lbs bag of breakfast cereal
burns the energy of a half-gallon of gasoline in its making. The food processing industry in the
USA uses 10 calories of fossil fuel energy for every calorie of food energy it produces. This does
not include the fuel used in transporting the food from the factory to the consumption centers nor
the fuel used by millions of people driving to thousands of super discount stores on the edge of
town.

A measure of the energy efficiency of food production that allows a comparison between
different farming practices is the energy consumed per unit output, often expressed as the energy
consumed per metric tonne of food produced (MJ/tonne) or the energy consumed per kilogram of
food (MJ/kg).

Energy consumed MJ
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A comparison of organic and conventional livestock, dairy, vegetable and arable systems
in the UK found that, with average yields, the energy saving with organic production, considered
as sustainable, ranged from 0.14 MJ/kg to 1.79 MJ/kg, with the average being 0.68 MJ/kg or 42
per cent. The improved energy efficiency is primarily due to lower fertilizer and pesticide inputs,
which account for 2 of the energy input in conventional potato and winter wheat production and
up to 80 per cent of the energy consumed in some vegetable crops. Many authors suggest that
the present food supply system is vulnerable, inefficient and unsustainable.

A general issue of energy use sustainability is revealed in a 2005 Land Stewardship Letter:
“Myth: Industrial Agriculture is Efficient” by the center for Integrated Agricultural Systems at
the University of Wisconsin, USA, suggesting that if both the distribution and production of food
are taken into account in the USA, it takes 10-15 calories of energy for each calorie of food energy
produced. The energy ratio or Eout/Ein in agriculture has decreased from being close to 100 for

traditional pre-industrial societies to less than 1 in most cases in the present food system, as energy
inputs in the form of fossil fuels, have gradually increased.

In terms of the amount of energy it takes to produce each calorie of food, industrial
farming systems are extremely inefficient. According to Richard Manning in a book: “Against
the Grain,” in 1940, the average USA farm produced 2.3 calories of food energy for every calorie
of fossil fuel energy it used. By 1974, that ratio was 1:1. Today, according to David Pimentel
from Cornell University, who has studied the environmental impacts of different cropping
systems, this ratio is 3:1.

This does not include the energy expended to process and transport the food to the
consumption centers. When both production and distribution are taken into account, it takes 10
to 15 calories of energy for every calorie of food energy produced, according to the Center for
Integrated Agricultural Systems at the University of Wisconsin. The more processing done to
food, the more energy it consumes: “It takes around 500 to 600 calories to process a kilogram of
flour or canned fruits and vegetables. A kilogram of breakfast cereal gobbles up more than 15,000
calories when it is processed, and instant coffee slurps nearly 19,000 calories.”

During the past half century agriculture has become increasingly dependent upon
abundant and cheap petrochemicals to perform important tasks from running cropping equipment
to manage stockpiles of liquid manure. It takes diesel fuel to operate tractors and other equipment,
and natural gas to produce fertilizer and pesticides. The USA Department of Energy estimates
that natural gas accounts for 70 to 90 percent of the cost of producing anhydrous ammonia, a key
source of nitrogen fertilizer necessary for corn growing. Farmers use energy to dry corn, irrigate
fields and transport their product to market. It takes fossil fuels to produce chemicals that control
insect and weed pests, as well as to heat and cool large livestock confinement structures.

On dairy farms in the USA, $8 out of every $10 spent can be traced back to oil. The
agribusiness magazine “Feedstuffs” ran an article on poultry production headlined: “Energy
projected to soon replace feed as biggest factor in production costs.” For USA crop farmers,
energy related expenses range from 10 percent to 30 percent of operating costs, depending on the
region of the country and type of enterprise, according to the USA Department of Energy. Such
dependence can only be tolerated as long as energy prices remain relatively low.

If the produced food is shipped hundreds and thousands of miles to reach the consumers,
much of their energy benefits are canceled out. A team of British researchers examined in “Food
Policy” the “externalized” costs, such as damage to the environment, traffic congestion and
human health hazards caused by vehicle emissions that are a part of a market basket of food in
the UK. Of the 12 commodities assessed, livestock products were the most costly on a per



kilogram basis. These external costs could be cut by 90 percent only with a shift to a local food
system, where food is consumed within 12 miles of where it is produced. Such a dramatic shift
in the food supply system is not likely any time soon, but may be imposed in the future by
dwindling fossil fuel supplies and increasing transportation costs.

Meanwhile, the USA farmer’s share of the consumer dollar amounted to just 19 cents of
every dollar spent on food. Grain farmers fared even worse with 10 cents of every dollar in a box
of cereal, with the 90 cents going to multinational grocery manufacturers.

The fears have become reality. On January 18 of 2007, President Felipe Calderon of
Mexico signed an accord with businesses to curb soaring tortilla prices, as the corn tortilla is “The
basic staple of the Mexican diet and is especially crucial for the poor.” The president meant: “To
protect Mexico’s poor from speculative sellers and a surge in the cost of corn driven by the USA
ethanol industry.” “The accord limits tortilla prices to 8.50 pesos or $0.78 per kilogram and
threatens to use existing laws to achieve prison sentences of up to 10 years for company officials
found hoarding corn. Tortilla prices were raised by 14 percent in 2006, more than three times the
inflation rate, and they have continued to surge in the first weeks of 2007.”

7.16 BIODIESEL FUEL
INTRODUCTION

Rudolf Diesel used peanut oil to fuel his early diesel cycle engines.

The USA economy is fueled by diesel fuel: 94 percent of the nation’s total freight is driven
by diesel vehicles. Nothing matches the diesel engine combination of durability, economy, engine
safety and continuous power under load. However, it has been observed that over time, low
lubricity fuels cause premature engine failure. The production of biodiesel results in the
accumulation of large quantities on glycerine from the esterization process, for which a use must
be found.

Biodiesel motors use more oil and frequently change their filters, which raises costs.
Biodiesel also has slightly less energy content than traditional diesel, meaning cars and trucks
tend to use more on any given trip. For economic competitiveness biodiesel must be priced at
less than conventional diesel fuel at the pump.

Biodiesel has the advantages of restoring the lost lubricity and of being free of sulfur
causing less pollution. Diesel fuel blends in the USA have had their sulfur content drastically cut
by The Environmental Protection Agency (EPA) because of pollution and air quality concerns.
A new EPA mandate reduces sulfur content in diesel fuels by 95 percent, from 500 ppm to 15
ppm. Accordingly, 80 percent of all diesel sold must be “ultra-low sulfur diesel”, or ULSD.

ENERGETICS OF CORN AND SOYBEANS AS BIOFUELS

Soybeans are raised for protein and oil production whereas corn is raised for carbohydrates
production. It takes more nitrogen to produce protein and oil physiologically than it takes to
produce carbohydrates. About 4.9 lbs of nitrogen are used per bushel of soybeans compared with
just 1.35 Ibs of nitrogen per bushel of corn. The nitrogen has to be fully supplied to the corn plant
as nitrogen fertilizer produced from a hydrocarbon such as natural gas, whereas soybeans are a
legume that fixes about 80 percent of its nitrogen needs from the air. The rest is absorbed from
organic matter or the nitrate flux in the soil.



For every unit of glucose a plant can produce 0.83 units of carbohydrate, whereas only
0.33-0.40 units of protein and oil can be produced. This implies that (0.83 —0.40) / 0.83 = 0.52
or 52 percent more energy is needed to produce a bushel of soybeans than it is needed to produce
a bushel of corn.

Another difference between corn and soybeans is related to the efficiency in energy
consumption in the photosynthesis process. Corn is C4 plant and soybeans as a C3 plant. Almost
1/3 of the efficiency in energy conversion is lost in a C3 crop compared with a C4 crop because
of photorespiration where O competes with CO> and it is lost. A soybean plant has to work twice
as hard and uses about 2 '5 times the amount of energy to produce a bushel of soybeans than it is
needed to produce a bushel of corn.

That extra need in energy for the soybean plant translates eventually into the price paid
for a bushel of soybeans being 2.25-2.5 times that of corn in the marketplace.

When a commodity is bought, it is essentially an energy product that is bought.

INTERNATIONAL PICTURE

The growing focus on climate change encourages biodiesel fuel since its emissions are
some 50 percent lower than diesel made from fossil fuels, according to the International Energy
Agency.

Corn, vegetable oil, animal fat, and sugar from sugar cane and beets have become eagerly
sought commodities. Concurrently to ethanol production from corn, biodiesel from vegetable fat
such as soybean oil, peanut oil, rapeseed, castor bean plant oil, and palm oil, as well as from
animal fat such as beef tallow and catfish oil, as well as restaurants waste oil, has increased by a
factor of 100 times from 1999 to 2004.

The world’s production of biodiesel fuel amounted to 5 million metric tonnes in 2006 and
is expected to reach 16 million tonnes by 2009.

Germany’s biodiesel sector, depending as rapeseed as a feedstock, has been a growth
success story using a tax free status of 9 euro cents per gallon, that has been recently discontinued.
After a decade of low level growth in the 1990s, production boomed since the turn of the
millennium: The amount of biodiesel produced in 2006 was 18 times the volume produced in
2000 at over 4.5 million tons, up from 250,000. The amount of rapeseed planted has skyrocketed.
Germany’s €2 billion biodiesel industry produces more than five times as much as Italy, its next
biggest competitor in Europe. The European Union has a plan to cut Europe’s CO» emissions by
20 percent by 2020 compared with the 1990 levels. The plan calls for 10 percent of European
cars and trucks to run on biofuel by then.

USA’S SITUATION, SOYBEANS AND ANIMAL FATS

There were 88 plants in the USA that produced an estimated 250 million gallons of
biodiesel in 2006, triple the 2005 production of 75 million gallons.

Global use of vegetable oils in fuel is expected to rise 17 percent in 2007 to 21.6 million
tons from 2006 and more than double the 8.7 million tons used six years earlier. That is almost
equal to the entire food consumption of vegetable oil in China, the largest consumer.

In the USA emphasis has been on the use of animal fats and soybeans for the production
of biodiesel. The soybeans are crushed into two main products: oil and meal. The apportionment
is Y4 oil and ¥4 meal. Soybean oil is used for human consumption such as for cooking oil. Nearly



all the soybean meal at 98 percent of the meal market is used for animal feed because of its high
quality protein profile. This amounts to over 32 million tons of soybean meal per year. This
corresponds to $9 billion worth of soybeans used for animal feed, compared with $6.2 billion for
international marketing and $0.75 billion for biodiesel production.

The poultry sector as broilers, egg layers and turkeys uses the most soybean meal at 16
million tons produced from 13.6 million acres. Hogs use the equivalent of 8.4 million tons
produced from 6.7 million acres. Beef and dairy cattle consume 4.5 million tons produced from
3.8 million acres.

RAPESEED OR CANOLA AS FEEDSTOCK

The crop which was all the rage in the 1980s, fell out of favor, but may undergo a
comeback. It is grown in Canada and the Northern Plains of the USA, The difficulty is that it has
to be hauled to a crushing plant in the state of Georgia. It is grown as a winter annual and can be
grown in a double crop rotation with soybeans in Southern Illinois.

The cultivation of rapeseed has turned the German landscape into a yellow color.
Rapeseed oil, converted into halfway decent diesel fuel when combined with methanol, was the
first vegetable based fuel to make its way into German gas tanks. German refineries have the
capacity to produce more than 3 million tons of vegetable oil based diesel annually, which is more
than 1/10™ of German diesel consumption.

Figure 22. Yellow colored rapeseed or canola field in Germany (left). Rapeseed or canola seed
(right).



Figure 23. Neckermann biodiesel factory in Eastern Germany. DDP photograph.

However, the German Federal Environment Agency gave devastating marks to early
domestic use of rapeseed. It contends that the environmental benefits of rapeseed derived
biodiesel are negligible. The energy content of the fuel obtained from the plant is largely offset
by the amount of energy that goes into operating agricultural machinery and producing and
applying pesticides and fertilizers. Rapeseed requires vast amounts of pesticides and fertilizer,
thereby consuming energy and adversely affecting the ground water supply.

PRODUCTION

The chemistry involves the conversion of fats or triglycerides to methyl esters. This is
blended by fuel distributors at varying rates with petroleum diesel fuel. There are state incentives
such as in Illinois for those who go beyond a 10 percent blend, giving them sales tax exemptions.

The oil containing seed is moved through a screw press or extruder which is
thermostatically controlled and electrically heated. Up to 90-95 percent of the oil is extracted
from the seed and is passed through a screen. The oil is pumped into a processing tank where the
right amounts of methanol, which is produced from methane CH4 or natural gas and potassium
hydroxide (lye) are added. Potassium hydroxide being an environmentally hazardous material, it
can be substituted-for by potassium chloride (potash) which is a common fertilizer. After
processing the resulting product is settled and the reaction products such as glycerin are drained
out. The oil is cleaned with a water wash resulting in the B100 product.

The leftover meal has 25-50 percent protein, depending on the seed used and can be fed
to livestock. It has a value of about $200 per ton.

Table 13. Oil production from different oil seed crops.

Ful oil oil Meal
. production | Oil content . production .
Oil Seed [USA [percent] production [USA production
p [Ibs/acre] [Ibs/ton]
gallons/acre] gallons/ton]




Pecan nuts 191 45-50 1344 123 1,100
Canola 133 40-45 975 110 1,200
Rapeseed 127 38-45 795 96 1,300
Peanuts 113 40-45 795 123 1,200
Camelina 102 40-45 750 123 1,200
Sunflowers 102 40-45 714 123 1,200
Safflower 83 38-45 585 98 1,200
Sesame 74 35-40 522 96 1,300
Mustard 61 35-40 430 96 1,300
Linseed, 51 35-40 359 96 1,300
Flax

Soybean 48 12-18 335 46.5 1,700
Cotton 35 30-35 244 82 1,400

Other oil seeds hold a better potential for fuel production compared with soybeans with
their low oil content, which are ranked as second after cotton in terms of gallons of fuel produced
per acre at 48, compared with canola at 133 and even pecan nuts at 191.

Soybeans, being legumes, fix their own nitrogen from the air, and do not need a nitrogen
fertilizer like corn. However methanol must be used in the esterization process.

The National Biodiesel Board in the USA estimated that biodiesel sales have grown from
2 million gallons in 2000, to 25 million in 2005.

An advantage of the use of biodiesel is that there is no need to convert the vehicle use as
in the case of corn ethanol. It is non-toxic and biodegradable. It has a high flash point at 350
degrees, so that it would not ignite unless a very high temperature is reached. It is lubricating to
the fuel injection pump in diesel engines.

One bushel of soybeans produces 1.5 gallons of biodiesel fuel. The large amount of
soybean meal left as a byproduct of soybeans based biodiesel is only 20 percent of crushed
soybeans is oil and will limit the use of soybeans in biodiesel production. Other oil seeds, such
as rapeseed, would have to fill the demand with less byproduct. Rapeseed will be sourced from
Eastern Europe in coming years.

Malaysia emerged as the biofuel leader in Asia with its exports of palm oil. After
approving 32 biodiesel refineries, it suspended further licensing while it assesses the adequacy of
its palm oil supplies. Fast rising global demand for palm oil for both food and biodiesel purposes,
coupled with rising domestic needs, has its government concerned that there will not be enough
of it to go around.

BIOFUEL FROM PEANUTS

As an alternative to soybean oil, peanut oil can be used for biodiesel production. The
choice of varieties with high oil content and low input costs such as those requiring no more than
a single herbicide application instead of the usual 3-4 treatments, and without the use of
fungicides, is imperative. Varieties with high oleic acid content, which is a desirable feature for
the extended shelf life of food peanuts, are also suitable for biodiesel.

Soybeans produce about 50 gallons of fuel per acre, while traditionally grown peanuts can
produce 120-130 gallons of biodiesel fuel per acre.



ALGAE AS A SOURCE OF BIODIESEL

Algae are among the fastest growing plants in the world, and about 50 percent of their

weight is lipid oil that can be used to manufacture biodiesel fuel.
Instead of growing algae in ponds that have a limited area for absorbing solar energy, a closed
vertical system of long rows of moving plastic bags is used. The system is called as Vertigro, a
joint venture between Valcent and Canadian alternative energy company Global Green Solutions.
By going vertical, one gets a lot more surface area to expose the cells to the sunlight and it keeps
the algae hanging in the sunlight just long enough to pick up the solar energy they need for the
photosynthesis process.

About 100,000 gallons of algae oil can be produced per year per acre, compared with
about 30 gallons per acre from corn and 50 gallons from soybeans.

The USA Department of Energy studied the process from 1978 to 1996. Scientists
experimented with algae in open ponds in California, Hawaii, and in Roswell, New Mexico.

The use of ponds involved a large land area, with inherent problems of evaporation and
contamination from other plant species and various flying and swimming animals.

There are about 65,000 known algae species, with hundreds of thousands more still to be
identified. Research involves determining what type of algae produces what type of fuel. One
species may be best suited for jet fuel, while the oil content of another may be more efficient for
truck diesel.

The Aztecs knew used algae as a high protein food. The common commercial use of algae
today is as a health food drink, usually sold as “Spirulina” flour.

Some algae reproduce sexually, some asexually, while many combine both modes. In
some green algae the type of reproduction may be altered if there are changes in environmental
conditions, such as lack of moisture or nutrients.

Locating algae processing plants intelligently can add to their efficiency. Locating algae
facilities next to carbon producing power plants, or manufacturing plants, for instance, the plants
could sequester the CO, they create and use those emissions to help grow the algae, which need
the CO, for photosynthesis.

The 2007 Energy Security and Independence Act includes language promoting the use of
algae for biofuels.

INDUSTRIAL HEMP

Hemp is indigenous to Asia and America and is highly productive for seed oil. Industrial
hemp has a high yield of oil per acre, which could make it the best crop for biodiesel fuel. It has
a short growing season, and it grows with virtually no chemical pesticides and herbicides. It has
a long taproot and involves a chemical free growing process. The stalks can be used for a
multitude of fiber applications, from ropes to cloth and paper.



Figure 24. Industrial hemp belongs to the cannabis family.

An impediment to the use of industrial hemp is that it is a member of the Cannabis sativa
L. species and have some similar characteristics to marijuana. The major difference is that hemp
contains only trace amounts of the narcotic substance delta-9 tetrahydrocannabinol or THC.

JATROPHA OIL

As a highly efficient, easy to grow biofuel source that has no direct effect on the global
food supply, the jatropha plant is a large shrub filled with golf ball size oily green fruit. It can
grow almost anywhere, and does not require an abundant water supply. It is inedible, resistant to
pesticides and is used in India to build hedges.

The Jatropha plants contains many toxic compounds such as lectin. Saponin, carcinogenic
phorbol and a trypsin inhibitor. The sap is a skin irritant. Ingesting as few as three untreated
seeds can be fatal. Small amounts of Jatropha can induce vomiting.

The Jatrophas curcas plant is also known as Habb Al Muluk (in Arabic: Grain of kings),
physic nut and pifoncillo. It is used to produce jatropha oil for making candles and soap.



Figure 25. Jatropha fruits.

To produce biodiesel, the seed is shelled, pressed and then the oil pressed out. The whole
seed can be used with its oil as feed to digesters and gasifiers to produce biogas for cooking and
in engines.

What is interesting is that jatropha oil can be poured right into a biodiesel fuel tank,
making it one of the low impact, high efficiency, natural biofuel sources. In addition it is one of
the least expensive potential sources of biofuel feedstocks.

The jatropha bush is an ugly, fast growing and poisonous weed. The hardy jatropha,
resilient to pests and resistant to drought, produces seeds with up to 40 per cent oil content. Every
hectare can produce 2.7 tonnes of oil and about 4 tonnes of biomass. Every 8,000 hectares of the
plant can run a 1.5 megawatt station, enough to power 2,500 homes.”

Jatropha grows in tropical and subtropical climates. Whereas other feed-stocks for
biofuel, such as palm oil, rape seed oil or corn for ethanol, require reasonable soils on which other
crops might be grown, jatropha is a tough survivor prepared to put down roots almost anywhere.
It can grow in the poorest wasteland, generating topsoil and helping to stall erosion, but also
absorbing carbon dioxide as it grows, thus making it carbon neutral even when burnt.

A jatropha bush can live for up to 50 years, producing oil in its second year of growth,
and survive up to three years of consecutive drought.

Jatropha plantations have been laid out on either side of the railway between Bombay and
Delhi, and the train is said to run on more than 15 per cent biofuel. Backers say that the plant can
produce four times more fuel per hectare than soybeans, and ten times more than corn.

Jatropha, a native of Central America, was brought to Europe by Portuguese explorers in
the 16" century and has since spread worldwide. An ingredient in folk remedies around the world,



it earned the nickname “physic nut”, but its sap is a skin irritant, and ingesting three untreated
seeds can kill a person.

Some fear that in areas dependent on subsistence farming it could force out food crops,
increasing the risk of famine. Some countries are also cautious for other reasons: Western
Australia banned the plant as invasive and highly toxic to people and animals.

Jatropha needs at least 60 cm or 23 in of rain a year to thrive. However, it can survive
three consecutive years of drought by dropping its leaves. It is excellent at preventing soil erosion,
and the leaves that it drops act as soil enriching mulch. The plant prefers alkaline soils. Each
jatropha seedling should be given an area two square meters. Twenty per cent of seedlings planted
will not survive. Jatropha seedlings yield seeds in the first year after planting.

Table 14. Price of different biofuels.

$/barrel of
Source

fuel
Jatropha 43
Sugar Cane 45
Corn 83
Sugar beets 100
Soybeans 122
Rapeseed 125
Wheat 125
Cellulose 305

CASTOR OIL

Castor oil is unique and is valued as a lubricant for heavy machinery, for making greases,
pharmaceuticals, and paints. It is also used as a food additive, in flavorings and candy as a mold
inhibitor, in the manufacture of soaps, lubricants, hydraulic and brake fluids, paints, dyes,
coatings, inks cold resistant plastics, waxes and polishes, nylon, pharmaceuticals, perfumes,
lubricant softeners and dyeing assistants.

A gene called RcDGAT may play a role in directing the castor plant to put the oil’s most
important component, known as ricinoleate, into it. Ricinoleate is safe and free of ricin, the castor
bean plants’ natural toxin. The word “ricin” in the name “ricinoleate” stems from the plant’s
scientific name: Ricinus communis.

Castor oil is extracted from the seed of the castor oil plant. The oil has a long and varied
history of use as a healing agent in folk medicine around the world. Castor bean seeds, believed
to be 4,000 years old, have been found in Egyptian tombs. Historical records reveal the medicinal
use of castor oil in Egypt for eye irritations, India, China (for induction of childbirth and expulsion
of the placenta), Persia (for epilepsy), Africa, Greece, Rome, Southern Europe, and the Americas.
In ancient Rome, the castor oil plant was known as Palma Christi, which translates into hand of
Christ.



Figure 26. Castor beans.

The castor oil plant is used for shade and fences in many parts of the world. It is a
medicinal plant whose oil is used as a laxative to relieve constipation with its major site of action
as the small intestine. Since it easily penetrates the skin, it is used as warm packs and rubs it is
used as a muscle relaxant to relieve sciatica muscle pain, skin eruptions, abdominal complaints,
headaches, inflammatory conditions, and lesions. Ricinoleic acid is the main component of castor
oil exerting anti-inflammatory effects.

CAMELINA SATIVA OIL

Biodiesel can be produced from the Camelina plant, which is an oil seed from the mustard
family.

The crop can grow on marginal land using little moisture and can provide a good rotation
crop in continuous small grains production systems.

Camelina is part of the brassicaceae family along with canola. Other more familiar
brassicaceae are cabbage and turnips.

Research shows that camelina is well suited to conditions in the Pacific Northwest,
requires low inputs of water and nutrients, and reduces disease, insect and weed pressure in wheat
fields planted the following year.

Camelina produces seeds that have high oil content. These seeds get crushed by a crusher
that squeezes out the oil, which is turned into cleaner-burning biodiesel. The leftover crushed
seed is a meal that goes to livestock as feed.



Figure 27. The Camelina Sativa plant.

FIELD PENNYCRESS, THLASPI ARVENSE, OIL

Field pennycress, also known as stinkweed, a winter annual, is a potential biodiesel feed
stock of the mustard family that is now largely viewed as a weed. Pennycress seed has about 36
percent oil content and can be planted as a double crop winter crop option following corn or
soybean harvest and harvested prior to spring planting. It has good agronomic characteristics of
low water and nutrient need and requires low or no herbicides.



Figure 28. Field pennycress, Thlaspi Arvense.

Pennycress has a fatty acid profile similar to that of soybeans, but its seeds contain about
36 percent oil. The remaining material after the extraction of oil or press-cake can be burned,
gasified or pyrolized into bio-oil.

An acre of pennycress can produce 95 gallons of biodiesel and another 95 gallons of bio-
oil. The crop can be planted in the early fall with an optimal planting date of September 1 to
October 15. The plant emerges and grows over the winter months. In April, the plant bolts and
produces a white flower which sets seed in May. The mature plant can be harvested in June and
followed by a soybean crop. It does not germinate until the next fall, causing no problems for the
soybean crop or other summer crops. The plant is heat dependent like corn, a warm spring would
be ideal for its growth.

As a biofuel crop, pennycress is a non-food crop that produces non-edible oil. It is grown
as a winter cover crop which means that no land will be taken out of corn or soybean production
to grow it. It can be followed as a winter cover crop by soybeans, but not corn since harvest would
be too late to follow it with corn. The crop can be planted and harvested using technology already
being used, including standard grain harvesting equipment.

Some varieties of pennycress are planted to remove heavy metals from soils at previous
industrial sites. It removes cadmium, lead and zinc from the contaminated soils.

Crop carryover where pennycress persists in the field has been noticed, but it has no
negative impact on the following crop or yield.

JOJOBA, SIMMODSIA CHINENSIS OIL

Jojoba is a perennial woody shrub native to the semiarid regions of southern Arizona,
southern California and northwestern Mexico. Jojoba is being cultivated to provide a renewable
source of a high quality oil.



The Native Americans extracted the oil from jojoba seeds to treat sores and wounds.
Collection and processing of seed from naturally occurring stands in the early 1970s marked the
beginning of jojoba domestication. In addition, the ban on the importation of sperm whale
products in 1971 led to the discovery that jojoba oil is in many regards superior to sperm oil for
applications in the cosmetics and lubrication industries.

The interest in jojoba worldwide is the result of the plant’s ability to survive in a harsh
desert environment. The utilization of marginal land that will not support more conventional
agricultural crops could become a major asset to the global agricultural economy.

Jojoba seed contains a light gold colored liquid wax ester which is the primary storage
lipid of the plant. This is unlike conventional oilseed crops, such as soybean, corn, olive, or
peanut which produce oils as the primary storage lipid. Jojoba wax makes up to 50 percent of the
seed’s dry weight. The physical properties of jojoba oil are: high viscosity, high flash and fire
point, high dielectric constant, high stability and low volatility. Its composition is little affected
by temperatures up to 570°F or 300°C. Jojoba oil contains straight chained Czo and C», fatty
acids and alcohols and two unsaturated bonds, which make the oil susceptible to many different
types of chemical manipulations. The extracted oil is relatively pure, non-toxic, biodegradable,
and resistant to rancidity.

Most jojoba oil produced in the U.S. today is sold at a high price for use in cosmetics and
hair care products. As many as 300 products containing jojoba have appeared in the USA in
recent years. As the supply of oil increases and price decreases, more uses will become
economically feasible. For example, the viscosity index of jojoba oil is much higher than that of
petroleum oil; therefore, it may be used as a high temperature, high pressure lubricant. The
stability of jojoba oil makes it attractive to the electronic and computer industries.

Since jojoba oil contains no cholesterol or triglycerides and is not broken down by normal
metabolic pathways, it may become an important low-calorie oil for human consumption. The
oil can be used as an antifoam agent in antibiotics production and as a treatment for skin disorders.
Other proposed uses include candles, plasticizers, detergents, fire retardants, transformers oil, the
leather industry and foe biodiesel production.

Figure 29. Jojoba plant and seed.

BAMBOO

Bamboo as a grass has the potential to significantly offset carbon emissions and be used
as an energy crop. It is stronger than steel and is a buffer against climate change in two ways: by



providing low-income communities with a material to build climate-resistant homes and by
sequestering carbon faster than other species such as eucalyptus. It also grows at the rate of 1.2
meters per day.

It is readily available in many of the world’s poorest countries, and is referred to as the
wise man’s timber, because it helps support the livelihoods of 1.5 billion people, grows fast, is
found across the globe, and is a significant source of trade dollars at about $5 billion per year.

China, India, and Vietnam are the main sources of bamboo for trade and there is talk of
developing schemes whereby bamboo stocks come labeled with a sustainability certification and

indication of the source country.
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Figure 30. Bamboo plants can grow at a rate of 1.2 meter per day.
BARLEY AS BIOFUEL CROP

Barley can be grown as winter cover crop, followed by other crops in the summer. Planted
in the winter, it would reduce water erosion and nitrogen leaching.

Barley grain can be used to produce ethanol, and the leftover byproducts as barley straw,
hulls and dry distiller grains can be used to produce bio-oil through pyrolysis. Fast pyrolysis uses
a fast burst of heat in the absence of oxygen for the conversion process. The bio-oil can be used
as transportation fuel or for producing the heat needed for the grain to ethanol conversion process.

Under laboratory conditions, one kg of barley straw and hulls yields Y2 kg of bio-oil with
an energy content half that of number 2 diesel fuel oil.

The energy content of bio-oil made from Distiller Dry Grain Solids, DDGS, including that
contaminated with mycotoxins which cannot be used to supplement livestock feed, produces bio-
oil that is 2/3 the energy content level of number 2 diesel oil.

However, bio-oil is more viscous and has a shorter shelf life than that produced from straw

or hulls.



A solid “biochar” byproduct is produced that could improve the water holding capacity
and nutrient content of soils. Adding it to soils can sequester carbon in the soil for thousands of
years.

THE FISCHER TROPSCH METHOD, BIOMASS TO LIQUIDS

Franz Fischer and Hans Tropsch, two chemists from Miilheim, Germany, devised a
process that uses catalysts to convert a synthetic gas derived from coal into gasoline or diesel fuel.
The process, which detractors derisively call the “Hans and Franz method,” wastes an enormous
amount of energy. In fact, the direct use of coal in modern power plants is far more efficient.
However, the Fischer Tropsch method aided politically isolated or poor countries that had plenty
of coal but lacked oil.

The first to benefit from it was Germany during World War II. Being rich in both hard
and brown coal, it built enormous liquefaction plants. Annual production volumes of about a
million tons of coal based fuel, which were enormous by contemporary standards, powered the
German’s war machine during World War II.

Anxious to secure its resources, East Germany, a state built on industrial labor and
agriculture, operated the German Fuel Institute (DBI), a center for coal processing in the mining
town of Freiberg. After German reunification the DBI left behind a group of scientists and
engineers who were highly specialized in a field abandoned by the West that offers the key to a
more efficient way of using biomass.

The method, called BtL, or “Biomass to Liquids,” closely resembles CtL or Coal to
Liquids, or the conversion of solid coal into liquid fuels. The central figures in the nascent BtL
sector are three former East German academics who each have their own technological approach
in this field.

Bodo Wolf, a former DBI engineer, who established Choren Industries shortly after
Germany’s reunification, is the first to get this type of industrial plant off the ground.

The two other key figures are university professors: Eckard Dinjus, a chemist who now
runs the BtL division at the Karlsruhe Research Center, and Bernd Meyer, Wolf’s former
colleague at DBI and now the director of an institute at the Technical University of Freiberg. The
two professors would rather see more research done on BtL before it makes the transition to
general industrial use. When they testified as experts at an official hearing, they advised the
government against providing Choren with loan guarantees.

Wolf’s model has a substantial weakness: Initially, it will only run reliably with wood, a
raw material that will become scarce in the foreseeable future and one that has gotten more
expensive since residential wood heating systems became popular in Germany.

The first plant will also be relatively small, consuming 75,000 tons of shredded tree
material a year. This is a quantity that can be derived from recycled wood and waste from the
forestry industry.

Sourcing raw materials for the bigger plants Choren envisions as its next step will be a lot
more challenging. To achieve an estimated annual output of 250 million liters of diesel fuel, these
plants will need 1 million tons of dry biomass. Choren has been eyeing a possible site in Lubmin,
directly adjacent to the remains of the Greifswald nuclear power plant, but the company is also
considering building its larger plants near the western German town of Brunsbiittel.

Both sites are well-positioned geographically for bringing in last-minute shipments of
wood from Scandinavia or Russia when local supplies run low. But local, high-turnover tree



farms would serve as the normal source of wood. Fast growing trees like willows could be planted
in the region surrounding the refinery to meet the plant’s requirements. About 90 farmers, each
cultivating about 1,000 hectares or 2,471 acres of land; a total area about the size of Berlin, would
have to switch to growing nothing but trees.

The skeptics suggest that anyone who grows trees is making a long term commitment.
Within a few years, the ground becomes a tangle of roots and is difficult to convert back into
normal farmland.

INCENTIVES AND SUBSIDIES

Biodiesel B100, defined by ASTM-6751 International, is an established fuel that can
replace petroleum-derived diesel fuel. The two fuels are blended in blends of B2 with 2 percent
biodiesel, BS and B20. These blends are subject to the same engine performance and emissions
standards as petroleum based diesel.

Biodiesel usage credits were created by the USA Federal Government, in the 2004 Federal
transportation bill, rebating Federal motor fuels excise taxes. Blenders are eligible for a tax credit
of $1.00 per B100 gallon if the fuel is made and used on the farm. The USA Department of
Agriculture (USDA) grants 25 percent of the costs of an installation as well as offers a loan
guarantee of up to 50 percent.

QUALITY ISSUES

Quality is important when ethanol is reacted with soybean oil to produce methyl esters.
The product is biodiesel and glycerin. Too much glycerin would cause engine filters clogging
when the temperature drops in the winter season. The production goal is no more than 0.08
percent total glycerin in the fuel.

Another quality issue is the acid value of the product, since soybean oil has a tendency to
degrade over time, and it is necessary to keep the product within its technical specifications. An
antioxidant must be used in the manufacturing process to prevent the oil from going rancid over
time.

The ultra-low sulfur biodiesel fuel in use possesses completely different properties than
the regularly used diesel fuel. It has a high wax content, is a lot drier as a lubricant, and does not
resist algae growth in storage tanks. It does not perform as well with the cold flow additives as
the petroleum based fuel. Testing has revealed that some biodiesel samples do not meet technical
specifications and that it reacts differently than the usual diesel fuel, particularly under cold
weather conditions. In the winter of 2005, out of specification biodiesel in Minnesota caused
filter plugging in some vehicles. In response, the state’s requirement that 2 percent of its diesel
fuel should contain biodiesel was temporarily suspended.

Environmental groups have given the nod of approval for biodiesel on the basis that it
reduces 41 percent less greenhouse gas emissions than diesel fuel, compared with corn ethanol
that reduces them by 12 percent. Hydrocarbon emissions are reduced by 30 percent, carbon
monoxide by 20 percent and sulfur compounds associated with acid rain by 20 percent. However,
it requires the use of methanol from natural gas and water for washing the product.

DISCUSSION



The use of oil that is not of edible grade, waste oil from restaurants and food processing
and animal fat that could be processed into biodiesel is a desirable process since this avoids the
problem of disposing of them. The economics of these oils as biofuel on a marginal basis are
excellent.

However, the value of edible oils as food is much higher than their value as fuel.
Expecting soybeans, coconut or palm oil to replace the diesel fuel market is shooting for the stars.

BUTANOL

Butanol production dates back to World War I where it was produced in the UK as a
precursor for manufacturing acetone for smokeless gun powder, and as a fuel for tanks and trucks.

The process, using a different fermentation bacterium than ethanol was mothballed in the
1950s when it became cheaper to crack butanol from oil.

It is being reconsidered with modern fermentation technologies and controls as a second
generation liquid fuel after ethanol. It has good solubility characteristics, unlike ethanol. It has
a better energy density than ethanol. It can be transported in pipelines instead of in trucks and
railroad cars like ethanol.

SUGAR CANE ETHANOL

Some countries which are self-sufficient in oil production such as Brazil have been
supplementing their oil production over 30 years with government subsidized alcohol produced
from sugar cane, which does not require a nitrogen fertilizer like corn, as a transportation fuel.
Corn is mostly starch that has to be converted to sugar by a malt enzyme and energy is used to
drive the fermentation process. Brazil starts out with cane juice ready for fermentation.

Brazil with its tropical climate plants several crops per year of sugar cane that is specially
bred for the purpose. It is cultivated on a 6-7 year cycle, and its growth and cultivation requires
far fewer inputs of manufactured nutrients than corn. Sugar cane fixes nitrogen from the air
through the Gluconacetobacter diazotrophicus bacteria, and does not require a nitrogen fertilizer
like corn. Sugar cane cultivation uses about 1 percent of Brazil’s arable land, and tends not to be
a significant cause of soil erosion, because the soil remains covered all year round. Most sugar
cane fields in Brazil are not irrigated, and the sugar cane is watered solely via rainfall. Almost
all of the sugar cane stubble left from making ethanol is fed to animals, mulched, or returned back
to the soil.

In 2005, Brazil with increased oil production from its newly discovered Campos oil basin,
90 miles off the coast at Rio de Janeiro, exported 684 million gallons of ethanol; a 10 fold increase
over 2000. It has a physical capacity to export 2.2 billion gallons/year, but shipping capabilities
are lacking.

Brazil’s gasoline consumption is 4 billion gallons per year, which is supplemented by
ethanol consumption of another 4 billion gallons. The gasoline consumption in the USA is about
140 billion gallons per year. Brazil’s combined gasoline consumption is thus: (4+4)/140 = 0.057
or 5.7 percent of the USA’s consumption. Meeting a demand of 4 billion gallons is minimal
compared with 140 billion gallons.

James Hill and coworkers from the University of Minnesota published online on July 11,
2005, a paper in the Proceedings of the National Academy of Science showing that biodiesel
returns 93 percent more energy than is used to produce it, while corn ethanol provides a lesser 25



percent more energy. On close scrutiny this 25 percent excess energy is attributed to the dry
soluble distiller solids byproduct, which is perishable unless dried and promptly shipped to the
consumption centers and in excess supply. In estimating the energy balances, the researchers
assert that they took under consideration the inputs for producing the fuels as well as the products
and co-products that are produced. They included the energy required to produce the tractors and
other equipment used on the farm to produce the corn and soybeans feed stocks and the energy
used to build an ethanol or biodiesel facility.

Author Byron King comments: “The USA is wasting its resources and time in a
boondoggle effort to make significant amounts of transportation fuel from corn that will
eventually prove to be futile. The American political class needs to stop viewing Peak Oil, and
the ominous future energy situation of the world, as just another political issue. It is long past
time to get rational and serious about developing a long term energy policy for the country.
Subsidized ethanol is just another way to buy the farm vote.”

Farmland is disappearing across the world at an alarming rate. Hundreds of thousands of
acres are falling victim to urbanization and water and wind erosion. The USA has been losing
about an acre of farmland per minute. Between 2002 and 2007, 4,080,300 acres of agricultural
land were converted to other developments; an area equal to the size of the state of Massachusetts.

THE FOOD AND ENERGY ECONOMIC CONNECTION

According to Lester Brown, the president of the Earth Policy Institute in Washington DC
and the author of “Plan B 2.0: Rescuing a Planet Under Stress and a Civilization in Trouble,”
cars, not people, claimed most of the increase in world grain consumption in 2007. The USA
Department of Agriculture projected that world grain use will grew by 20 million tons in 2006.
Of this, 14 million tons were be used to produce fuel for cars in the USA, leaving only 6 million
tons to satisfy the world’s growing food needs.

In some USA Corn Belt states, ethanol distilleries took over the corn supply. In Iowa
alone, 55 ethanol plants are operating or have been proposed. Iowa State University economist
Bob Wisner observes that if all these plants are built, they would use virtually all the corn grown
in Iowa. In South Dakota, ethanol distilleries are claiming half of the corn harvest.

Japan, Egypt, and Mexico are worried that the reduction in USA corn exports; 70 percent
of the world total, will disrupt their livestock and poultry industries. In sub-Saharan Africa and
in Mexico, corn is the staple food. In the United States corn supplies sweetener for soft drinks
and is used in breakfast cereals, but most corn is consumed indirectly. The milk, eggs, cheese,
chicken, ham, ground beef, ice cream, and yogurt in the typical refrigerator are all produced with
corn.

Whenever the food value of a commodity drops below its fuel value, the market converts
it into fuel. Brazil, the world’s largest sugar producer and exporter, is converting half of its sugar
harvest into fuel ethanol. Despite only 10 percent of the world’s sugar harvest going into ethanol,
the price of sugar has doubled.

The European Union (EU) produced 1.6 billion gallons of biofuels of which 858 million
gallons were biodiesel, produced from vegetable oil, mostly in Germany and France, and 718
million gallons were ethanol, most of it distilled from grain in France, Spain, and Germany.
Margarine manufacturers, competing with subsidized biodiesel refineries, have complained to the
European Parliament.



China and India are building ethanol distilleries. In 2005, China converted some 2 million
tons of grain as corn, wheat and rice into ethanol. In India ethanol is produced largely from
sugarcane. Thailand is concentrating on ethanol from cassava. Malaysia and Indonesia are
investing heavily in palm oil plantations and in new biodiesel refineries. Malaysia has approved
32 biodiesel refineries, but recently has suspended further licensing while it assesses the adequacy
of palm oil supplies.

Biofuel production threatens to draw grain away from the production of beef, pork,
poultry, milk and eggs, and to reduce grain available for direct human consumption. By the end
of 2007 the emerging competition between the 800 million automobile owners who want to
maintain their mobility and the world’s 2 billion poorest people who want simply to survive will
be on center stage.

Higher grain prices are inevitable. The prices of wheat and corn hit historical highs. For
the 2 billion poorest people in the world, many of whom spend half or more of their income on
food, these rising prices can quickly become life threatening. Food riots and political instability
in lower-income countries that import grain, such as Indonesia, Nigeria, Mexico, Haiti, Egypt,
the Phillipines and Cameroon and scores of other countries, could disrupt global economic
progress.

An ethanol plant of 100 million gallons capacity in Linden, Indiana, requires 10,000
railcars of corn per year which would have gone for export to the southwest to feed livestock and
poultry.

Dedicating all current USA corn and soybean production to biofuels, which is an
impossibility, would only meet 12 percent of gasoline demand and just 6 percent of diesel
demand.

According to Howard L. Simmons at Bianco Research, even if 100 percent of the world’s
vegetable oil production were diverted to biodiesel, it would only displace 27 days of current
diesel and fuel oil consumption. If the entire USA corn crop were distilled for ethanol and none
used for human consumption, only 85 days of gasoline use would be displaced. Similarly, the
global sugar cane production is equivalent to 113 million metric tonnes of ethanol, compared with
the global gasoline consumption of 982 million metric tonnes.

Howard L. Simmons stipulates: “As much as drivers everywhere want cheap fuel, most
want to eat on occasion. Where does that leave us? The combination of high conventional energy
prices and government mandates are going to put fuel claims on what had been the sole province
of food claims. This means that energy prices will drive agricultural prices and the energy
markets impact on agricultural prices will be far stronger and more immediate than will the food
market’s impact. And as seen before, any downturn in the conventional fuel market will render
biofuels uneconomic very quickly.”

He adds: “The prospect is unsatisfying. If high prices strengthen energy’s claim on food
supplies, governments everywhere will intervene on behalf of hungry citizens. If low prices
torpedo biofuels economics, governments everywhere will respond with subsidies for those
industries. Only an elimination of current mandates and subsidies today will avoid these problems
tomorrow, but the likelihood of this happening is near zero. Somehow, I believe we will rue the
day when we decided to make food and fuel substitutes at the margin.”

One hopes that innovations such as corn fractionation and biomass gasification will
emerge as partial solutions to the problem.

EFFECTS OF AGROFUELS ON WEATHER



Several factors can alter the seasonal cycle of exchanges of water and energy between the
land and the lower part of the atmosphere. Perennial grasses use more water early in their growing
season than corn and soybean plants. As the land surfaces are changed for agrofuel crops, the
characteristics of the seasonality of the vegetative growth and water use are changed.

A NASA study at South Dakota State University addresses the issue of the change in
regional weather patterns as a result of shifts in plantings. At the university’s Geographic
Information Science Center of Excellence considered different scenarios in South Dakota, North
Dakota, Nebraska, Western Minnesota and Northern Iowa.

A move toward widespread use of perennial grasses could increase the potential for large
expanse wildfires. Grasslands fires initiated by lightning strikes were common in the tall grass
prairies thousands of years before modern settlement. After building their homesteads, the first
priority of settlers was to surround their dwellings with some form of firebreak around the
settlements. Fire is used today just locally in managing grazing ground.

Dried grasses such a switchgrass are highly flammable and are a hot fuel source with farm
equipment easily providing a spark for their ignition, particularly in regions with a sustained
winds leading to large grass fires that are fast and furious.

If the hazards are recognized and well understood, then anticipatory measures ahead of
the curve for their mitigation and minimizing their risks can be addressed, instead of just a reactive
mode response after their occurrence.

ALPHA-AMYLASE GENETICALLY MODIFIED CORN

Genetically modified commercial corn with an incorporated alpha-amylase enzyme gene
would make it easier to convert it into ethanol, lowering the cost of the process. It was being
developed by the Syngenta AG Company from Switzerland.

However, safety advocates fear that the gene would be transferred to human food, since
the enzyme could trigger allergies in people exposed to the crop.

CATACLYSMIC PROJECTIONS

A Pennsylvania farmer is quoted as: “It looks like we’re going to burn up the last
remaining six inches of Midwest topsoil in our gas tanks;” a variation of the “Red Queen
Syndrome” from Alice in Wonderland in which one has to run faster and faster to stay in place.

In 2006, the average household yearly income of farmers at $77,654 was about 17 percent
above the USA average. It was expected to reach $90,000 in 2008. In a debate about the 2008
Farm Bill and its subsidies, Independent Institute Senior Fellow William F. Shughart II jumped
in to defuse an awkward situation by telling the old joke about: “How to starve a farmer?” Answer:
“Weld his mailbox shut so he can’t collect his government checks.”

Syndicated columnist Alan Guebert suggests that the biofuels boom has the hunger
advocates concerned. An adage criticizing the heavily subsidized ethanol effort notes that
Americans would rather make fuel to drive to Disney World than “feed the world.” He suggests:
“True; America, 5 percent the world population, burns 45 percent of world’s gasoline. Our thirst,
because of our wealth, is insatiable. Well, at least as long as we have corn.” He adds: “ But
bigger will not be better if $4 corn drives 15 percent of the livestock sector into bankruptcy, a



large chunk of American soybean production is exported to South America and SUV owners are
stupidly promised $2 gas through 2025.”

7.17 FADING OF THE AGRO-FUELS RUSH

Some governments in 2008 began to respond to the chorus of criticism about the
unsustainability of biofuels and the assertion that they are even more harmful to the environment
than conventional fossil fuels. In the autumn of 2007 the Canadian province of Québec
announced that it would cease building plants to produce the biofuel ethanol. The UK’s House
of Commons Environmental Audit Committee called for a stop in the increase of biofuel use.
According to committee chairperson Tin Teo: “Biofuels can reduce greenhouse gas emissions
from road transport. But at present, most biofuels have a detrimental impact on the environment
overall.”

Dr. Andrew Boswell, a Green Party councilor in England and author of a study on the
harmful effects of biofuels suggested that: “The biofuels route is a dead end. They are going to
create great damage to the environment and will also produce dramatic social problems in tropical
countries where many crops for biofuels are grown. There basically isn’t any way to make them
viable.”

The evidence against biofuels marshalled by environmentalists appears quite damning.
Advertised as a fuel that only emits the amount of CO, that the plants absorb while growing;
making it carbon neutral; it actually has resulted in a profitable industrial sector attractive to
countries around the world. Vast swaths of forest have been felled and burned in Argentina and
elsewhere for soybeans plantations. Carbon-rich peat bogs were drained and rain forests
destroyed in Indonesia to make way for extensive palm oil farming.

Because the forests are often torched and the peat rapidly oxidizes, the result is huge
amounts of CO; being released into the atmosphere. Healthy peat bogs and forests absorb CO»
and are carbon sinks, making their disappearance doubly harmful.

The Stern Review on the Economics of Climate Change, released in October 2006,
estimated that deforestation and other comparable land use changes accounted for 18 percent of
all greenhouse gas emissions around the world. Biofuels accelerate that process.

Greenpeace agricultural specialist Alexander Hissting suggested: “We are causing a
climate catastrophe by promoting agro-fuels. We are creating a huge industry in many parts of
the world. In Indonesia, something akin to a gold rush has broken out.” He used the term agro-
fuels that Greenpeace prefers to use.

The European Union has taken notice of the gathering biofuels storm. Its plan of 10
percent goal of energy production on agro fuels was made dependent on whether “production is
sustainable.” The EU also made it illegal to use biofuels made from crops grown in nature
reserves or in recently clear cut forest lands. Crops grown in places valuable as carbon sinks were
also to be avoided.

Environmentalists noted that emissions were not the only serious problem created by the
biofuels boom. Even crops grown in northern climates, like corn in the USA or rapeseed in
Germany and the rest of Europe, harbor major hazards to the climate. Both corn and rapeseed are
voracious consumers of nitrogen, leading farmers to use large quantities of nitrous oxide
fertilizers. But when nitrous oxide is released into the atmosphere, it reflects 300 times as much
heat as carbon dioxide does. Paul J. Crutzen, who won the 1995 Nobel Prize in chemistry,
estimates that biodiesel produced from rapeseed can result in up to 70 percent more greenhouse



gas emissions than fossil fuels. Corn, the preferred biofuel crop in the USA, results in 50 percent
more emissions, according to Paul J. Crutzen.

Another issue receiving increasing attention is that of rising food prices as foodstuffs are
turned into fuel. Price increases for soybeans and corn hit developing countries particularly hard.
Indeed, there have already been food price riots in Mexico, Morocco, Senegal and other
developing countries. While the price increases cannot be pinned entirely on biofuels, it has
certainly played a role. In October 2007, the United Nations’ Special Rapporteur on the Right to
Food Jean Ziegler called for a five year moratorium on biofuels to combat rising prices.
According to Ziegler: “Using arable land for biofuels is a total disaster for those who are
starving.”

When the 2005 Renewable Fuel Standard (RFS), which set forth a minimum annual
volume of renewable fuels nationwide, was first introduced, one of the primary arguments for
mandating ethanol use was that it was a greener, more environmentally friendly source of fuel
that released fewer greenhouse gasses into the atmosphere. Researchers reached the conclusion
that, when the entire production process is taken into account, most green biofuels actually emit
more greenhouse gasses than traditional fuels.

Some proponents of the ethanol mandate argued that the requirement was nonetheless
necessary in order to spur demand for and development of more advanced, environmentally
friendly biofuel like cellulosic ethanol, which is converted into fuel from corn-farm leftovers.
Two serious problems with cellulosic ethanol.

The first is that cellulosic ethanol turns out to be rather difficult to produce; despite EPA
projections that the market would produce at least 5 million gallons in 2010 and 6.6 million in
2011, the USA produced exactly zero gallons both years and just 20,069 gallons in 2012.

The second is that cellulosic ethanol is also bad for the environment. At least in the short-
term, the corn-residue biofuels release about 7 percent more greenhouse gases than traditional
fuels, according to a federally funded, peer-reviewed study that appeared in the journal Nature
Climate Change in April 2014.

Another study published recently in Nature Geoscience found that in Sdo Paulo, Brazil,
the more ethanol that drivers used, the more local ozone levels increased. The study is important
since it relies on real-world measurements rather than on models, many of which predicted that
increased ethanol use would cause ozone levels to decline.

Ethanol requirements are bad for cars and drivers. Automakers say that gasoline blended
with ethanol can damage vehicles by corroding fuel lines and injectors. An ethanol glut caused
by a misalignment of regulatory quotas and demand has helped drive up prices at the pump. And
the product is actually worse: ethanol blends are less energy dense than regular gasoline, which
means that cars relying on it significantly worse mileage per gallon.

The global poor have it far worse. Ethanol requirements at home have helped drive up the
price of food worldwide by diverting corn production to energy, which dramatically reducing the
available calorie supply. A 25-gallon tank full of pure ethanol requires about 450 pounds of corn
which is equal to the amount of calories required to feed someone for a year.

Some 40 percent of the USA corn crop went to ethanol production, which in effect meant
that food was used for automobile fuel rather than eating it. Studies by economists at the World
Bank have found that a one percent increase in world food prices correlates with a half-percent
decrease in calorie consumption amongst the world’s poor. When the world’s food prices spiked
over the 2007-2008 period, about 20-40 percent of the effect was attributable to increased global
reliance on biofuels.



Ethanol requirements have few serious defenders except the people who profit from its
production and the politicians who rely on those people for votes and campaign contributions. An
EPA proposal would reduce the amount of renewable fuels the agency requires in 2014 from
18.15 billion gallons to 15.2 billion gallons.

7.18 UNITED NATIONS POSITION ON THE GLOBAL USE OF AGRO-
FUELS

Regan Suzuki of the United Nation’s Food and Agriculture Organization (FAO)
acknowledges that agro-fuels are friendlier to the environment than fossil fuels and that they could
enhance the energy security for many countries. However, he argues that those benefits must be
weighed against the possible pitfalls that are just appearing as their implementation is spreading.

One major pitfall is that countries are converting millions of acres to palm oil, sugar cane
and other crops for agro-fuels, which have become a flashpoint through which a wide range of
social and environmental issues are playing out.

The main concern is the increased competition for productive as well as marginal
agricultural land which has caused increased prices for corn, wheat and soybeans in the USA and
Mexico and could lead to food shortages in developing countries.

India and China could face worsening water shortages since agro-fuels require large
amounts of water.

Forests in Indonesia and Malaysia could face threats from the expansion of palm oil
plantations. In the Asia-Pacific region, land availability is a particularly critical issue since
tropical and subtropical countries possess a comparative advantage in growing agro-fuels, yet this
is where the land rights of vulnerable groups and protected forests are the weakest.

Initially, agro-fuels were considered as a panacea for countries struggling with the rising
cost of depleting oil or those looking to reduce greenhouse as emissions. The European Union,
for instance, plans to replace 10 percent of its transportation fuel from energy crops such as canola
and sugar cane by 2020.

Lately, scientists and private agencies have realized the possible pitfalls from the rush and
have come to a realization that agro-fuels could cause more harm than good. The argument is
that rather than protecting the environment, energy crops can destroy forests that actually store
carbon and are thus a key element in the effort to reduce global climatic change.

Accordingly, plans to mandate agro-fuels for transport without weighing the potential
risks are being rolled back. Thailand delayed the introduction of diesel fuel blended with 2
percent biodiesel because of palm oil shortages.

The Philippines is considering shelving a biofuels law over the concerns about the
negative environmental effects.

India is facing local opposition and criticism about its plans to plant 30 million acres of
the Jatropha shrub-like plants for biofuels by 2012, which could force communities out of their
lands and worsens deforestation. It is doubtful that it will be able to find the 100 million acres of
vacant lands that are eventually planned to be planted. In addition, according to Varghese Paul,
a forest and biodiversity scientist at the Energy and Resources Institute in India, the dependence
on a single species is dangerous: “An outbreak of pests and diseases could wipe out entire
plantations in one stroke.”

7.19 GREENHOUSE EMISSIONS FROM LAND USE CHANGES



A study published in Science on February 7, 2008 challenges the adoption of agrofuels as
a response to global warming. Past studies showing the benefits of ethanol in combating climate
change have not accounted almost certain changes in land use worldwide; if ethanol from corn
and from other cellulosic feed stocks become a prized commodity.

The study was supported by NASA’s Terrestrial Ecology Program and by the Flora
Hewlett Foundation and authored by scientists affiliated with Iowa State University, Princeton
University, the Woods Hole Research Center, the German Marshall Fund of the United States and
the Agricultural Conservation Economics institute. According to the study: “Using good cropland
to expand biofuels will probably exacerbate global warming.” The researchers contend that
farmers under economic pressure to produce biofuels will increasingly “Plow up more forest or
grasslands,” releasing much of the carbon formerly stored in plants and soils through
decomposition or fires.

Globally, more grasslands as savannahs and forests will be converted to growing the crops
to replace the loss of grains when the USA farmers convert land to biofuels.

The December 2007 energy legislation in the USA mandating the increase of ethanol use
6 times to 36 billion gallons/year by 2022, calls the requirement as key to weaning the nation
from imported oil. The new “green” fuel from corn has been widely promoted as a clean fuel
producing 20 percent less greenhouse gases in production, transportation and use than gasoline
and that cellulosic ethanol has an even greater benefit of 70 percent less emissions.

The study maintains that these analyses “were one-sided” and counted the benefits of
using land for biofuels but not the carbon costs of diverting land from its existing uses. After
taking into account expected worldwide land use changes, corn based ethanol instead of reducing
greenhouse gases by 20 percent, will increase it by 93 percent compared to gasoline over a 30
years period.

Even cellulosic agrofuels from switchgrass, if they replace croplands and other carbon
absorbing lands would result in 50 percent more greenhouse gas emissions.

Tim Searchinger, a lead study author from Princeton University’s Woodrow Wilson’s
School of Public and International Affairs maintains that: “The other studies missed a key factor
that everyone agrees should have been included, the land use changes that actually are going to
increase greenhouse gas emission,” and: “Use the right biofuels, but do not require too much too
soon. Right now we are making almost exclusively the wrong biofuels.”

The alternative is a focus on biofuels from waste products such as garbage which would
not result in changes in agricultural land use.

The study prompted a letter sent to leaders in Congress and the President of the USA by
a dozen scientists who urged them to pursue a policy “that ensures biofuels are not produced on
productive forests, grasslands or cropland.”

A great effort is directed towards following a politically correct, yet unrealistic disastrous
notion of producing agro fuels. These must be considered at best as a stopgap measure along the
road to developing sustainable energy systems depending on wind, solar, agroforestry and nuclear
processes that are a serious solution to the energy problem.

7.20 FRESH WATER DEPLETION AND RECHARGE

An important saying describes the energy and water nexus or energy and water balance:
“It takes a lot of water to make oil, and it takes a lot of oil to make water.”



Fossil fuels depletion is sometimes compared with fresh water depletion. In water
hydrology and aquifer management, some hydrologists argue that a higher water discharge rate
from a water aquifer should be encouraged, since it would lead to a higher recharge rate. Their
argument is that the aquifer acts as a sponge. Ifit is squeezed, it will further absorb more surface
water instead of having it lost to runoff and river flow. The fallacy here is that it is assumed that
there exists an infinite supply of water falling as rain and recharging the aquifer. The analogy to
a sponge may be partially true in a wet environment, except maybe in drought periods, but is
definitely not true in an arid environment, where the discharge rate would exceed the recharge
rate.

The water balance equation of a wet region can be calculated as an equation over a period
of time as follows:

P=Q+ET=+AS
where:
P = Precipitation (mm/year);
Q = Streamflow or Runoff (mm/year);
ET = evapotranspiration (mm/year);
AS = Change in the amount of storage or depletion in the watershed (mm/year).

A measure of an aquifer’s utility is its safe yield, or the amount of water that can be
pumped without adverse effects on the water left in storage. This is considered to be equal to the
annual recharge rate for the aquifer.

In the case of a wet environment a sustainable rate of production is considered as equal to
the estimated runoff rate assuming that it would seep into the ground to replace the discharge rate.
Such an assumption may be also false if impervious clay soils are predominant in the subsurface
profile, which is commonly the case, since they would limit the seepage into the aquifer except
at thin vertical lenses of sand and gravel along rivers and waterways. These would possess almost
infinite permeability, but are localized in nature, invalidating the assumption of uniform recharge
from runoff as a convenient fallacy.

Still, the main difference here is that an aquifer can be recharged, but an oil field has
already been charged once in the distant past and cannot be recharged, if one accepts the belief
that hydrocarbon reservoirs are biogenic in nature resulting from the decay of ancient plants and
animals.

7.21 FOSSIL FUELS DEPLETION

Fossil fuels represent an accumulation of over 500 million years of geological time, and
any supplemental accumulation in the next few thousand years are just negligible. When these
fuels are burned their ashes remain as the constituent minerals on Earth, but their energy content
that is converted into heat or infrared radiation that leaks from the earth as long wave length and
low temperature radiation.

Geologists argue that we are thus dealing with an essentially fixed storehouse of energy
that we are depleting at a monumental rate. The amount available at any given time is equal to
the amount initially present less what has already been consumed. The amount consumed up to
a given time is the integral of the area under the curve of annual production plotted against time.
This amount can approach but can never be equal to the total amount present. Geologists



announce with certainty that the production curve of any type of fossil fuel will rise, reach one or
more maxima, and then asymptotically decrease to zero in such a way that the total amount under
the curve must be equal to or less than the amount initially present.

Economists argue that as the production of a fuel source peaks, human ingenuity replaces
it with another source of energy that inevitably follows the same shape. Wood fuel followed such
a shape after England during the industrial revolution in England. When its woods and forests
were denuded, it was discovered that black rocks called “sea coles” would burn, introducing coal
as a source of energy. The discovery of oil replaced coal, but is itself reaching a peak. The new
forms of replacement energy within our technological capability and on the horizon are
unquestionably high energy density nuclear fission and geothermal and low energy density direct
solar, and indirect solar hydroelectric, wind and biomass. In the long term, the energy source of
the stars including our very own sun; nuclear fusion, is the ultimate alternative.

Oil statistics can include the Reserves to Production (R/P) ratio. It would appear that this
is a measure of how long the oil will last. This is misleading because this assumes that production
will remain constant until the last drop is produced.

What happens when an oil reservoir is discovered follows a general history. At first,
production grows exponentially as each new well adds its output. Eventually production for the
oil field reaches a peak as each new well produces less oil and the older wells run dry. Then there
is an exponential decay as more and more wells run dry. The productivity of a particular well is
described by the Dupuit’s equation and depends on the rate at which oil flows horizontally toward
the well head, the effective well radius the pressure within the oil bearing formation and the
viscosity of the oil. There is an optimum rate of production for any well. If oil is produced too
fast, the amount ultimately produced is reduced. The productivity curve of the oil field looks like
a growing then decaying exponential with the midpoint corresponding to the point when half of
the oil is produced.

7.22 THE USA AND THE GLOBAL HUBBERT PEAK

Marion King Hubbert, a geophysicist with the USA Geological Survey in Reston,
Virginia, was recognized as a world authority on the estimation of energy resources and on the
prediction of their discovery and depletion patterns. He also acted as an Associate Director in the
exploration and production research division of the Shell oil company. He worked for a period
at the Illinois Geological Survey in Champaign, Illinois.

He presented an article titled: “Energy from Fossil Fuels,” in a Symposium on Sources of
Energy, held in Washington, DC on September 15, 1948, during the Centennial Celebration of
American Association for the Advancement of Science (AAAS), which later published it in its
archival Journal: “Science.”



In a graph presented by Marion King Hubbert he assumes that oil depletion follows the
shape of a Normal or Gaussian distribution (Bell Curve) with the area under the curve equal to
In Fig. 32, the lower dashed curve gives his estimate of USA oil
production rates if the ultimate discoverable oil is 150 billion barrels (Bb). The upper dashed
curve for 200 Bb was his prophetic prediction that the USA oil production would peak in the early
1970s, which indeed happened in 1970. The actual USA production for 1956 to 2000 is shown
in the dotted line and shows the fact that since 1985 the USA has produced slightly more oil than
predicted by Hubbert, largely because of the drilling in Alaska and in deep waters off the Gulf of
Mexico coast. The interesting aspect of his analysis is that the prediction of Peak Oil production

the size of the resource.

Figure 31. Marion King Hubbert, 1903-1989.

in the USA was uncannily correct and did indeed occur around 1970.
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Figure 32. Marion Hubert King normal distribution of petroleum resources.
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Figure 33. History of usage and peak of USA crude oil. Peak USA oil production occurred in
1970 with secondary peaks of production from Alaska in 1984 and from fracking and horizontal
drilling in 2014. Data: USA EIA.
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Figure 34. The global Peak Oil curve. Source: La Herrére.

There is a lack for world production statistics for natural gas. In the USA 400 cubic meters
of natural gas are produced for each cubic meter of oil, with an energy content of about four 4/10
that of oil. Hence the energy from natural gas amounts to be about 40 percent of that of petroleum.



Interest in Hubbert work has been lately revived and generalized to global oil use in terms
of what is designated as “The Hubbert Curve, “The Curve of Peak Oil,” or “The Global Hubbert
Peak.” Many versions exist of this curve generated by different authors using different
perspectives, models and assumptions. Versions of this curve is shown in Fig. 34 using different
assumptions but suggesting that the global Peak Oil would have occurred around 2015.

Some of Marion King Hubbert article’s points and prediction of a “delta function,” of oil
production were:

“The consumption of energy from fossil fuels can thus be seen to be but a
‘blip’ rising sharply from zero to a maximum, and almost as sharply declining, and
thus representing but a moment in the total of human history.”

“The release of this energy is a unidirectional and an irreversible process.
It can only happen once, and the historical events associated with this release are
necessarily without precedent, and are intrinsically incapable of repetition.”

“However, should cultural degeneration occur so that the available energy
resources should not be utilized, the human population would undoubtedly be
reduced to a number appropriate to an agrarian existence.”

“Among the inevitable characteristics of this future will be the progressive
exhaustion of the mineral fuels, and the accompanying transfer of the material
elements of the Earth from naturally occurring deposits of high concentration to
states of low concentration dissemination.”

Marion King Hubbert suggested that nuclear energy would eventually replace the
depleting fossil fuels reserves. In the 1956 paper: “Nuclear energy and the fossil fuels,” he states:

“It appears that there exist within minable depths in the United States rocks
with uranium contents equivalent to 1,000 barrels of oil or more per metric tonne,
whose total energy content is probably several hundred times that of all the fossil
fuels combined.”

“The world appears to be on the threshold of an era which in terms of
energy consumption will be at least an order of magnitude greater than that made
possible by fossil fuels.”

On a time-scale spanning millennia, “the discovery, exploitation and
exhaustion of the fossil fuels will be seen to be but an ephemeral event”.

“It will probably require the better part of another 10 or 15 years of research
and development before stabilized designs of reactors ... are achieved,” but after
that “we may expect the usual exponential rate of growth”.

That exponential growth rate did not materialize, preserving the existing uranium supplies
for the long term.

7.23 EXPONENTIAL GROWTH AND DECAY

The effort is justified by the suggestion by psychologist W. A. Wagenaar that humans are
incapable of understanding the true increase of an exponential function, probably because of their
brain’s genetic wiring. They do their best in estimation by using linear functions that are accurate



for short time periods but then underestimate the true increase for extended time periods. This is
so since a linear function is an approximation of the exponential whose expansion as a function
of the time t is:

¢ 2 3 Z‘n
e =l+—t—F—Ft—+.., Vi <o, (5)
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When the value of the time t is much less than unity:

t<<l,

the higher order terms are small in magnitude. They can be ignored with only the first two terms
are retained leading to an approximation as a straight line:

e =1+, Vi<<l1 (6)

This suggests that the human brain is wired to think in terms of short time spans, and that
the consideration of long time spans needs the power of intellect and mathematics.

7.24 MATHEMATICAL BASIS OF RESOURCE CONSUMPTION

We consider the yearly consumption rate of a given resource such as uranium, oil or coal
in metric tonnes (1,000 kgs) per year:

metric tonnes
R(t) [———1].

year

If we further consider that the rate of consumption of the resource grows a fixed fraction
or percentage each year, this implies that the rate of change in the consumption rate is proportional
to the consumption rate itself, we can thus write:

dR(?)
dt

o, R(?)
(7

The proportionality symbol can be replaced by the equality sign if we use a proportionality
constant k in Eqn. 7:

4RO _ 4k R0 (8)

where k is the fractional growth per year.
Separating the variables and performing a limit integration we can write:
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where Ry is the current consumption rate at t = 0.
The integration yields:

lnmzkl (10)

0

Taking the exponential function of both sides reveals that the consumption rate will grow
exponentially as a function of time as:

R(t)=R,e™ (1D
where: e = 2.718 is the base of the natural logarithm function.

7.25 DOUBLING TIME, RULE OF 70, RULE OF 69, RULE OF 72 OF
COMPOUND INTEREST

According to John Mauldin:

“The monotheistic religions—Judaism, Christianity, and Islam—all
considered usury sinful. Ancient Buddhist texts also condemn usury. So did Plato
and Aristotle. Pope Benedict XIV condemned usury in a 1745 encyclical, following
the teachings of numerous church councils. The Church of England’s Westminster
Larger Catechism taught the same.”

Hypocrisy exists within societies and lenders have charged and continue to charge interest
on borrowed money. In modern society interest can be viewed as information that necessarily
controls the allocation and the use of existing savings, capital and resources. Interest is used to
direct the allocation of capital, and without interest it becomes impossible to value investments.

We are interested; pun intended, in the period of time Tq at which the consumption rate
R(t) will grow to twice its initial value or 2Ro. Substituting into Eqn. 8 yields:

R(T,))=2R, =R,

Canceling Ry and taking the natural logarithm of both sides eliminates the exponential to
yield:

In2=kT,

from which the doubling time is given by:
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This suggests an alternate form of Eqn. 11 in terms of the doubling time as:

In2
+ t

R(t)=R,e ™ (11y’

If we consider the percent growth per year P:

P =100k,
13
100

Substitution into Eqn. 12 for k from Eqn. 13 yields:

7, =12 140
J2

:0.6931.100

69.31 (14

P

This is also the rule of 69 or the rule of 70 for continuous compounding in finance where

it represents an investment’s doubling time.
For periodic compounding of interest, it takes the form:

V() =Vy(1+r)
where :V(t) : Future value
V, :Presentvalue
t  :Number of time periods

r :Interest rate per time period

If the investment has doubled:
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Using the approximation:
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For the percentage interest rate:
R =100r,
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It is interesting to notice in Eqn. 14 the ten/seven rule of thumb in the field of finance: “A
10 percent growth rate implies a 7 years doubling time, and a 7 percent growth rate implies a 10
years doubling time.” Sometimes it is referred to as the rule of 70. For instance, the purchasing
power of a 10 years note would lose half its value at an inflation rate of 10 percent within 70 / 10

=7 years.
The choice of the rule of 72 is just a convenience, since 72 has many small divisors: 1, 2,

3,4,6,8,9and 12:

The constancy of the doubling time implies that in one doubling time the growth rate will
double in size, in two doubling times, it will quadruple in size, in three doubling times it will grow
by a factor of 2° = 8 times, and in n doubling times it will grow by a factor of 2" times, or:

R(n)=R,.2" (15)



This equation is equivalent to Eqn. 11 but is expressed as a function of the number of
doubling times n. This suggests that exponential growth is characterized by a doubling process.
A few doublings can lead quickly to quite large values.

7.26 THE CHESSBOARD PROBLEM: COMBINATORIAL EXPLOSION

Popular belief tells us that the game of chess had its origins in India and was invented by
Sissa Ben Dahir, thousands of years ago when it was called as: Chaturang, later renamed in Arabic
as: Chatarang. Over a period of time it spread to the Middle East and subsequently was introduced
to Europe by the retreating crusaders and to other parts of the world. References about the game
have been made as far back as in 600 AD.

Consider the parable or legend about the invention of the game of chess. The reward that
the inventor of chess Sissa Ben Dahir is supposed to have asked from his King Shirham of India
for whom he invented the game was one grain of wheat for the first square, two for the second,
and doubling them on each subsequent square. The king agreed to the request, only to realize
that all the wheat in the world would not be enough to pay the inventor. An estimate is that the
reward amounted to four trillion bushels, the world’s wheat production for two thousand years.
The king did find a simple way out of the deal, however. In a version of the story, the king had
the inventor beheaded (Appendix II).

The total number S of grains of wheat to satisfy the demand on the chessboard becomes:

§=2"42' 4274274+, 42 (16)
Using the sum of the sequence:

il

Trx4 x4 ot x = (17)
l1-x
and identifying:
x=2, n=63,
yields for the number of grains of wheat:
1_264
S= =) =2% -1=18,446,744,073,709,551,615 (18)

An interesting observation is that even though this odd number is based on the sum of
powers of the digit 2, none of its twenty digits contains it.

The interesting fact is doubling a single grain of wheat a mere 63 times could amount to
500 times the entire yearly wheat harvest in the whole world.

This example shows that exponential growth in general leads to doublings, and these in
turn can lead to large numbers in a very short time period.



Another story about the combinatorial explosion is attributed to philosopher John Stuart
Mill. As a boy, he was alarmed to deduce that the finite number of musical notes, together with
the maximum practical length of a musical piece, meant that the world would soon run out of
melodies. The fact is that we are unlikely to have a melody shortage anytime soon because music
is a combinatorial system. If each note of a melody can be selected from, say, eight notes on
average, there are 64 pairs of notes, 512 motifs of three notes, 4,096 phrases of four notes, and so
on, multiplying out to trillions and trillions of musical pieces.

Applied to language, the combinatorial explosion explains why we and our politicians
never run out of words in speech or writing. Suppose we have ten choices for the word to begin
a sentence, ten choices for the second word, yielding a hundred two-word beginnings, ten choices
for the third word, yielding a thousand three-word beginnings, and so on. The number of
sentences of twenty words or less is 10%°, or a hundred times the number of seconds since the
birth of the universe.

7.27 PEAK FOOD, UNSUSTAINABLE POPULATION, MALTHUSIAN
EXPLOSION

INTRODUCTION

Bacterial, insect, plant and animal populations including humans, tend to grow
exponentially. The growth depends on the availability of a food supply and favorable
environmental conditions. Once the food supply is exhausted, or the environment is rendered
toxic from the wastes generated in the growth process, the growth is discontinued and the
population is observed to suddenly crash.

As the world’s human population reached the 7 billion mark at the end of October 2011,
its tendency to grow faster than the food supply, keeping most people at the edge of starvation,
was described by Thomas Robert Malthus (1766 — 1834), an ordained Anglican minister, in his
1798 book with editions in 1803, 1806, 1807, 1817 and 1826: “An Essay on the Principle of
Population as It Affects the Future Improvement of Society.”

Malthus’s key thesis known as the “Malthusian Argument” was that:

“The power of population is indefinitely greater than the power in the Earth
to produce subsistence for man. Population unchecked increases in a geometrical
ratio. Subsistence increases only in an arithmetical ratio. A slight acquaintance
with numbers will show the immensity of the first power in comparison of the
second.”

As explained by Harvard historian Niall Ferguson, humanity can increase like the
geometrical doubling number sequence 1, 2, 4, 8, 16, which leads to an exponential growth effect,
whereas its food supply can increase no faster than the linear number sequence 1, 2, 3, 4, 5.
Humanity is better at reproducing itself than feeding itself.

Malthus suggested that there must exist: “A strong and constantly operating check on
population,” taking the two forms of “misery” as famines and epidemics and “vice” such as
alcohol abuse, contraception and abortion. Malthus wrote: “The vices of mankind are active and
able ministers of depopulation. They are the precursors in the great army of destruction; and often
finish the dreadful work themselves. But should they fail in this war of extermination, sickly



seasons, epidemics, pestilence, and plague advance in terrific array, and sweep off their thousands
and tens of thousands. Should success be still incomplete, gigantic inevitable famine stalks in the
rear, and with one mighty blow levels the population with the food of the world.”

The historian Georges Lefebvre suggested that an increase in the price of a loaf of bread
by 88 percent in 1798, due to a bout of bad weather, may have contributed to the onset of the
French Revolution and the downfall of King Louis X VL.

There were famines in the 19" century in Ireland and India and wartime disruptions of the
food supply in the 20™ century. However, the continued growth of the human population, which
is now about 6.5 billion, has been met by continuing increases in agricultural productivity.

Malthus’s book inspired Darwin idea of natural selection. Reading about the struggle for
existence that Malthus predicted, Darwin wrote in his autobiography: “It at once struck me that
under these circumstances favorable variations would tend to be preserved, and unfavorable ones
to be destroyed. Here then I had at last got a theory by which to work.”

HALE MALTHUS POPULATION GROWTH

In the Hale-Malthus model, the population increase is described by the rate equation that
is similar to Eqn. 8 as:

% =+rN(1) (8"

N(t) is the number of individuals at time t,

r is the intrinsic rate of increase.

Upon integration it yields the same solution as Eqn. 11:
N(f) = N,e™ (11)”

N, 1is the number of individuals at time t=0

If the world population is about 6.5 billion persons and is growing at a rate of P = 1.9
percent per year. The doubling time from Eqn. 14 is:

T, = 69.31 _69.31 _ 36 years
P 1.9

which means that the world population will become 6.5 x 2 = 13 billion within 36 years, unless
some environmental factors would control the growth rate. Possibly the available world
resources, particularly fresh water and arable land, will reduce the growth rate. This is the basis
of numerous apocalyptical theories such as the Hale Malthus model, and the Club of Rome’s
“Limits to Growth” study.

Some mathematical buffs proceed beyond 36 years, suggesting that at the present rate of
growth, in 550 years the areal population density would be 1 person/m? on the dry land of the
Earth excluding Antarctica. In 1620 years, the mass of people would equal the mass of the Earth;



obviously a mere impossibility. This suggests that perpetual population exponential growth is
unsustainable and we can confidently say: impossible.

PEAK GRAIN, FOOD PRODUCTION

as a modern saying goes, “We eat fossil fuels.” In modern industrialized agriculture, grain
is literally manufactured from oil. Fertilizers are made from natural gas and pesticides, farm
machinery and shipping all depend on the use of oil. Modern farming has been described as using
the soil as an inert medium to turn hydrocarbons as oil and natural gas into food.

If the hydrocarbon supplies are fully depleted and not gradually replaced by other forms
of energy, the food production and distribution system would collapse followed by the world’s
population.

Peak Grain on a per capita basis may have occurred several years ago and the world grain
stocks in 2007 were at a 53-day supply, their lowest level ever, according to the USA Department
of Agriculture.

Lately, the world has turned to growing crops for fuel, placing even more pressure on its
food supply. The pressures on oil and food are occurring at the same time.

The livelihood of large parts of the world such as the Arab countries will be unsustainable
when fossil fuels wane. Their lives depend on desalinated seawater with the desalination plants
consuming large amounts of natural gas and electricity.

DETRACTORS AND SUPPORTERS

Contemporaries of Malthus such as the economist Ricardo pointed out that most food
supplies are derived from living organisms that reproduce geometrically like humans.

In the 1970s, Stanford University biologist Paul Ehrlich in his book “The Population
Bomb,” predicted catastrophes to occur by 1990, which never materialized. He had a famous
1980 wager over resource scarcity with Julian Simon, a professor of business at the University of
Maryland, which Simon apparently has won.

The field of Economics became known as the “Dismal Science” as it predicted so much
gloom according to Malthus theory. Charles Dickens used Malthusian language in his book: “A
Christmas Carol” where Scrooge considers that Tiny Tim is just a part of “The Surplus
Population” who according to Malthus was doomed to oblivion.

The world escaped from Malthus’ prediction by a succession of revolutions in agriculture
such as the “Green Revolution” and the modern introduction by bioengineering of the Genetically
Modified Organisms (GMOs).

Niall Ferguson discusses the failures of Malthusian Theory:

“The world’s population has increased by a factor of more than six since
Malthus’s time, passing the 6 billion mark not so long ago. Average life
expectancy has risen worldwide from 28 to 67.

Yet the daily supply of calories for human consumption has also gone up
on a per capita basis, exceeding 2,700 in the nineties. In France, on the eve of the
Revolution, it was just 1,848. Since Malthus’s day, the average human being’s
income has increased by a factor of more than eight.



Human beings have grown taller and bigger, too. The average British male
stood 5ft Sin tall in the late 18" century. Today, his mean height is 5ft 9in. So
abundant is food in the land of the free that more than a fifth of Americans are now
classified as obese.

Since the fifties, the area of the world under cultivation has increased by
roughly 11 per cent, while yields per hectare have increased by 120 per cent. In
2004, world cereal production passed the 2 billion metric ton mark.”

However he comes back with a description of its successful aspects:

“Yet these statistics don’t disprove Malthus. As he said, food production
could increase only at an arithmetical rate, and a chart of world cereal yields since
1960 shows just such a linear progression, from below one and a half metric tons
to around three.

Meanwhile, vice and misery have been operating just as Malthus foresaw
to prevent the human population from exploding geometrically.

On the one hand, contraception and abortion have been employed to reduce
family sizes. On the other hand, wars, epidemics, disasters and famines have
significantly increased mortality.

Together, vice and misery have ensured that the global population has
grown at an arithmetic rather than a geometric rate. Indeed, they have managed
to reduce the rate of population growth from 2.2 per cent per annum in the early
sixties to around 1.1 per cent today.

The real question is whether we could now be approaching a new era of
misery. Even at an arithmetic rate, the United Nations expects the world’s
population to pass the 9 billion mark by 2050.

But can world food production keep pace? Plant physiologist Lloyd T.
Evans has estimated that ‘we must reach an average yield of four tons per
hectare... to support a population of 8 billion.” But yields right now are, as we
have seen, just three tons per hectare. And a world of eight billion people may be
less than 20 years away.

Meanwhile, man-made forces are conspiring to put a ceiling on food
production. Global warming and the resulting climate change may well be
increasing the incidence of extreme weather events as well as inflicting permanent
damage on some farming regions.

It is not just British crops that are suffering this year. At the same time,
our effort to slow global warming by switching from fossil fuels to biofuels is
taking large tracts of land out of food production.

According to the OECD, American output of corn based ethanol and
European consumption of oilseeds for biofuels will double by 2016. Only the
other day, the executive director of the World Food Programme expressed anxiety
about the unintended consequences of this huge shift of resources.”

In addition, the per capita cereal production already reached its peak in the mid eighties,
while the rising incomes in Asia are now increasing world food demand.



In the USA, the monetary authorities insist on considering only the core consumer price
index excluding food and energy for planning and policy issues, suggesting that the inflation rate
is just 2.2 percent. In fact food inflation is actually double that amount at 4.4 percent. Niall
Ferguson suggests the following food items price inflation:

Cheese 4 percent
Steak 6 percent
Bread 10 percent
Fish 11 percent
Potato 10 percent

DISCUSSION

Malthus wrote about 200 years ago: “The great question now at issue is whether man shall
henceworth start forwards with accelerated velocity towards illimitable, and hitherto unconceived
improvement, or be condemned to a perpetual oscillation between happiness and misery.”

With global warming, large areas of the globe such as Northern Canada and Russia may
become cultivable; increasing the world’s food supply. The melting permafrost areas of Alaska
and Siberia could be used for growing crops.

Meanwhile, Malthusian theory is inspiring new “green” socio-political issues in the 21
century replacing Capitalism, Socialism and Marxism in the 20" century. Food and energy
supplies, over population and global climatic change appear to be the really significant problems
of the world.

Human creativity and innovation may continue developing sustainable energy and food
production strategies for survival and saving the planet for its future generations.

7.28 SUSTAINABILITY OF MONEY AND CREDIT CREATION
INTRODUCTION

Energy production and money creation are closely interrelated. On the one hand energy
is a source of wealth of nations, and on the other hand acquiring this wealth requires the creation
of money to cheaply acquire it using the fiat currency system.

The Latin word “fiat” translates as “let it be done”. The value of money is dictated by
government decree. National currencies in the world are fiat currencies. T has no real value except
as being declared legal tender.

Fiat currencies have a long history of eventual failure . The Romans did not have paper money
but they constantly decreased the amount of silver used in the denarius coin until the coinage became
worthless.

China issued paper currency in the tenth century but eventually printed so much of it that
hyperinflation occurred, and their currency became worthless, even though its usage lasted for 400
years. Recent examples are the collapse of the Zimbabwe dollar and the Weimar Republic of
Germany in the 1920s.
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Figure 35. Fuel rationing coupons reportedly printed in the 1970s but never used.

Figure 36. Unavailability of gasoline during supply interruptions, 1970s.

There have been about 3,400 fiat currencies issued in world history, and all of them
eventually collapsed with an average lifetime of 27 years, and the shortest life span being one
month. Initiated in 1694, the British pound Sterling is the oldest fiat currency today. At an age of
317 years it is considered a highly successful fiat currency. Yet, the British pound was equivalent
initially to 12 ounces of silver. Presently, it is worth less than 1/200 or 0.5 percent of its original
value. The most successfully managed and long standing currency in existence has lost 99.5
percent of its original buying power.

The first coins struck for commerce, created by King Croesus in the ancient kingdom of
Lydia, are referred to as third-stater coins and are made of Electrum, which is an alloy of gold
and silver. The USA Dollar’s value has declined 99.98 percent since the Federal Reserve Central
Bank came into existence in 1913. In 1913, gold was worth $20.64 an ounce. Today, with gold at
$1,200, the decrease in buying power is:



L00_ 20-64

=100-0.0172 =99.98 percent

b

Capitalism is characterized by innovation and risk taking. These contain the seeds of
frequent rise followed by sudden collapse resulting in unpredictable crises. A pattern of excessive
borrowing and money creation, weak regulation and leveraged investments are inevitably
followed by monetary collapse. Boom and bubbles are preludes to the bust and crash. A cycle
of inflation followed by deflation ensues.

Governments have granted themselves the power of creating money, whereas the banks
have been given by those governments the privilege of forming capital, and earning interest on it,
in return for financing the governments’ debt to its citizens and to the foreigners. The concept
that governments can organize debt into depreciating currency as a form of stealthy taxation, and
that the banks can organize credit into capital, is unsustainable; ultimately leading to the
periodical formation of bubbles that eventually collapse leading to the self-destruction of the
monetary system and the prevailing economic system.

It is worthwhile to distinguish between currency and money, with the currency defined
primarily in terms of interchangeability and fungibility, and money in terms of characteristics that
give it lasting and intrinsic value. Because of its attributes, not only is gold the ultimate political
metal, at the same time it is and has been viewed as man’s ultimate form of money as well, above
all else because of its scarcity. By definition, any viable currency needs to be durable, divisible,
and portable. To be considered as money possessing intrinsic value within which one may hold
wealth, it cannot be easily debased or debauched, so as to guard against this insidious form of
confiscation and taxation.

Table 15. Currency and money properties.

Currency Money
Medium of exchange Medium of
exchange
A unit of account A unit of account
Portable Portable
Durable Durable
Divisible Divisible
Fungible, Fungible,
Interchangeable Interchangeable
- Store of value
- Maintains value
over long periods
of time
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Figure 37. Dollar currency purchasing Power since 1913.

Table 16. Periods of currency inflation in different countries.

Maximum monthly

Country Inflation Date
[percent]

Argentina 196.6 1989-1990
Armenia 438.04 1993-1994
Austria 124.27 1921-1922
Azerbaijan 118.09 1991-1994
Belarus 534 1994
Bolivia 120.39 1984-1986
Brazil 84.32 1989-1993
Bulgaria 242.7 1997
China 4,208.73 1947-1949
Congo, Zaire 225 1991-1994
France 143.26 1789-1796
Georgia 196.72 1993-1994
Germany 29,525.71 1920-1923
Greece 11,288 1942-1945
Hungary 82.18 1923-1924
Hungary 1.295 x 106 1945-1946
Kazakhstan 57 1994
Kyrgyzstan 157 1992
Nicaragua 126.62 1986-1989
Peru 114.12 1988-1990
Poland 187.54 1921-1924
Poland 77.33 1989-1990

$1.00

$0.80

$0.00



Serbia 3.09 x 108 1992-1994
Soviet Union 278.72 1922-1924
Taiwan 398.73 1945-1949
Tajikistan 78.1 1995
Turkmenistan 62.5 1993-1996
Ukraine 249 1992-1994
Yugoslavia 58.82 1990
CURRENCY FORMS

In the 14™ century, Florentine money changers worked on a bench or banco, hence called
“bankers”, in the piazzas of Florence and other city states. They accepted deposits of gold and
silver in exchange for paper notes which were a promise to return the gold and silver on demand
at different locations at branches of the Florentine families’ banks in London or Paris. These bank
notes were not unsecured liabilities. They were warehouse receipts on gold and silver precious
metals.

The Renaissance bankers put the precious metals in their custody to other uses, including
loans to merchants and princes. They issued more notes than the value of the physical metal in
their custody as the bank notes were not all be redeemed at once. This was the origin of “fractional
reserve banking” in which the physical metal held is a fraction of the paper bank notes.

The silver Spanish dollar, the “real de a ocho”, or “piece-of-eight” was used as a currency.
The Spanish dollar contained 0.885 ounces of pure silver. It was a 22-karat coin with a total
weight of 0.96 ounces. The Spanish Empire minted the real de a ocho to compete as currency
with the Joachimsthaler of the Holy Roman Empire. The Joachimsthaler was a silver coin minted
in the St. Joachim Valley or Thal in German. The word Joachimsthaler was later shortened to
“taler”, which rhymes with the word “dollar” in English.

A little known historical fact is that the Spanish ship captains intentionally scuttled many
of their own sailing ships to avoid giving the plundered silver and gold from the new world to the
Queen and Pope, claiming that they sunk in storms. Then they would await a few years, head
back, dive down and get the doubloons, and make themselves king of the next island, or pirate
town. That is why there is still silver and gold in these coral reefs in the Carribean.

The Spanish piece-of-eight and the German taler were predecessors of the American silver
dollar. The Spanish dollars were legal tender in the USA until 1857. Silver coinage was adopted
in Burgundy, the Netherlands where it was called the “leeuwendaalder” or “lion dollar”, and
Mexico from the seventeenth century. Silver was favored by China in exchange for Chinese trade
items until the nineteenth-century.

After the USA banned gold possession in 1933, silver coins circulated freely. The USA
minted 90% solid silver coins until 1964. Depending on the particular coin; dimes, quarters, or
half-dollars; the silver percentage dropped from 90% to 40%, and eventually to zero by the early
1970s. Since then, USA coins in circulation contain copper and nickel.

Charlemagne adopted Quantitative Easing (QE) in the ninth century by substituting silver
for gold coinage to increase the money supply in his empire. Spain did the same in the sixteenth
century. Today there are no circulating gold or silver coins. Existing gold and silver coins are
used as jewelry or are kept out of sight as a form of saving in multiple cultures.



FIAT VS. IRREDEEMABLE CURRENCY

There exists a subtle difference between a fiat currency and an irredeemable currency. In
the case of fiat currency, creation is decided behind closed doors and does not need the
endorsement of the open market. A fiat currency inevitably has a short life-span, as historically
observed.

An irredeemable currency is different from a fiat one in that it is created openly, using
collateral purchased in the open market. It has a longer life-span than a fiat currency. As long as
an official check-kiting process between the Treasury and the Federal Reserve Central Bank
remains misunderstood by the general public, an irredeemable currency may even prosper.

CONTROL OF THE ECONOMY, CENTRAL BANKING

In 1977, the USA Congress amended the Federal Reserve Act, outlining the Federal
Reserve Bank new and improved mission in life:

“...long run growth of the monetary and credit aggregates commensurate
with the economy’s long run potential to increase production, so as to promote
effectively the goals of maximum employment, stable prices and moderate long-
term interest rates.’

The Federal Reserve has been the USA’s central bank since 1913, but it is its third attempt
at central banking. The First Bank of the United States was chartered in 1791 and lasted twenty
years. Facing strong opposition by Jeffersonians who feared that the central banks were controlled
by foreign interests and primarily benefitted large companies, it lost its re-charter by a single vote.

Debt caused by the War of 1812 led to the charter of the Second Bank in 1816, lasting
until Jackson refused to re-charter it in 1836.

The Panic of 1907 led to the formation of the Federal Reserve System in order to stabilize
prices, regulate banks, manage the money supply and create a single, unified paper currency, at
the time based on gold. Since then, the dollar has been inflated over 2,000 percent, diminishing
the value of savings for Americans and foreigners holding assets denominated in dollars.
According to John Stuart Mill (1806 — 1873) in his “On Credit Cycles and the Origin of
Commercial Panics” in 1867:

“Panics do not destroy capital; they merely reveal the extent to which it
has been destroyed by its betrayal into hopelessly unproductive works.”

The real purpose for the existence of the Federal Reserve Central Banking system is to
maintain control of the economic system. Central Banks control the creation of money and credit
and direct them to the beneficial use by their private banking owners, the politicians, and the elite
ruling classes. It is the stealthy modern way of clipping coins by raising taxes to finance their
favored social programs and wars by depreciating the value of the currencies held by both citizens
and foreigners alike.

The reason for the existence of the Federal Reserve Bank is that simply directly printing
money to pay debts, even when done by a legitimate government, runs the risk of being seen as
such and opposed. Central banks provide a circuitous means of printing money to keep the public



befuddled and indifferent. The Federal Reserve collects interest on the government securities it
holds, but it gives most of it back to the Treasury. After deducting for its operating costs and other
expenses, it pays its member stockholders banks a 6 percent dividend on the stock they hold in
their reserve banks, which in 2010 amounted to $1.5 billion.

Home > About the Fed > Federal Reserve Act

Federal Reserve Act o

Section 7. Division of Earnings
Dividends and Surplus Fund of Reserve Banks
(a)

1

A_ After all necessary expenses of a Federal reserve bank have been paid or provided for, the stockholders of the
bank shall be entitled to receive an annual dividend of 6 percent on paid-in capital stock.
B. The entitiement to dividends under subparagraph (A) shall be cumulative.

2. That portion of net earnings of each Federal reserve bank which remains after dvdend claims under subparagraph (1)}A)
have been fully met shall be deposited in the surplus fund of the bank

Figure 38. Payment of 6 percent from the Federal Reserve Central Bank to its bank
stockholders.

By law, member banks must subscribe to stock in the Federal reserve bank of their district
equal to 3 percent of their capital, at a fixed rate of $100 per share, with another 3 percent subject
to call of the Board of Governors. The remaining balance of the Fed’s interest receipts, including
interest from assets other than USA bonds, is remitted to the Treasury at the end of each fiscal
year. In 2010, this amounted to $79.3 billion. Thus by giving the Treasury all the revenue it
receives after deducting for expenses and dividends, the Fed in effect is granting the government
loans at nearly zero interest. As for the principal, the Fed simply keeps it on their books. It could
demand payment from the government, but so far it has not.

Thus the government, in issuing bonds, is getting money for virtually nothing, then
spending it, instead of increasing taxes. As kings of old times did when they literally ran the
printing presses to pay for expenses beyond what they collected in taxes, today’s governments do
the same but through the esoteric world of central banking.

Under stressful conditions, the central banks will not attempt to save the existing
governments, which come and go. They exist to protect their shareholders: the largest banks. The
secret is that the Federal Reserve cannot really control the economy at all. It can influence it. And
the influence it has is all negative. By setting interest rates at any level other than that chosen by
willing borrowers and lenders, the central banks distort the price of credit. And distorting prices
always leads to problems: either shortages or surpluses. By fixing rates at low levels, the Federal
Reserve is actually stealing from one group and giving to another. The middle class, savers, and
working people lose wealth. Hedge fund managers and bankers gain. In the USA, great damage
was done to the USA dollar currency which has been devalued since its inception. The end result
is an insidious bottom-up transfer of wealth: the ruling elites get richer, while everyone else loses
ground.

CRITIQUE OF FEDERAL RESERVE

Roman philosopher Seneca the Younger is attributed the saying: “Every new beginning is
some other new beginning’s end.” He lived comfortably as the son of a rich man and worked as



a trusted advisor to Emperor Nero of Rome. Having navigated the brutal politics of Rome, he
retired on good terms to a rich country estate. Things were looking pretty good until, in the wake
of a conspiracy against Emperor Nero, he was forced to commit suicide by cutting his veins and
taking a poison. Something similar, if much less dramatic, could happen to the stock market as
the Federal Reserve, after years of nursing the financial markets with a steady drip of cheap money
morphine, decides to pull out the needle. It is anyone’s guess what happens afterwards.

The Federal Reserve is not a governmental agency, but it is a” federal”, which only means
“contracted”, private entity whose stock is held by a coalition of American and European banks.
Considering the etymology:

federal (adj.)

1640s, as a theological term (in reference to "covenants" between God
and man), from French fédéral, an adjective formed from Latin foedus (genitive
foederis) "covenant, league, treaty, alliance," from PIE *bhoid-es-, suffixed form
of root *bheidh- "to trust, confide, persuade."

Religion and government go hand in hand, as government uses religion to legitimize itself.
Legitimacy was rationalized by the kings declaring themselves to be 'offspring of the gods'. When
that no longer worked, they adopted the idea of the republic, or rule of a representative elite such
as through the Electoral College. Disciple Paul came up with the concept of “God gave us our
leaders” which was used to initially legitimize the rule of Byzantine Emperor Constantine and
then later on every European royalty and even USA presidents.

According to economist James Quillian:

“The American reptilian brain says the Federal Reserve is critical for
managing the economy. The larger thinking brain, if engaged, easily sees that
Federal Reserve members are paid for the pretense of knowledge. Are these
members the world’s best economists? No, they are the best politicians among the
country’s set of economists. The larger thinking brain, again if commissioned to
think, easily recognizes their actual role. The genuine role of the Federal Reserve
is to carry out political agendas which normally focuses on transferring wealth from
the bottom of the income ladder to the top.”

According to John Jay:

“The stock market is the primary bag-man the Federal Reserve uses to
transfer the USA dollars they create from thin air to the 0.01 percent. Compare this
to TARP, it was a check written directly to the 0.01% without a money laundering
intermediary like the stock market. You and I are like seagulls picking up the scraps
after a killer whale pod consumes a school of herring. We can make a nice little
living doing just that!”

Alan Newman, editor of Crosscurrents, tracked the total dollar amount each day of all
NYSE transactions. It once amounted to more than three times America’s daily GDP. Newman’s
conclusion was that the main business of America was not making and selling actual things, but



trading stocks. As much could be said of the global financial system, which has amassed a
quadrillion dollars’ worth of derivatives for paper-pushing deal-makers to play with. Does a world
economy that produces $100 trillion dollars’ worth of actual goods and services really need a
financial edifice ten times that size to facilitate business?

WEALTH CREATION

Economist John Templeton started his investing career in 1939 by borrowing about
$10,000. With war escalating in Europe and most investors in panicked despair, he bought 100
shares in each of the 104 companies priced under one dollar on the New York and American stock
exchanges. Almost all were innovative startups, and 34 were in bankruptcy. He then ignored his
portfolio for four years. At that point, only four of the 104 were worthless, and he had quadrupled
his money. This is based on the simple assumption that human progress will continue and things
eventually get better.

Two competing paradigms define wealth creation. The first paradigm defines wealth as
the saved capital formed from investment in hard, tangible productive assets such as minerals
mines, steel and wood mills, factories, farms, or ships, in addition to real intellectual property
such as patents and manufacturing techniques.

The second paradigm suggests that wealth originates from the power of the state to
redistribute assets that are already existent through the creation and manipulation of fiat
currencies, tax policy and projects spending.

It is most plausible that true wealth creation is a hybrid of the two paradigms with a
redistribution of real assets by the power of the state. Societies can function under a situation of
balance between real wealth creation and its redistribution. Inevitably, an excess of redistribution
of the previously created capital into wars and social programs creates an unsustainable situation.
At some point the creation of true wealth is slowed down or totally stops and ceases to exist,
leading to economic and social crises situations.

ORIGIN OF MONEY

Gold as “the sweat of the sun” and silver as the “tears of the moon” have served as currency
and money for millennia. An old adage is: “Do not wait to buy gold, buy gold and wait.” The
Golden Rule goes as “He, who has the gold, rules.”

Throughout human history many things have also been used as money. Cattle sheep,
goats, horses or livestock in general, have been used as money in many societies, including
Roman society and some contemporary grazing societies. This is the origin of the word
“pecuniary” from the Latin word for a single head of cattle: “pecus.”

Salt and vinegar have been used as money in ancient Rome, and this is the origin of the
word “salary” since the Latin for salt is sal or salis. The North American Indians used sea shells
as money and even cigarettes were used during WW II by soldiers on both sides of the conflict.

Ibn Khaldun, in Al Muquaddimah (The Introduction) circa 1379, described gold and silver
as:

“And God created the two precious metals, gold and silver, to serve as the
measure of value of all commodities. They are also generally used by men as a store

or treasure. For although other goods are sometimes stored it is only with the

intention of acquiring gold or silver. For other goods are subject to the fluctuations

of the market, from which they (gold and silver) are immune.”



According to Alan Greenspan, former USA Federal Reserve Bank president, on August
23,2011:

“Gold, unlike all other commodities, is a currency ... and the major thrust in
the demand for gold is not for jewelry. It is not for anything other than an escape
from what is perceived to be a fiat money system, paper money, which seems to be
deteriorating.”

“Gold is a currency. It is still, by all evidence, a premier currency. No fiat
currency, including the dollar, can match it.”

On May 20, 1999, we was quoted as saying:

“Gold still represents the ultimate form of payment in the world. Fiat money
in extremis is accepted by nobody. Gold is always accepted.”

In “Gold and Economic Freedom,” in Ayn Rand, ed., Capitalism: The Unknown
Ideal, New York: Penguin Group, 1967, he states:

“An almost hysterical antagonism toward the gold standard is one issue
which unites statists of all persuasions. They seem to sense — perhaps more clearly
and subtly than many consistent defenders of laissez-faire — that gold and economic
freedom are inseparable, that the gold standard is an instrument of laissez-faire and
that each implies and requires the other.”

“In the absence of the gold standard, there is no way to protect savings from
confiscation through inflation. There is no safe store of value. If there were, the
government would have to make its holding illegal, as was done in the case of gold.
If everyone decided, for example, to convert all his bank deposits to silver or copper
or any other good, and thereafter declined to accept checks as payment for goods,
bank deposits would lose their purchasing power and government-created bank
credit would be worthless as a claim on goods. The financial policy of the welfare
state requires that there be no way for the owners of wealth to protect themselves.”

“This is the shabby secret of the welfare statists’ tirades against gold. Deficit
spending is simply a scheme for the confiscation of wealth. Gold stands in the way
of this insidious process. It stands as a protector of property rights.”

About 2,500 years ago in the history of Rome, the mint where gold and silver pieces were
struck was a sacred and inviolable place housed in the Temple of Juno Moneta; or “Juno the
Vigilant,” the wife of the god Jupiter. Juno was their advisor, or moneta. It guided them to victory
in battle and made their resources last until they won. The silver coins that were minted by the
Romans in 269 BC were called “moneta.”

The English words “money,” as well as “mint” derive from the Latin word “Moneta,” the
surname of Juno. The name of Juno the Vigilant, refers to the legend that Juno’s sacred geese on
the Capitolium saved the city of Rome from being sacked. With their loud cackling, they alerted
the sleeping town that enemy soldiers had scaled the walls under the cover of darkness and were
about to slaughter its inhabitants.



The English word “money” has a connotation of vigilance to preserve life, freedom and
liberty. The paper versions of money were initially credit notes for proper money, or “currency,”
a word comes from the Latin “currere,” meaning to “run” or “flow.

To finance the Third Reich, Nazi Germany went after the gold of Europe. Allied countries
stored their gold offshore to keep it safe. In the first months of World War II, the gold of England
and France was secretly shipped to vaults in Montréal, Ottawa and New York. Those ships made
it safely to port, but throughout history, many were not so lucky. It is estimated that worldwide,
3 million shipwrecks loaded with treasure lie at the bottom of the oceans.

DOLLAR VALUE IN GOLD OR SILVER INCONVENIENT TRUTH

It is not the dollar price of gold or silver that is important. It is instead the gold or silver
value of the dollar that is important. The uninformed general population invariably gets it
backward, thinking that the USA dollar is the standard to which every valuable commodity is
subject to.

The USA dollar currency is losing its value because the central banks have an unlimited
supply of it at near zero percent interest. The only reason that the price of gold is low in terms of
USA dollars is because the USA dollar is still considered as the global reserve currency and gold,
silver and other commodities are priced in USA dollars.

At current prices, a dollar of currency is worth about 28 mg of gold and this is declining
by the day. In 1913, when gold was priced at $20.65 per ounce, one dollar was worth 1,506 mg
of gold. A misunderstood notion is that it is not the dollar price of gold that is relevant. It is in
fact the gold value of the dollar that is important.

Worldwide, almost all the gold is not available to the market in the form of jewelry and
gold bars and is already owned by someone who will never sell it. The “float” or the amount
available to the market is less than 1 percent of all the existing gold, the owners of which have
held it for decades.

Informed individuals hold gold, silver and land to preserve their wealth over thousands of
years. Why would they give up real wealth for a piece of paper that can be printed freely at little
cost, that is worth only 28 mg of gold today, when they paid far more than that years ago.

Gold as “money” has proven superior to every other “currency” in the modern times,
except the USA dollar which is essentially worthless already because the banks have an unlimited
supply of them at a near zero percent “nominal” interest rate, and even worse at a negative “real”
interest rate.

The USA abused its reserve currency status and exported its inflation to the rest of the
world for years. As a consequence, the dollar is expected to be unseated as the reserve currency,
and inflation and interest rates in the USA will soar as the world gradually figures out that there
is not enough gold money reserves in the USA to back up the trillions of dollars of USA debt.

Gold should not be considered as an investment to make a paper dollar profit from it at
some future time. Gold by itself is the profit that is gained when one converts a depreciating
currency, into a store of value that has no debt attached to its ownership, and never had a question
raised of its acceptance an un-inflatable money in human history.

According to Steve Forbes, Editor-in-Chief of the Forbes Magazine, CEO of Forbes, Inc.,
and two-time USA Presidential candidate, having run in the Republican primaries in both 1996
and 2000:



“One of the things that really most of the economics profession does not
seem to get is that money is simply a means for us to buy and sell with each other.
It is like a claim check. You go to a restaurant, check your coat, the claim check
has no intrinsic value, but it is a claim on the coat. Money is a claim on products
and services. It has no intrinsic value. What it does, it is like a claim check on
products and services. It works best when it has a fixed value.

Money measures value the way scales measure weight or clocks measure
time or rulers measure space and length, and it works best when it is stable. The
best way to get stable money, as we explained in our book ‘Reviving America,’ is
precisely to link it to gold the way we did for a hundred and eighty years. It works.
Gold is like a ruler. It has a stable value. When you see the price fluctuate, that
means that it is the dollar’s value that is fluctuating, people’s feeling about it for
the present and for the future. But gold is like Polaris. It is the North Star. It is
fixed.”

Steve Forbes and Elizabeth Ames co-wrote the book titled: ‘Money: How the Destruction
of the Dollar Threatens the Global Economy and What We Can Do About It,” and proposed a
modified gold standard:

“The twenty-first century gold standard would fix the dollar to gold at a
particular price. The Federal Reserve would use its tools, primarily open market
operations, to keep the value of the dollar tied at that rate of gold.”

Steve Forbes suggests:

“Gold is the best way to fix that value. The only role for the Fed, at least for
now, would be to keep that fixed value and then deal decisively with the occasional
panic, just as the British showed us a hundred and fifty years ago. If you have a
panic where banks need the temporary liquidity, they go to the Fed with their
collateral, borrow the money at above market interest rate, and then, as the crisis
recedes, they quickly pay it back and it’s done. So the Fed’s role could almost be
done by summer interns if they knew what they were doing, so it would not be the
monster that it is today where the Fed tries to dictate where credit goes, what
happens to the economy, etc. It’s really bizarre and destructive.”

He comments on the 2 percent hidden tax imposed on USA households and strangers
alike:

“One other example on that is Janet Yellen, the head of the Federal
Reserve, says that we should have two percent inflation, which in her mind is seeing
the prices rising two percent a year. If you take a typical American family making
fifty thousand bucks a year; that means their costs would go up a thousand dollars
a year, two percent of fifty thousand. Who gave her the authority to raise the cost
of living, which is an effective tax, a thousand dollars on a typical American
family? Yet Congress, they just nod their heads. It’s a travesty.”



ALGORITHMIC GOLD TRADING

The price of gold that is quoted on the commodity exchanges such as the Comex and other
derivative exchanges is not influenced by “investors” demand at all. Instead, this price is
practically determined by the whims of the High Frequency Trading (HFT) computers. These
computers take their trading cues from signals completely unrelated to the fundamentals of gold
supply and demand. The strategy typically involves using ultra-fast computer technology and
placing computer servers close to exchanges to react to market data as quickly as possible before
other trading platforms. Such trading has drawn increased attention from regulators since the May
2010 flash crash, when $1 trillion of value was briefly erased from USA stocks. It is reported that
70 percent of the trades on the stock exchanges are now of the HFT category.

The single most important gold trading cue for the HFT algorithms appears to be the
relationship between the USA dollar and the Japanese yen, commonly referred to as the trading
pair USDJPY. The price of traded gold has a correlation coefficient of minus unity with the
USDIJPY spread. The exchange-traded price of gold is inversely proportional to the USDJPY
spread.

PAPER GOLD

Gold is practically a fractional reserve paper market, with a tiny bit of underlying physical
gold changing hands. For every 1 bar of physical gold listed on the Comex exchange, 400 virtual
nonexistent bars are being sold and bought exchanging holders. With a crypto currency such as
Bitcoin one either have it or you do not. That is why crypto-currencies continued to outperform
gold for a while. Gold is now primarily a paper market with an infinite supply that traders and
banks can supply as a “naked-short” option without a physical existence, but holders must face
that reality to understand why it is so undervalued.

The price of gold cannot appreciate while it is a basis for a fractional-reserve-like paper
gold. The chief reasons for gold to have an enduring value is scarcity. However paper-gold does
away with scarcity and so prevents gold from attaining a higher value. Gold cannot appreciate
significantly while the generation of paper-gold is allowed to occur. Unless there is a legally
mandated retreat to physical gold-only trading, it does not look like it is worth trading, since the
game is rigged. Given the Japanese yen-USA dollar linkage, a trader might as well engage in
currency trading between the two currencies.

VIRTUAL AND PHYSICAL WORLDS, CRYPTO CURRENCIES AND NON-
FUNGIBLE TOKENS NFTS

The governments of the world have printed so much money and given it to so few hands
by the intermediary of their complicit private central banks, that the money must be put
somewhere. What could be better than an artificially scarce product with a limited number of
units. Gold is heavy, hard to secure, and hard to liquidate in case of emergency. Crypto currencies
take a few seconds to exchange ownership. They exist only in a non-physical virtual world if a
computer, tablet or phone are available with a source of electricity from a functional electrical
grid system or stored in batteries.

Non-Fungible Tokens, NFTs hit the mainstream in 2017 with Crypto Kitties, a digital
game that allowed people to buy and "breed" virtual cats with crypto. So naturally, nerdy video



game developers went berserk over NFTs. NFTs enabled gamers to win in-game animations like
digital shields, swords, or chariots. Then transfer these cartoon trinkets from one game to another
and sell these in-game NFTs in blockchain marketplaces, sometimes for impressive sums.

Then NFTs found their way into the art world, hyped by celebrities who did not know
much about crypto. In December 2020, Twitter founder Jack Dorsey created a non-fungible token
(NFT) from his first-ever Twitter post. He turned a static image of his five-word tweet into a
digital file. This sold for $2.9 million. In an auction a year later, the highest bid was $280. NFTs
raise money for suspicious projects that end in monstrous failures or sudden rug pulls, where the
anonymous founders make off with everyone's money.

If you sell your NFT and profit in dollars, it is only because someone else bought it at a
higher price than you did. And then they expect to do the same, and so on ad infinitum. Every
dollar that comes out of NFT crypto schemes needs to come from a later investor putting a dollar
in. So to presume NFT or crypto investments function as a store of value, we must suppose an
infinite chain of greater fools who keep buying these assets at any irrational price and into the
future forever. This is where these financial instruments leave the realm of reason and enter the
cult-like world of Multi Level Marketing MLLM and quasi-religious movements.

According to Wikipedia: “Multi-level marketing, also called network marketing or
pyramid selling, is a controversial marketing strategy for the sale of products or services in which
the revenue of the MLM company is derived from a non-salaried workforce selling the company's
products or services, while the earnings of the participants are derived from a pyramid-shaped or
binary compensation commission system.”

As we know from the history of other popular delusions, they are usually based on the
madness of crowds and cannot sustain themselves. Instead, NFTs and crypto are games of musical
chairs where participants gamble on timing the market, hoping to be kept from holding the bag
when the music stops.

Bitcoin was not created by freedom loving anarcho-capitalists. A working group who used
a National Security Agency, NSA patent from 1995 created Bitcoin, was headed by Alan
Greenspan the inventor of modern digital money in the 1970's.

The title of their paper is:

“How to make a mint: The Cryptography of Anonymous Electronic Cash,”
https://groups.csail.mit.edu/mac/classes/6.805/articles/money/nsamint/nsamint.htm

"There is no connection between inflation and bitcoin," according to Nassim Taleb, author
of "Black Swan.” "The best strategy for investors is to own things that produce yields in the future.
In other words, you can fall back on real dollars coming out of the company."

Some suggest it a modern Open Pyramid or Ponzi Scheme, similar to fiat currencies to a
certain degree, taking advantage of the wide adoption of electronic communications.

“As the economic crisis nears and worsens, people are looking for real
stores of value. You don't find that in a batch of electrons on a plastic disk
somewhere. For the last 12 years people have been creating these batches of
electrons (Bitcoin, Etherium, etc.) in some desperate and easy attempt to get around
the Federal Reserve.

They don't have the means to buy the massive amounts of gold and silver to
get around the Fed, so they create a concept of electrons. It looks simple,



inexpensive, "decentralized", so people jump on the crypto band wagon, not
bothering to take the trouble to comprehend the concept of value.

Value is held in the physical universe and is measured in terms of human
labor. Consider the human labor involved in creating a crypto currency. It's been
done several thousand times since 2009, creating a trillion dollars of presumed
wealth, but not held in the physical universe.

Compare that effort to mining gold and silver, or development of farmland
or manufacturing a car. The car, farm, gold and silver remain in the physical
universe and can be seen and exchanged. While cryptos can be exchanged among
those foolhardy enough to accept them, they cannot be perceived. They can only be
represented by a bunch of numbers on a computer screen.”

“The "mining" of cryptos has already used-up all of the electrical energy equivalent to all
the electricity that has ever been generated by solar panels.” “The developers of some of these
cryptos understand that if they create a small enough market, they can easily manipulate the
price.”

“Bitcoin is the first digital object that cannot be copied, duplicated, pirated or forged.
Those are the primary attributes that give its unique value. Bitcoin is the first digitally scarce thing
known to mankind, and within its inner workings is a Mathematical mechanism that should make
Bitcoin's value continue to rise. Each bitcoin is mined from so-called "blocks". A block isa 1 MB
piece of information that describes all transactions that take place within a period of time. A new
block is generated roughly every 10 minutes. The Bitcoin network has been generating blocks,
uninterrupted ever since its inception. The first block (genesis block) was generated on the 3rd of
January 2009 and the reward for mining it was 50 bitcoins (BTC). Every subsequent block had
the same mining reward but on every 210,000 generated blocks there is an event called "halving"
which cuts, in half, the reward value distributed to miners from that moment on. In other words,
from block 210,000 onwards the reward is halved to 25 BTC; from block 420,000 onwards, it's
halved to 12.5 BTC; and so on. Since blocks are generated every 10 minutes, "halving events"
take place every 35,000 hours: almost exactly every 4 years.”

Deutsche Bank analysts issued a research note entitled "Bitcoin: Trendy is the last stage
before tacky," quoting the late fashion icon Karl Lagerfeld. “What’s true for glamour and style
might also be true for bitcoin,” wrote Deutsche Bank’s Marion Labour¢. “Just as a ‘fashion faux
pas’, can happen suddenly, we just received the proof that digital currencies can also quickly
become passé.”

All it took for the cryptocurrency to fall out of style was one tweet by financier Elon Musk
who suddenly discovered that mining for it involves the use of large amounts of coal-generated
electricity and a Chinese government statement suddenly discovering the same and after an issued
digital currency that miserably failed as it was conceived to be “cancellable” by the issuing
authorities at will. According to Labouré, the $1 trillion market capitalization of bitcoin makes it
impossible to ignore, but bitcoin’s limited utility for transactions means that “real debate is
whether rising valuations alone can be reason enough for bitcoin to evolve into an asset class, or
whether its illiquidity is an obstacle.” This is why Labouré says “the value of bitcoin is entirely
based on wishful thinking.” “Bitcoin’s value will continue to rise and fall depending on what
people believe it is worth,” a phenomenon that Labouré says is called the “Tinkerbell effect,”
because belief'is critical. As a speculative agent, it is accused of following the “greater fool” tenet.



Governments and financial regulators around the world assessed whether and how they
should regulate the cryptocurrency industry. Investor protection and preventing money
laundering, criminal activity such as ransomware hacking, illegal gambling and tax evasion are
particular concerns. China announced a ban on banks and payment companies offering crypto-
related services which furthered a selloff that briefly wiped $1 trillion off crypto market
capitalization. Government can track, shut down, and end cryptocurrencies if they cannot tax
them and choose to do so.

According to John Kenneth Galbraith, “A Brief History of Financial Euphoria™:

“In the short run, it will be said to be an attack, motivated by either deficient
understanding or uncontrolled envy, of the wonderful process of enrichment. Those
involved with the speculation are experiencing an increase in wealth - getting rich
or being further enriched. No one wishes to believe that this is fortuitous or
undeserved; all wish to think that it is the result of their own superior insight or
intuition. As long as they are in, they have a strong pecuniary commitment to belief
in the unique personal intelligence that tells them there will be yet more.
Accordingly, possession must be associated with some special genius. Speculation
buys up, in a very practical way, the intelligence of those involved. Only after the
speculative collapse does the truth emerge. What was thought to be unusual acuity
turns out to be only a fortuitous and unfortunate association with the assets.”

According to economist John Hussman:

"My largest concern is that people are actually forking over hard-earned
savings in exchange for these tokens, which allows early "miners" to cash out.
That's essentially the defining feature of a Ponzi scheme. Like all speculative
bubbles that rely on increases in price, rather than cash flows generated by the
production of value-added goods and services, Bitcoin isn't actually creating
"wealth." It's only creating the opportunity for wealth transfer, primarily from those
who will end up holding the bag.

Bitcoin has certain characteristics of base money in the sense that it's
exchanged on an electronic ledger, but by design, transactions are limited to an
average of about 2000 per block, with one block successfully validated, on average,
every 10 minutes. In order to validate a transaction block, CPU farms across the
world grind out terahashes of random SHA256 validation attempts in order to
discover a sufficiently small binary that matches the cryptographic hash of the
block.

All of this "mining" burns up about as much energy as it takes to run a
modest-sized country. Validating a block of transactions produces a reward to the
miner (and dilution of the coinbase) of 6.25 Bitcoin per block, which currently
works out to nearly $200 per transaction. Yet the value of the median transaction
in Bitcoin is only about $1000 in the first place."

At this point, crypto currencies are being propped up by speculators hoping to sell at a
higher price, not consumers using it as a currency. They may repeat the history of faded mania:
tulip, pet rocks and cabbage patch kids.



An argument is made that we have roughly 21 million possible bitcoins, BTCs. A good
percentage are likely lost for whatever reason. Of the remaining tokens less than ten entities own
over half of them. The rest are divided amongst the other 8 billion people on the planet. This is
a system that is entirely disfunctional as a viable currency.

Anything that can get ramped 300 % and then get a 50 % haircut in the span of a year in
2021 is not suitable for a store of value, rather it is a speculative vehicle no different than stocks.
At some point in time, you could push a button on your iPhone to do a virtual coin transaction,
and nothing happens. Bitcoin BTC is merely one of thousands of crypto-currencies available for
the Tulip Mania buyers.

Crypto currencies value fabricated by pressing a button by an index finger cannot exceed
the cost of moving the finger. In addition, there are the issues of the value of access to modern
computer hardware and time, the value of: stable and affordable utilities in mining and internet
spending and trading, and the value of the rule of law. The last one being one of the biggest blocks
to further adoption, as tokens exchanges are cashing out illegally, or being defrauded, depending
on one’s point of view. Bitcoin is an investment with no intrinsic value. It crashed twice in a 4-
year period. It went down as fast as it went up. Just another volatile investment.

Blockchain protects against counterfeiting, which makes it better than government fiat
currencies, but it is not theft-proof, and it becomes even less theft-proof if its value is tied to a
commodity that can be stolen or confiscated by a government. History shows us that the
temptation to theft is universal.

GOLD SUPPLY

Gold is the most complex investment asset. It is half commodity, and it behaves as a
commodity, but it is also half currency. It is the only asset that belongs to two asset classes,
properly considered to be a financial asset as “money” and at the same time as a real asset
“commodity”.

Pure gold is so malleable that it can be made into sewing thread and can be molded with
the hands. One ounce of gold can be stretched to over 50 miles. According to poet George Gordon,
Lord Byron in Don Juan:

“O Gold! I still prefer thee unto paper,
Which makes bank credit like a bark of vapor.”

The Enlightenment Period’s French author, historian and philosopher with the pen name
of Voltaire (Frangois-Marie Arouet) is quoted as:

“Une monnaie papier, basée sur la seule confidance dans le gouvernement
qui I’'imprime, finit toujours par retourner a sa valeur intrinseéque, ¢’est-a-dire zero,”

which translates into:

“A paper currency, based solely on confidence in the government that prints
it, always ends up returning to its intrinsic value, which means zero.”



Voltaire advocated for civil liberties and freedom of religion. His writings indirectly
inspired both the American and French Revolutions.

George Washington’s 1786 critique to Thomas Jefferson of paper money in Virginia
states:

“Paper money has had the effect in your state (Virginia) that it will ever have,
to ruin commerce, oppress the honest, and open the door to every species of fraud
and injustice.”

It is said that, even melted down, there would not be enough mined gold in the world to
fill an Olympic swimming pool. Some claim that much of the gold held by the Bank of Canada,
the Bank of England, the USA’s Federal Reserve Central bank at the Bank of New York vault
and at Fort Knox is gone and that for every 100 ounces of paper gold traded on the exchanges,
there exists only one ounce of real, physical gold in the world.

The latest figure from Thomson Reuters suggests that the current world supply is 171,300
metric tonnes. It would fit into the Wimbledon Centre Tennis Court at a height of nearly 10 meters
above ground. They suggest that there is another 52,000 metric tonnes to be mined, adding another
3 meters. The Gold Standard Institute believes that there is much more: 2.5 million metric tonnes.
That would make a cube that towers 143 meters over the court.

Gold has been mined for a long time for over 6,000 years. Nobody really knows how much
was mined in ancient times and what happened to it. King Tut Ankh Amen’s coffin weighed 1.5
metric tonnes alone and some gold experts speculate that many other such treasures were
ransacked by grave robbers and amateur self-proclaimed archaeologists alike. In some countries,
like Columbia, gold is mined illegally and it is suspected that others hold reserves that are not
publicly documented.

For the first time in history, the world’s gold is not fully being recycled. It is currently
used in such small quantities in electronics that it is not economic to recycle it. The British
Geological Survey estimates that about 12 percent of the world’s gold is simply being thrown
away.

CURRENCY SYSTEMS
According to Salvatore Rossi, Chief of the Central bank of Italy, on September 30, 2013:

“Gold is unique among assets, in that it is not issued by any government or
central bank, which means that its value is not influenced by political decisions or
the solvency of one institution or another.”

One of the key currencies, financial assets, forms of savings, forms of money, for most of
the past 5,000 years of human civilization has been gold. Just 160,000 metric tons of gold has
ever been mined on Earth. If cast in the form of a cube it would just cover the size of a tennis
court and its annual production would increase the size of the cube by 4 inches or 10 cms per
year. At $950 per ounce, it is worth $4.9 trillion. In comparison, the total amount of paper money
in circulation as currencies, savings, deposits, money-markets and certificates of deposit (CDs) is
worth $60 trillion or approximately twelve times the value of the gold in existence.



The Greek philosopher Aristotle best defined the primary reasons why gold and silver are
considered as money. A good form of money must be durable, divisible, consistent, convenient,
and have value in and of itself. It functions as money and a store of value. Since 1913, the USA
dollar has lost 96 percent of its purchasing power relative to gold. Gold has preserved its value.
It is the only financial asset that is not simultaneously someone else’s liability. It does not require
the backing of any bank or government.

Anecdotally, at the time of Jesus Christ, an ounce of gold dressed a Roman citizen with
his toga, a leather belt, and a pair of sandals. As of 2013, one ounce of gold still buys a good suit,
a leather belt, and a pair of shoes. In 400 BC, during the reign of King Nebuchadnezzar, some
scholars report that an ounce of gold bought 350 loaves of bread. An ounce still buys about 350
loaves of bread. In 1979, gold average price was $306.68 per ounce. This bought an average-
priced full-size bed. In 2012, an ounce of gold would still buy a nice full-size bed.

For a long period of time in Human history, true money was a coin made out of gold or
silver. For lack of silver, 500 years or so ago in Sweden, people used heavy copper plates as
money. The Swedes punished counterfeiters by cruelly melting down bad coins and pouring the
molten metal down the throat of the perpetrator.

Gold has been superseded by different forms of monetary systems, some of them based
on gold in some form or another. Gold fell about (5.0 — 0.2) / 5.0 = 0.96 or 96 percent from an
estimated 4.5-5.0 percent of world private sector wealth in the late 1960s to roughly 0.2 percent
of world financial assets by the early 1990s, and stayed low until the past few years, but by the
end of 2008, gold’s share of the global financial assets have tripled to around 0.6 percent.

GOLD AND SILVER STANDARDS

In 1717, Sir Isaac Newton, who was then master of the Royal Mint in London, established
a new mint ratio between silver and gold, which effectively put Britain on a gold standard. During
the Napoleonic Wars, the UK curtailed convertibility. This was reestablished in 1821 with the
new £1 sovereign becoming the standard gold monetary coin of the realm, replacing the guinea.

As the UK returned to the gold standard in 1821, most European countries’ currencies
were either tied to silver or to a bi-metallic standard linked to both silver and gold. The currencies
of Germany, Austria-Hungary, The Netherlands, Sweden, Denmark and Norway were silver
based, whereas the currencies of France, Italy, Belgium and Switzerland were bi-metallic.

By 1873, all these countries, except Switzerland had abandoned their respective currency
metal affiliation in favor of gold. The USA also tied the dollar to gold in that year. The Swiss
franc was made convertible into gold in the following year. Thus, 1873 marks the emergence of
the Classical Gold Standard. Each of these national currencies was fixed to the value of an ounce
of gold. The dollar was set at $20.67 and the sterling pound (£) was set at £4 and 5 shillings per
gold ounce. Since silver was no longer a part of the currency mix it’s price fluctuated, strictly
based upon supply and demand.

The Coinage Act of 1873 or Mint Act of 1873, 17 Stat. 424, was a general revision of the
laws relating to the Mint of the USA. In abolishing the right of holders of silver bullion to have
their metal struck into legal tender dollar coins, it ended bimetallism in the USA, placing the
nation firmly on the gold standard.

By August 1971, President Richard Nixon cancelled the dollar’s link to gold. The prices
of both gold and silver became set by the market. The true respective values of gold and silver
can only be assessed from that time.



On November 19, 1967 British Prime Minister Harold Wilson, following several
assurances to the contrary, announced a 14 percent devaluation of the British pound. This
relatively small devaluation of one single, non-reserve currency in November of 1967 turned out
to be quite a spark in the monetary powder keg of the Bretton Woods gold exchange system and
the London Gold Pool. Within weeks of the devaluation, the group of central bankers known as
the London Gold Pool had to sell 1,000 tonnes of their own gold into the public market, 20-times
the normal amount.

Once the gold price peg had been lifted, it began to rise from the artificial price base at
which it had been held for so long. By January 1980, it had reached $850.00 per ounce, which
amounted to a gain of better than 2,400 percent in a little less than eight and a half years.

According to the U.S. Bureau of Mines, there were 9,000 operating gold mines in the USA
by 1940. In Canada, there was a huge exploration boom, particularly along the Abitibi greenstone
belt stretching from north/central Ontario into Québec. Many of the mines discovered and placed
into operation along that belt in the 1930s are currently being explored and in some cases are
being mined at this time.

As the world credit crisis unfolded following the 1929 stock market crash in New York,
the desire to own gold and invest in gold mining companies was not only a North American
phenomenon but an international one, since almost all countries were mired in an economic
depression. Following the destructive stock bear market of 1929 to 1932, capital was very scarce
and what remained flowed almost exclusively to the gold mining industry.

By 1933, twenty-five percent of Americans were unemployed and the government was
desperate to get people back to work. Silver mining was an important activity in the USA and one
of the most important in several western states. The senators in these states wielded considerable
power and they induced President Roosevelt to introduce the Silver Purchase Act of 1934, which
in effect nationalized the silver market, much as the earlier Gold Reserve Act had nationalized
gold. All newly mined silver was sold to the Treasury; thus, the U.S. government set the price of
silver within the United States. The initial purchase price was $0.50 per ounce. In April 1935, the
price was raised to $0.7757. Later it was increased to $0.90 and finally to $1.29 per ounce, where
it remained until silver was denationalized in 1963. Elsewhere in the world, including Canada,
there was no official backing for silver; the price, outside the USA languished. Silver has not
been a monetary metal since 1873 and in the case of Great Britain since 1717. Gold, on the other
hand, despite the fact that all world currencies are fiat, still retains a monetary presence in as much
as most central banks hold gold as a part of their reserves. At this time, some countries, principally
China and Russia are substantially building their gold reserves. The predominant use for silver is
industrial (53 percent); if photo usage is added to industrial, it increases the industrial demand for
silver to 66 percent.

1. Fiat or decree currency system:

Fiat currency systems consist of currencies that are declared as legal tender by
governments by an official sanction or decree with some or without commodity backing. “Fiat”
is Latin for “so be it,” or “let it be done,” meaning money ordered into existence by a sovereign
power.

The inherent worth of a fiat currency is negligible and its value is dependent on the
confidence and its acceptance by the populace. Fiat currencies are inevitably over-printed are the
predominant currency systems in the world today, even though all irredeemable fiat currencies,



without exception, have been unsustainable and ended up on the garbage heap of history.
Attempts at fooling all the people all of the time, to paraphrase USA President Abraham Lincoln,
are deemed to failure.

2. Pure reserve gold and silver standard:

Under the pure one hundred percent reserve gold and silver standard, is commodity money
issued in the form of hard gold and silver coins, or receipts, whether paper or electronic, issued
in lieu of metal held in a money warehouse.

The amount of coinage in circulation plus the receipt money would be equal to the total
mass of metal in the monetary system.

This system existed at the time of the Byzantine Empire in the form of gold “bezant” coins
and was so much trusted that it was also adopted by the Islamic Empire. It does not exist today,
yet is mistakenly referred to sometimes as the “gold standard.”

3. International classical gold standard:

The international or classical gold standard is actually a form of fractional money. One
can redeem paper or electronic currency for a fixed amount of gold coinage. For 100 years, from
1815 to 1914, the USA and the Western world were on, essentially, a gold standard. The USA
dollar remained stable over this period. Since 1913 the USA dollar has lost 97-98 percent of its
purchasing power. The USA presidents James Madison, Thomas Jefferson and Andrew Jackson
did not trust paper money.

In 1872 the Bank of England sent Ernest Seyd, with money to bribe the American
congressmen into demonetizing silver which was plentiful and hard for them to manipulate.
Ernest Seyd drafted the legislation himself, which came into law with the passing of the Coinage
Act, effectively stopping the minting of silver that year. Within three years, 30 percent of the
work force was unemployed. In 1877 riots broke out all over the country.

William Jennings Bryan was the Democratic candidate for president in 1896, campaigning
to bring “free silver” back as a money standard: "We will answer their demand for a gold standard
by saying to them: You shall not press down upon the brow of labor this crown of thorns, you
shall not crucify mankind upon a cross of gold."

In the USA, both gold and silver had been considered as money by the government, with
different values set by law. The Coinage Act removed government recognition of silver as money.
So the farmers and ranchers of the South and West were forced to use gold, which was relatively
hard for them to get compared to silver.

MARKET MANIPULATION

An attempt to corner the gold market was tried by Jay Gould and “Big Jim” Fisk in 1869.
That corner was broken when the USA Treasury Department unexpectedly sold large quantities
of gold into the market after Fisk and Gould had been assured by insiders that the Treasury
Department would not do so.

The Hunt brothers in Texas tried to corner the silver market in 1979 and 1980. That corner
was broken by a combination of scrap silver flooding the market in the form of tea sets and



silverware and changes in the exchange regulations that protected their members by increasing
the margin requirements and hurt the Hunts brothers’ ability to maintain their leveraged futures
positions.

USA’S GOLD CONFISCATION

The USA remained officially under the gold standard according to the Gold Standard Act
of 1900 until President Fitzgerald Deleanor Roosevelt (FDR) outlawed and confiscated publicly-
held gold in 1933.

Under that system, the monetary supply could still be inflated or pyramided upon the total
base amount of metal, which is in principle exclusively possessed by the government.

According to this international classical gold standard, if all the citizenry decided to
exchange their paper receipts at the same time, not enough gold would be available for everyone
to redeem their receipts, and the country would go bankrupt.

When the USA executed the Gold Standard Act of 1900, the first step was for the
government to procure a massive reserve amount of gold from Europe, so that the citizenry could
be persuaded into thinking that their gold could always be redeemed in full. Not all people turned
in their gold holdings to the government, and this lead to hoarding and a black market.
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UNDER EXECUTIVE ORDER OF
THE PRESIDENT

issuied April 5, 1933
all persons are required to deliver

ON OR BEFORE MAY 1, 1933

all GOLD COIN, GOLD BULLION, AND
GOLD CERTIFICATES now owned by them to

a Federal Reserve Bank, branch or agency, or to
any member bank of the Federal Reserve System.
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GOLD CERTIFICATES may be identitied by the words =GOLD CERTIFICATE"
appearing thereon. The serial number and the Treasury seal en the facs of a
GOLD CERTIFICATE are printed In YELLOW. Be careful nok fo ¢sifise GOLD
CERTIFICATES with ather isswes which are redeemable in gald but which are not
GOLD CERTIFICATES, Federal Reserve Motes and Unhed States Wetes are
“redecenahble in gold" but are Aot "GOLD CERTIFICATES™ and
ara not required to be surrandered

Speclal attamdon s directed to the exceptions allowed wnder
Sactlen 2 of the Executive Order

CRIMINAL PENALTIES FOR VIOLATION OF EXECUTIVE ORDER
$10,000 fine or 10 years imprisonment, or both, as
provided in Section 9 of the order
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Figure 39. Presidential Executive Order 6102 for the confiscation of gold, except for rare gold
coins and jewelry by President Franklin Deleanor Roosevelt, Mayl, 1933. The dollar was 100
percent backed by gold at $20.67/ounce. In 1935 the dollar was devalued by 75 percent to
$35/ounce providing the government with a cache of dollars that were still backed by gold to
spend.



Figure 40. Gold and silver (in yellow) as “tender in Payment” in the USA Constitution.
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Figure 41. Evolution of twenty and fifty dollars bills from 1905 to 1914. Gold Certificates
issued by the USA Treasury in 1913 holding title to 2.41896 ounces of gold at the fixed rate of
$50/2.41896 = $20.67 per troy ounce until 1993.



The American public was multiply bilked in the process. At the time, a $20 gold coin
contained $20.67 worth of gold, but the public was handed only a $20 paper bill. The American
banks, who made the exchange, shipped those gold coins to the European banks from which they
received the full value for (20.67 -20.00) / 20.00 = 0.67 / 20 = 0.0335 or an instant 3.35 percent
gain at the expense of the American public.

Seven months later, an executive order was issued, after the gold was confiscated that
devalued the dollar currency and making the $20 dollar gold coins worth $35 in paper money,
further bilking the American public to the tune of (35.00 —20.67) / 20.67 = 14.33 /20.67 = 0.6933
or 69.33 percent profit to the benefit of the European banks that acquired the confiscated gold
coins.

The debasement of the currency affected the issued coins which were initially made out
of copper and silver and had to be replaced with a cheaper metal substitute.

Prior to 1964, the USA quarters and dimes coins were composed of 90 percent silver.
From 1965 to 1970 the half dollars coins were 40 percent silver clad over a copper-nickel or
“cupronickel” mix. Now the quarters and dimes and half dollars have no silver in them at all.
They are now entirely copper and nickel, but only enough to get a little more than Y4 of their face
value.

Prior to 1983, the USA pennies were 95 percent copper and 5 percent zinc. Starting in
1982 the pennies are made of 97.5 percent zinc with only 2.5 percent copper plating. The USA
nickel or 5 cents coin has been cupronickel since 1946: 75 percent copper and 25 percent nickel
with trace amounts of manganese.

Central banks use carrots rather than sticks to induce people to exchange their gold
holdings for paper instruments and practically confiscate it in exchange for depreciating issued
fiat currencies. According to Anand Singh, deputy governor of the Reserve Bank of India
described in July 2012:

“Gold imports have been a substantial part of the current account deficit.
The gold that already exists in the country can be brought out to satisfy the demand
by devising financial instruments that can mimic the returns of gold.”

The Turkish government encourages people to store their gold in tax-free accounts at the
banks, instead of at home. Just before the President Roosevelt’s gold confiscation, most
Americans had already converted their gold into financial instruments responding to government
propaganda describing gold transactions as “old-fashioned.” As very few Americans were using
gold coins in their daily lives, they readily accepted the 1933 gold confiscation without protest.

In 1966 Alan Greenspan, later Chairperson of the USA Federal Reserve Bank, is quoted
as: “In the absence of the gold standard there is no way to protect savings from confiscation
through inflation. There is no safe store of value without gold. This is the shabby secret of the
welfare statists versus gold. Deficit spending is simply a scheme for the hidden confiscation of
wealth. Gold stands in the way of this insidious process that stands as a protector of property
rights”.

4. Gold exchange standard:

Under a gold exchange standard, a country keeps no physical gold that can be redeemed.
For reserves, only other hard receipt money from another nation that could ultimately be



redeemed in gold is kept. An example of this is that many European countries adopted the USA
dollar as a hard currency immediately following World War I. Still, under this standard, a country
can proceed to inflate its currency for as long as it can convince the citizenry and foreigners that
the disparity between the pegged hard currency and their banknotes is acceptable.

5. Gold bullion standard:

Under the gold bullion standard, gold coins are never minted. Redemption in gold is only
permitted in the case of large international transactions. The country’s population is prohibited
from ever possessing the actual gold.

SOUTH KOREA’S PATRIOTIC GOLD CONFISCATION, 1997

During the 1997 South East Asian Tigers banking crisis, the South Korean government
led its people into giving up their gold by using the political angle of patriotism. The Korean
government launched a “Collect Gold for the Love of Korea” campaign and recruited the help of
three major Korean corporations, Samsung, Daewoo and Hyundai, to entice all Korean citizens
into believing that if they did not turn over their gold to the government, they were “unpatriotic”.

The South Korean won currency fell from an exchange rate of 800 won per USD to an
exchange rate of 1,700 won per USD during this crisis. Over 100,000 citizens donated more than
20 metric tonnes of gold, with the exact amount remaining unknown today because the
government stopped reporting official numbers after the donations ran in excess of 20 metric
tonnes. In 2013, at a price of $1,580 a troy ounce, those 20 tonnes represent more than $1 billion
of disappeared wealth.

Ordinary Koreans donated personal gold treasures, which have been melted down into
ingots ready for sale on the international markets. South Koreans queued for hours to donate their
best-loved treasures in a gesture of support for their beleaguered economy. Housewives gave up
their wedding rings; athletes donated medals and trophies; many gave away gold “luck” keys, a
traditional present on the opening of a new business or a 60" birthday. The campaign exceeded
the organizers’ expectations, with people from all walks of life rallying around in a spirit of self-
sacrifice. According to the organizers ten tonnes of gold were collected in the first two days of
the campaign.

South Korea’s traditionally militant labor unions announced that they are willing to join a
consultative body which is being set up to discuss the possibility of job losses alongside
employers and politicians. Many migrant laborers faced the threat of being sent home. A stigma
became attached to taking holidays abroad, or buying foreign-made luxury products.

INDIAN GOLD CONFISCATION

Indians, as one of the largest private holders of gold in the world, understand that gold is
real money and that rupees are fiat currency. Even the poor in India will convert their rupees into
gold or silver whenever possible. To stop gold buying by the Indian masses, the Indian
government jacked up the import tax on gold from 1 percent in December of 2011 to 6 percent
with a further increase to 8 percent by March 2013, a move that represents a 700 percent increase
of the tax on gold in over a one-year period. The result was an increase in gold smuggling into
India to avoid the imposed taxes.



In India, people have protected their wealth with gold over generations. For Indians, gold
is an asset class that bridges inequalities by giving individuals a shot at protecting themselves
against government savings confiscation policies. The government does everything in their
power, with the Indian trade deficit as their excuse, to entice people to surrender their gold in
return for some interest payment. The Indian government introduced a gold monetization scheme,
import duties, documentation requirements for buying gold and campaigns to convince people to
open bank accounts.

At the start of 1960, 1 gram of gold cost 5.37 Indian Rupees. On February 1%, 2016, 1
gram of gold cost 2,443.59 Indian Rupees excluding the premium stemming from the 10 percent
import duty. The Indian Rupee as measured in gold has thus lost 99.8 percent of its value since
1960.

MECHANICS OF THE GOLD STANDARD

Gold is best considered as an asset and not as a currency that can be exchanged or traded
for a corresponding amount of a cash currency or some barter products. A free-market 100 percent
convertible gold standard possesses an inherent stabilizing negative feedback mechanism. The
2008-2012 unsustainable global monetary crisis was rooted in the chronic imbalance of payments
caused by a destabilizing positive feedback mechanism inherent to the fiat money creation system
that would not be possible under a gold standard. This is a major force behind the competitiveness
loss and debt accumulation of chronic trade deficit countries like European GIIPS countries of
Greece Ireland, Italy, Portugal and Spain as well as the USA.

As assumed by the economists Adam Smith and David Ricardo, it keeps debt levels at a
limited level, balances international trade and conveys the verdict of the marketplace quickly to
all producers and consumers. Borrowers can borrow only the amount of actual gold that lenders
wish to lend, so there would not be an excess leverage in the system.

When a country exports goods and services more in value than it imports, it receives
excess gold in payment, increasing up its gold and money supply and consequently its price levels.
When a country imports more in value than it exports, it must send gold to pay for the excess, and
its own gold and money supply declines and so then do its price levels. The excess exporter’s
prices rise and the excess importer’s prices fall to the point that trade balances and gold flows
normalize.

Countries and businesses that fall behind in terms of competitiveness get immediate
incremental feedback from the market, and must make adjustments quickly to remain competitive
in business long before such differentials become excessively large.

HISTORY OF THE GOLD STANDARD, THE “GOLDEN RULE”

The concept of “Golden Rule” underlies the value of fair play and civility in human
relations: “do onto others what you want them to do to you.” It has another less magnanimous
definition, when gold possession is synonymous with both wealth and power. In versions of the
“Golden Rule”: “He who has the gold makes the rules,” “The Golden Rule is really: Those who
have the gold, rule.”

Yet, governments of the world are united in opposing the use of gold as a currency since
it undermines their option of stealthy taxation by inflating their fiat currencies. In the
contemporary global economy, countries with a positive balance of payments acquire gold and



sooner or later, their currencies appreciate whilst the countries with a negative balance of
payments see their currencies depreciate and they become de-facto economic slaves to their
lenders in a subtle form of neo-colonialism.

In an April 2012 speech, Dr. Andreas Dombret, a member of the Executive Board of the
Deutsche Bundesbank, the German central bank, offered the following sober assessment of the
tensions and imbalances that exist between the northern and southern tier of the 17-member
Eurozone:

“Exchange rate movements are usually an important channel through
which unsustainable current account positions are corrected. In a monetary union,
however, this is obviously no longer an option. Spain no longer has a peseta to
devalue; Germany no longer has a deutsche mark to revalue. Other things must
therefore give instead: prices, wages, employment and output.

The question now is which countries have to shoulder the adjustment
burden. Naturally, this is where opinions start to differ. The German position could
be described as follows: the deficit countries must adjust. They must address their
structural problems, reduce domestic demand, become more competitive and
increase their exports.”

The victorious troops in the medieval times were given 3 days to loot and sack a city of
its gold and silver as a payment for their services. Kings faded out from history when they ran
out of gold to pay their armies. King Charles V almost lost his war against the French in Italy
when he ran out of gold to pay his mercenary troops. So, even though he proclaimed himself as
being the protector of Western Christianity, to keep the loyalty of his soldiers, he promised to
allow them to sack the city of Rome.

Following Japan, the UK suspended its gold standard on September 21, 1931, to help itself
out of the Great Depression by inflating its currency. They were promptly followed by Germany
in 1932, the USA in 1933, France in 1936, and Switzerland in 1936.

The USA on August 15, 1971, refused to exchange gold for foreign-owned dollars to stem
its outflow to Europe, effectively killing the Bretton Woods monetary agreement following World
War II.

The International Monetary Fund, IMF, as the global central banker of national central
bankers started on June 2, 1976 the selling of 1,555 metric tonnes of gold; which was one third
of its gold reserve with the stated purpose of: “To reduce the role of gold in the international
monetary system.” It followed its gold sales by adding a Second Amendment to its Articles of
Agreement eliminating gold bullion “as the common denominator of the post-World War 11
exchange rate system.” In May to November 1976, the USA Treasury carried out its own program
by divesting 550 metric tonnes of its holdings.

President Ronald Reagan in the USA appointed on October 7, 1980, a Gold Commission
to investigate the possibility of going back to the gold standard, and if so, at what exchange rate.
The economists married-couple Milton Friedman and Anna Schwarz described its function as:
“Served one paramount objective of its sponsors, promoted discussion of gold in the media, on
television and among the public; a rallying cry for the faithful.” On March 31, 1982, the USA
Gold Commission splits into a majority and a minority factions and issues its recommendations.
The majority’s opinion in its report was that: “A return to the gold standard is not desirable.”
Instead of a gold standard it recommends that: “The growth of the nation’s money supply be



maintained at a steady rate which insures long run price stability.” A minority report dissented
from the conclusion and applauded the compromise action of the return of the USA Treasury to
minting gold bullion coins for retail sales, but only from American produced gold and silver.

The UK government on May 7, 1999, sold half its gold reserve at 395 metric tonnes in
line with most of the European nations, except for France and Germany. Initially, gold drops in
dollar value by 12 percent in response to these sales even before the sales begins with a 2- month
notice to the markets before the first sale; only to quadruple in price over the next 10 years.

A country can inflate its currency if it can persuade the populace and the foreigners that
the disparity between gold and their currency holdings is reasonable.

TRADE IMBALANCES

Nations had to settle up on their trade balances prior to 1971. When one country sold more
goods to its trade partner than it bought from it, the country with the surplus ended up with an
excess of the neighbor’s currency. This surplus currency was then presented to the deficit country
to settle the account by a transfer of gold from the deficit country to the surplus country.

As the gold left the deficit country, it had a slowing-down effect on the deficit nation’s
economy. Investors would cause the interest rates to rise or the central bank raised them. This
resulted in slower economic growth and less spending, thereby balancing the outflow of funds to
the trading partner.

This negative feedback self-correcting mechanism is a stabilizing factor. That stabilizing
element was eliminated as a result of the debt accumulated by the USA in spending on the
Vietnam War. French banks were active in Vietnam and tended to be the recipients of the mone
which flowed to the Bank of France, the French central bank. The French, anticipating a problem
with the dollar currency, proceeded to exchange their accumulated dollars into gold. The Nixon
Administration responded by closing the gold window at the USA Treasury department in August
of 1971. This was an actual default on its financial debt. It caused an increase in the price of gold,
followed by a bust then a large boom. The USA citizens were lured into the debt trap. Their rich
got richer; and their poor got poorer, and the middle classes joined the ranks of the poor. The
manifestation of this change in the playing field is that between 1975 and 1992, the wealth of the
richest one percent of the USA’s population rose from 22 percent of total national household
wealth to 42 percent.

CLOSURE OF THE “GOLD WINDOW?”, “LONDON GOLD POOL”

The London Gold Pool kept a lid on the gold price at $35 per ounce in the 1960s until the
gold price took off, causing its collapse. It took off because the physical gold market and the
paper gold market went out of balance. More physical gold was being demanded at the then-
prevalent $35 per ounce price than the amount of the available metal. Physical gold and silver
have no counterparty risk. Paper-gold and paper-silver have counterparty risk involving a daisy-
chain of interlinked derivatives that are unsustainable and pose the risk of blowing up sooner or
later. This did happen when the Lehman Brothers firm collapsed in the financial crisis of 2007-
2008. The same situation is repeating itself at much higher gold price because inflation has caused
the dollar to lose so much purchasing power since the 1960s.

The USA existed under that system from 1933 until the President Richard Milhous Nixon
and his Secretary of State Henry Kissinger closure of the international “gold window” in 1971,



in response to France, Switzerland and other countries redeeming their surplus depreciating
dollars into gold. He ended the gold-backed monetary system set up by the Bretton Woods
Conference in 1944. The USA was in the process of inflating its money supply and depreciating
its dollar currency to meet the soaring expenses of the Vietnam War and President Lyndon
Johnson Great Society. President Richard Nixon’s administration was trying to exercise wage and
price controls to check an increase in consumer prices of 4.9 percent in 1970. He initiated a decade
of stagflation in the USA’s economy. One of his publicized audio tapes as a result the Watergate
scandal reveals him conspiring with his advisers to blame the fateful decision of closing the “gold
window” on “speculators.” This breach of contract negated a solemn promise of dollar to gold
convertibility of five generations of USA Treasury officials and set the stage for a worldwide
credit and debt bubble within an unsustainable system of unconstrained fiat paper money under
control of privately owned central banks in collusion with the Treasury departments of the states
exercising stealth taxation of the life savings of foreigners as well as their own citizens.. Since
1971, the USA added trillions of dollars to the world supply of currency and credit whilst only
58,000 metric tonnes of gold were mined from the ground.

On August 15, 1971, gold was pegged at the same level that it was in 1933 at $35 per
ounce. Forty years later, in August 2011 it reached $1,900 per ounce implying an appreciation in
2011 of the value of gold relative to its 1971 value by a factor of 1,900 / 35 = 54.29 or 5,429
percent within 40 years. From a different perspective, in 1971 one dollar would purchase 1/35 oz
of gold, whereas in 2011 it purchases 1/1,900 oz. Thus the dollar decreased in value by a factor
of (1/35)/(1/1,900) = 1,900 / 35 = 54.29. The gold appreciation is a dollar’s depreciation by the
same factor of 54.29. Another way of looking at the issue is that one dollar buys only 100 / 54.29
= 1.84 cents worth of the gold it was able to buy in 1971, implying that the dollar in 2011 has lost
100 — 1.84 = 98.16 cents, or 98.16 percent of its 1971 value.

The bulk of the world’s gold holdings are stored in the vault of the New York’s Federal
Reserve Bank. This includes most of the deliverable gold (99.9 percent fine) owned by the
Federal Reserve Bank as a trustee of the USA government’s gold. The gold at Fort Knox,
primarily coin melt (90 percent fine), is just 20 percent of the nation’s gold.

According to the USA Mint, the 147.3 million troy ounces of gold at the military base at
Fort Knox, Kentucky, “is held as an asset of the USA,” in the most impregnable vault on Earth;
built of granite and sealed behind a 22-tonne door, watched day and night by army units with
tanks, heavy artillery and Apache helicopter gunships at their disposal. Since its construction in
1937, the treasure trove also includes the USA Declaration of Independence, the Gettysburg
Address, 3 volumes of the Gutenberg Bible and the Magna Charta.

By the end of 2008, gold holdings of the Exchange Traded Funds, ETFs reached a record
level of 1,090 metric tonnes. By July 212, these holdings more than doubled, to 2,188 tonnes.
Thus, ETF holdings exceeded those of China, Switzerland, Russia and many other large and
important nations.

In the ETFs, individual investors hold more gold than quadruple the European Central
Bank, ECB. Much of the USA government gold reserve dates from the national gold confiscation
of 1933 under President Franklin Roosevelt. Roosevelt had a compliant Congress to do his
bidding and even the Supreme Court backed him up. Many other countries of the world are
currently buying gold as output from the gold mines. China is the world’s largest gold-producing
nation, and its central bank is buying and building reserves. Russia has a tradition of holding gold
and is acquiring gold from its own mine output and via purchases on international markets. India
is following the same uptrend. Small countries like Qatar, are adding to their gold reserves.



Table 17. Official national and market gold reserves, January 2013. Data: World Gold
Council, IMF International Financial Statistics.

Proportion of national
Amount foreign exchange
Country ;
[metric tonnes] reserves
[percent]

USA 8,133.5 75.6

Fort Knox, Kentucky 4,853

West Point, New York 1,682

Denver, Colorado 1,364

Federal Reserve, New York 418

USA Mint, working stock 86
Germany 3,391.3 72.7
International Monetary Fund, 2,814.0 -
IMF
Italy 2,451.8 72.2
France 24354 69.2
Exchange Traded Funds, ETFs 2,814.0 -
China 1,054.1 1.7
Switzerland 1,040.1 10.5
Russia 969.9 9.8
Japan 765.2 3.2
Netherlands 612.5 59.2
India 557.7 9.9
European Central Bank, ECB 502.1 33.4
Taiwan 423.6 5.6
Portugal 382.5 90.3
Turkey 370.0 15.9
Venezuela 356.8 74.6
Saudi Arabia 322.9 2.6
United Kingdom 310.3 15.6
Lebanon 286.8 29.3
Spain 281.6 29.1
Austria 280.0 54.9
Belgium 227.5 394
Philippines 192.7 12.3
Algeria 173.6 4.7
Thailand 152.4 4.5
Singapore 127.4 2.6
Sweden 125.7 10.6
South Africa 125.1 13.1
Mexico 124.4 39
Kazakhstan 116.8 23.2




Libya 116.6 5.1
Bank of International 116.0 -
Settlements, BIS

Greece 111.9 82.2
Korea 104.4 1.7
Romania 103.7 11.5
Poland 102.9 5.1
Australia 79.9 8.9
Kuwait 79.0 11.9
Egypt 75.6 25.8
Indonesia 73.1 3.5
Brazil 67.2 1.0
Denmark 66.5 4.0
Pakistan 64.4 25.7
Argentina 61.7 7.8
Belarus 51.7 30.9
Finland 49.1 23.5
Bolivia 42.3 16.3
Bulgaria 39.9 11.1
West African EMU 36.5 13.7
Malaysia 36.4 1.4

US OFFICIAL GOLD RESERVES (2016)

vault compartments

troy ounces metric tonnes

Denver, Colorado 16 43,853,707 1,364
Fort Knox, Kentucky 15 147,341,858 4,583
West Point, New York 11 54,067,331 1,682
Subtotal - Deep Storage Gold 42 245,262,897 7,629
Subtotal - Working Stock 2,783,219 87
Total - Mint Held Gold 248,046,116 7,715
Total - Federal Reserve Bank Held Gold 13,452,811 418
Total US Treasury Owned Gold 261,498,926 8,134

All weights in fine troy ounces & metric tonnes. Source US Treasury, BullionStar.com

Table 18. Global gold Production, 2013.

. Production,
Rank Country, Region metric tonne / year

1 China 428

2 Australia 255

3 USA 227

4 Russia 220

5 Peru 150

6 South Africa 145

7 Canada 120

8 Mexico 100

9 Uzbekistan 93
10 Ghana 85




\ \ World \ 2,770 |

A sensational story circulated that the USA government at the time of President Bill
Clinton allegedly manufactured or bought some 1.3 to 1.5 million 400 oz, gold-plated, tungsten
bars. Some 640,000 of these bars were allegedly stored at Fort Knox, and the balance of about
800,000 of them was sold or shipped to central banks and other parties, including central banks,
around the world such as Hong Kong. Some of these fake bars were supposedly shipped from
Ethiopia to South Africa and spotted by its central bank. A Chinese company that was in the
business of making gold plated tungsten jewelry, and likely dozens of others around the world,
were suspected to place a gold shell around a tungsten core to fool the uninformed public, but not
the central banks. As Tungsten is slightly magnetic, whereas gold is not, the tungsten bars can
be identified by their magnetic signature.

A story from Reuters in the December 22, 1983 New York Times reported on the arrest
of five men in a hotel in Vienna, Austria. They had ten, fake, gold-plated, tungsten bars that they
were evidently going to try to sell to unsuspecting buyers. These bars were stamped with numbers
linking to some genuine gold bars stolen earlier. Many of the real bars have identifying numbers
from the mints to make it even more difficult to counterfeit and pass them. A story by Edward
Durrell and Peter Beter questioned the presence of the USA gold supply at Fort Knox back in the
1970s. After this story came out on October 1, 2008, there was a surge of other articles that the
gold at Fort Knox was not in fact there or that it was in fact owned or leased to the International
Monetary Fund (IMF).

Senator Ron Paul from Texas; a once Republican presidential candidate, introduced a bill
in April 2011 that would require an audit and a test of the 700,000 gold bars that make up the
USA gold reserve. The Treasury Department objected on the basis that it would take 400 people
working full time for six months to complete the task at a cost of $15 million. During the cold
war this issue came up. In 1951 Charles Tobey, a New Hampshire Republican senator demanded
an inspection of the Fort Knox gold. In 1953 Congressman Carroll Kearns of Pennsylvania
demanded a count of the gold. According to Time magazine, every year into the 1960s
Congressman Kearns “has methodically offered a resolution demanding that a congressional
delegation be dispatched to recount the gold buried at Fort Knox.”

It may be worth noting that the interest on the USA national debt in just one year would
be covered by all the USA gold at Fort Knox and other locations. Assuming an interest rate of
just 1.5 percent, the interest on the USA national debt of $14 trillion as of 2011 would be:

$14 x 102 x 1.5 /100 = $0.21 x 102,
In comparison, the value of the gold at $1,500 / oz would be equal to:
5,000 ton x 2,000 Ib/ton x 16 0z/1b x 1,500 $/0z = $0.24 x 10'2.

The total amount of gold above ground is estimated at 140,000 tonnes which is 90 percent
of the gold ever mined at 160,000 tonnes. Mine production is a limited new supply of 2,500
tonnes / year; becoming harder to find and more expensive to extract.

In 1999 the European central banks wished to lighten their gold holdings after 20 years of
price declines. Their reserves were dominated by gold with 70-90 percent of their foreign
exchange reserves in gold. The European central banks, wishing to minimize the adverse price



impact of their own gold selling on their own reserve gold, collectively decided to create a formal
and transparent framework for gold sales. On September 26, 1999, 15 European central banks
signed the equivalent of a treaty then known as the “Washington Agreement” as they met in
Washington DC during the annual IMF meeting. This would later be called the Central Bank
Gold Agreement (CBGA) 1 with a 5-year duration.

It started out by stating that: “Gold will remain an important element of global monetary
reserves.” They decided that these sales would not collectively exceed approximately 400 metric
tonnes per year with a total of 2,000 metric tonnes. They similarly “agreed not to expand their
gold leasings and their use of gold futures and options over this period.”

This was expanded by CBGA 2 on March 8, 2004 with Greece replacing the UK. The
agreement increased the sales to 500 tonnes per year for a total of 2,500 tonnes until September
2009. Several countries joined the CBGA 2: Slovenia in December 2006, Cyprus and Malta in
January 2008, and Slovakia in January 2009 expanding the number of signatories to 19 nations.

Over the decade period, Switzerland sold 60 percent of its reserve gold, the UK 51 percent,
and Spain 46 percent. Total major CBGA central banks gold reserves fell by 25 percent or 3,867
tonnes. In comparison, in 1998, the total global gold reserves ran 33,536 metric tonnes. By the
end of 2008, they were down to 29,727 tonnes. The European CBGA selling and diversification
into dollar denominated assets was responsible for the fastest decline in the official gold
stockpiles. Yet, global investment demand increased at a faster pace than the central banks selling
resulting in gold increasing in price rather than declining with an average gold price increase of
229 percent from about $299/ounce to about $900/ounce, even though it reached a bottom in early
2001.

Conspiracy theorists suggest that the central banks, in an effort to hold down the price of
gold and hence hold up the value of their national currencies and bonds issues reached a third
Central Bank Gold Agreement (CBGA 3) in August 2009 to sell up to 400 tonnes per year of
sovereign gold. The Eurozone 19 national European central banks which include the European
Central bank itself and Sweden’s Riksbank and the Swiss National Bank have signed up to the
plan. The International Monetary Fund, IMF is allowed to join as a signatory if it so wishes with
its 3,217 tonnes of gold from which it wishes to sell 403 tonnes. The gold holdings of the 10
largest central banks is about 11,000 tonnes. The CGBA signatories as of 2009 hold 54.9 percent
of their reserves in gold.

The top 5 European central banks in terms of gold holdings are Germany at 69.5 percent,
Italy at 66.1 percent, France at 73.0 percent, Switzerland at 37.1 percent, and the Netherlands at
61.4 percent. The top 5 Asian central banks are China at 1.8 percent, Japan at 2.1 percent, Russia
at 4.0 percent, Taiwan at 3.8 percent, and India at 4.0 percent.

The USA holds the largest gold reserves in the world acquired by the end of World War
I from both victorious allies and defeated opponents, estimated at 8,133.5 metric tonnes or
8,133.5 x 10° gm / 31.103 (gm/ troy ounce) = 261.5 million ounces. Note that 1 troy ounce =
31.1034768 gm, whereas the avoirdupois ounce is 10 percent less at 28. 349523125 gm.

The USA’s 261.5 million ounces of gold and a national debt around $18 trillion. This is
worth only about $261.5 billion at a price of gold at $1,000 per ounce. In 2006, the figure for the
M3 dollar money supply was $10.3 trillion, but since then the Federal Reserve central bank has
stopped publishing its figures. It is thought it reached about $15 trillion by 2009. For the national
gold reserves to be worth the 2006 M3 figure, gold would have been worth about $10.3 x 102/
8.1335x 10° gm = $1,266.37 / gm. At the 2009 value of the M3 it would be worth $15 x $10'%/
8.1335x 10° gm = $1,844.22 / gm, or ($1,844.22 / gm) x 31.103 (gm/troy ounce) = $57,360.77 /



troy ounce. Each dollar of currency is thus backed by 1.0/ 1,844.22 =5.4223 x 104 =0.54223 x
10 gm or 0.54223 milligram of gold per dollar of currency. If the debt is considered to be fully
backed-up with the gold reserves, the value of the gold comes out to be: $18 x 10'%/ 261.5 x 10°
= $68,833.652 per ounce. This estimate precludes other forms of money such as dollar
denominated bonds and treasury bills and notes.

As of January 2019, the official money supply, excluding M3 which is not reported
anymore was M1 + M2 = $6.063 x 10'2. Dividing into 261,498,926 troy ounces of gold held by
the USA Government, with Fort Knox considered as leased or empty, including gold held by the
private Federal Reserve but not accounting for gold held in private hands, results in a value of
$23,185.56 / troy oz. From all perspectives, gold priced at 1,350 / troy oz. is substantially
undervalued.

For comparison purposes, as of 2009, the world wealth comprised tangible and intangible
assets. There exists $1,600 trillion worth of derivatives, $125 trillion worth of real estate and
business assets, $100 trillion worth of stocks and bonds secured by assets, $65 trillion worth of
government bonds, $4 trillion worth of actual currency, but just $2-4 trillion worth of gold and
silver.

The USA’s Treasury Department’s failure to conduct a conventional audit of the gold
reserves has been raising eyebrows across the nation. Edith Kermit Roosevelt, the granddaughter
of President Theodore Roosevelt, eloquently railed against the Treasury’s foot-dragging in the
March 9, 1975 edition of The New Hampshire Sunday News, saying: “Allegations of missing
gold from our Fort Knox vaults are being widely discussed in European financial circles. But
what is puzzling is that the Administration is not hastening to demonstrate conclusively that there
is no cause for concern over our gold treasure — if indeed it is in a position to do so.”

Hyman Krieger, the Washington regional manager for the General Accounting Office
(GAO) admitted, for the first time, that Fort Knox — and indeed the entire USA Treasury — had
been practically drained of pure gold. He confirmed this startling statement in a letter dated April
11, 1975, saying that only 24.4 million ounces of the gold reserves of the United States remained:
“We analyzed, as agreed, the gold bar schedules for Fort Knox and found that fine gold in good
delivery form (.999 or better) at Fort Knox totaled 24,411,140 ounces....”. Hyman Krieger,
reported on 4/11/1975 the amount of .995 gold held at Fort Knox: “We analyzed, as agreed, the
gold bar schedules for Fort Knox and found that fine gold in good delivery form (.995 or better)
at Fort Knox totaled 24,411,140 ounces....” This amounts to 24.4 x10° x 31.1 g/oz / 1 x 10% =759
metric tonnes.

Less than 10 percent of the 264 million ounces of so-called “gold” remaining could be
considered “good delivery gold” — the only form acceptable in international trade. The Treasury
had 701,800,000 ounces of gold in its possession less than 20 years earlier. Since, according to
the government, it now has about 220,000,000 ounces of less-than-pure gold remaining; that
means that 480,000,000 ounces of pure gold has disappeared, or 95 percent of the original stock,
between 1957 and 1972.

It is important to remember that the government has steadfastly and inexplicably refused
to allow a standard audit of what gold reserves it still claims to have. A large supply of coin gold
probably remained, but coin gold could not be counted as official USA gold reserves because the
confiscation of privately owned gold in 1933 has never been upheld by the Supreme Court, and
many experts in constitutional law believe it was clearly illegal. This means that the coin gold
belongs to the American people, as private citizens, not to the government, or to the Federal
Reserve. No one knows what really is in Fort Knox today. Both the quantity of gold and its quality



lies under a dark cloud of doubt because the government refuses to provide honest answers. It
appears that the gold was shipped out of Fort Knox legally, as part of the “London Gold Pool,”
without the full knowledge or understanding by the general public.

On the main “central core vault” door are two combination locks, two key-operated locks,
and a timing mechanism that prevented opening the door except at preset days and hours. The
Agent-in-Charge knew one combination and had one key; his Deputy knew the other combination
and held the other key. The key to the timing mechanism was kept in Washington. During WW
II many irreplaceable documents such as the Declaration of Independence, the Constitution and
amendments had been secured in the cell-like compartments surrounding the vault. The war
strategic reserve of rare drugs, vaccines, nerve gas precursors, and biological agents are allegedly
stored there in the 13 compartments. A number of allegations that there is a central core vault at
Fort Knox which was constructed to house the gold supply and is now empty, is countered by the
argument that in fact there is no basement-located “central core vault.” An interesting question
arises: "where is the gold the Fed is supposed to be holding in trust for other countries?

Once the gold standard was removed in favor of a fiat peg tied to trade in energy as the
Petrodollar, the alleged gold stores went into the vaults of transnational banking institutions,
including those which were confiscated via Executive Order 6012. In 1913, the Constitutional
authority of the USA Treasury was transferred to the private Central Banks. Fort Knox does not
guard physical bullion; it guards international wealth secrets including how many times over its
gold has been leased, re-hypothecated, pledged or used as security.

In the “California Gold Scheme” of the late 1800s, bankers in California, upon being
notified that the gold bullion reported to be in their vaults would be audited one-branch-at-a-time,
were able to stretch out the travel time of the auditors between branches so that, by means of a
faster horse, gold previously counted could be sent ahead to the next bank with the auditors
unaware they had audited the same gold earlier.

EXPANSION OF THE USA AROUND GOLD DISCOVERIES

The formation and the political structures of the United States of America occurred in
the 19™ century around the movement of its population in pursuit of gold discoveries and riches
in the North American continent.

Appalachian North Carolina Gold Rush, 1799-1800s

The first documented gold discovery in the USA occurred in North Carolina in 1799 when
Conrad Reed, a young farmer, found a 17-pound gold nugget on his family's property in Cabarrus
County. This discovery ignited the nation’s first gold rush and led to the establishment of
America’s first gold mine, the Reed Gold Mine.

Throughout the 1820s, gold mining thrived in the Appalachian Mountains region, and by
the mid-1830s, North Carolina was the leading gold producer in the USA. This led to the creation
of the Charlotte Mint, designed to turn the mined gold into USA legal currency.

Joseph Bechtler established the private mint Bechtler Mint in Rutherfordton, North
Carolina in the 1830s, producing the first gold dollar coin in the USA and other trusted gold coins
that were widely circulated in the Southeast. The mint provided a reliable local currency long
before the USA government established official mints in the region.



Appalachian North Georgia Gold Rush, 1828-1830s

The second major gold discovery east of the Mississippi River was by Jesse Hogan near
Dahlonega in 1828, attracting thousands of prospectors to the southern Appalachian region. This
led to the creation of the Dahlonega Mint in 1838 to facilitate coin production from local gold
deposits. Franklin Calhoun expanded his wealth and influence through land and gold mining
operations.

This played a role in the displacement of the Cherokee Nation through the Trail of Tears
as white settlers encroached on Native American lands in search of gold.

California Sutter Mill and American River Discoveries, 1848-1855

This began in 1848 when James W. Marshall discovered gold at Sutter’s Mill in Coloma,
California. News of the find spread rapidly, leading to a mass migration of fortune seekers, known
as the "Fourty-niners." The population of California surged as thousands of prospectors flocked
to the state. This helped California become a state by 1850, and cities such as San Francisco grew
rapidly as centers of commerce and trade.

Samuel Brannan, California’s first millionaire, capitalized on the rush by selling mining
supplies to the miners. Claude Chana, a French immigrant, and prospector discovered gold along
the banks of the American River in what is now Auburn, California, shortly after the earlier
discovery at Sutter's Mill. John Sutter: The owner of Sutter’s Mill, lost much of his wealth and
land to the incoming miners. Levi Strauss, Founder of the Levi Strauss Company made his fortune
selling durable denim dress-ware to miners. Leland Stanford made a fortune from gold rush
businesses and used it as a founder of Stanford University.

Rocky Mountains Colorado Pike’s Peak, Colorado Gold Rush, 1859-1861

In 1859, gold was discovered in the Rocky Mountains near Denver, Colorado. A rush of nearly
100,000 prospectors known as the “Fifty-Niners,” ensued. The influx of people and resources led
to the creation of the Colorado Territory. Horace Tabor, initially a prospector, became one of the
wealthiest men in Colorado, known for his success in silver, not gold, mining. Horace Tabor’s
wife, Augusta Tabor played a key role in their business ventures during the gold rush. William
Greeneberry Russell, a prospector discovered the in Cherry Creek and set the stage for the larger
Pike’s Peak rush.

Nevada Comstock Lode Discovery, 1859-1874

The Comstock Lode, discovered in 1859 near Virginia City, Nevada, was known for its
silver occurrence, but it also yielded significant gold deposits. This became a most lucrative
mining boom in American history. The wealth generated from the Comstock Lode helped fund
the Union during the Civil War and contributed to Nevada’s joining the Union as a state in 1864.

Henry Comstock, after whom the Comstock Lode is named, did not profit significantly
from the discovery. On the other hand, John Mackay, one of the "Bonanza Kings," became a
mining magnate and one of the wealthiest men in the USA through the Comstock Lode.

Idaho Gold Rush, 1862-1866



In 1862, gold was discovered in the Clearwater and Salmon River regions. This lead to
the rapid development of mining towns like Pierce and Florence and contributed to the settlement
of the Pacific Northwest. Elias Davidson Pierce was the discoverer of gold in Idaho’s Clearwater
region. Henry Spalding, a missionary, helped maintain relations between miners and Native
American tribes.

The Montana Gold Rush, 1867-1868

Montana had significant discoveries in Bannack and Virginia City. Gold was discovered
in Alder Gulch in 1863, one of the richest strikes in USA history. Henry Plummer, a lawman-
turned-outlaw, became notorious for leading a gang while serving as the sheriff of Bannack.
Granville Stuart was a successful prospector, rancher, and author, but also a key figure in
Montana’s Vigilance Committee.

Black Hills, South Dakota Gold Rush, 1874-1877

Gold was discovered in the Black Hills of South Dakota in 1874 during an expedition led
by General George Custer who later was defeated in the Little Big Horn Battle. This drew
thousands of miners to the region. The town of Deadwood was established as a result of this rush.
This also fueled conflicts with the Lakota Sioux Indian Tribe, as the Black Hills were sacred to
them and were supposed to remain in their possession under the Treaty of Fort Laramie.

Wild Bill Hickok, a legendary figure of the Old West, moved to Deadwood and was
famously killed while playing poker. Calamity Jane, another famous frontiers woman, gained
renown for her adventures and association with Wild Bill Hickok.

Alaska to Canada Yukon Territory Klondike Gold Rush, 1896-1899

The Klondike Gold Rush occurred in Canada’s Yukon Territory impacted the USA Alaska
Territory. Skookum Jim Mason, a member of the Native Tagish First Nation, and George
Carmack are credited with discovering the gold that triggered the Klondike rush. In August, 1896,
Skookum Jim and his family found gold near the Klondike River in Canada's Yukon Territory.

Thousands of prospectors poured through Alaska on their way to the Klondike, Canada
region when gold was discovered in 1896. The difficulty of the journey, along with the harsh
wilderness of the Yukon, made the rush perilous. Towns like Skagway in Alaska became crucial
gateways to the gold fields.

Author Jack London participated in the Klondike Gold Rush, and it inspired much of his
writing, including “The Call of the Wild.”

Alaska Nome Gold Rush, 1898-1909

After the Klondike rush, another gold discovery happened on the beaches of Nome,
Alaska in 1898. This is the last significant gold rush in USA history. John Brynteson, a Swedish
immigrant, is credited for the discovery. Wyatt Earp, a famed lawman opened the Dexter Saloon
in Nome during the gold rush.



Alaska Fairbanks Gold Rush, 1902-1911
Felix Pedro discovered gold near Fairbanks, The Golden Heart of Alaska, in 1902 and
triggered the Fairbanks Gold Rush.

Alaska, Juneau Gold Discovery, 1880

Levi Bootes, an entrepreneur, made his fortune during the Juneau Gold Rush, and became
a leading figure in Alaska’s early gold mining industry.

BLOCK CHAIN TECHNOLOGY, CRYPTO CURRENCIES AS ELECTRONIC
CHAIN LETTERS PYRAMID PONZI SCHEME, BITCOIN STANDARD

Saifedean Ammous in “The Bitcoin Standard: The Decentralized Alternative to Central
Banking,” suggests that what makes gold such a great monetary metal is its high stock-to-flow
ratio. All the gold ever mined, over thousands of years is still with us. Gold’s price “elasticity of
supply” is the lowest of any metal.

In a libertarian book by James Davidson and William Rees-Mogg: “The Sovereign
Individual,” the authors foresaw the block chain technology 12 years prior to fictitious personality
Satoshi Nakamoto’s work. They predict the form of a new digital monetary cryptographically
secured that is independent of all physical restrictions and cannot be stopped or confiscated by
government authorities.

As Satoshi Nakamoto’s protocol caps the number of Bitcoins issued at 21 million, its
elasticity of supply is even lower than gold. The hidden fallacy here is that bitcoin can “fork™ an
infinite number of times and an infinite number of different crypto-coin and tokens variations can
be produced. Satoshi Nakamoto, possibly a pseudo-name for Cliff High or for Craig S. Wright
who filed a patent for block chain technology, published the Bitcoin paper in 2009, a response to
the 2008 financial crash.

Crypto currencies target governments’ monopoly control of money through the privately-
owned conventional central banking system. The current fiat money system that originated from
1973 may be complemented or maybe replaced by digital commodity-based currencies in the
future, assuming a continuation of the digital revolution. It would reduce their ability to generate
and spend unlimited amounts of fiat currency.

Crypto currencies have lots of attributes in common with gold, but possess a few that are
different: Ease of transport, easy to prove it is genuine, and cannot so far be confiscated by
governments unless individuals are forced to divulge the associated list of passwords. However,
unlike physical non-paper gold, their use is dependent on the availability of electrical energy,
computers, and coin exchanges, all of which are still highly vulnerable to hacking, fraud and
government regulation, taxation, tracking, threats, force and manipulation. Crypto currencies can
be considered as the stored energy consumed in the mining process that uses significant amounts
of electricity feeding the mining computers.

As they challenge the dollar primacy and the existing credit card system, Congressman
Brad Sherman from California initiated a campaign to ban the use of crypto currencies in the
USA: “An awful lot of our international power comes from the fact that the USA dollar is the
standard unit of international finance and transactions. Clearing through the New York Fed is
critical for major oil and other transactions. It is the announced purpose of the supporters of
cryptocurrency to take that power away from us... the advantage of crypto over sovereign



currency is solely to aid in the disesmpowerment of the United States and the rule of law.” His
version of “rule of law” includes things like civil asset forfeiture; the taking of property or cash
from people without even charging them with a crime. The USA government regime-changed
and invaded countries like Iraq and Lybia that challenged the dollar standard.

According to the USA Constitution, Article 1 Section 10 Clause 1: "No State shall ... coin
Money, emit Bills of Credit, make any Thing but gold and silver Coin a Tender in Payment of
debts ... ." The prohibition on the states to create any form of money signaled the shift of the
power to make economic policy from the states to the federal government. This is also interpreted
by most authorities that it reserves to the USA Federal Government the responsibility of managing
the nation’s currency in whatever form it deems appropriate.

Crypto currency was started as an alternative to fiat paper and electronic currency. People
were enticed to adopt it with open arms by making it seem like a free and anonymous currency
that threatens the stranglehold of the banking system and governments on financial transactions.
In reality it is providing government entities complete control of money by being able to trace
transactions. Any currency that a person cannot carry and requires an internet connection to make
a transaction is a questionable idea. Currency needs to be something a person can privately
exchange for goods or services without any aid of the internet or anything else for that matter. In
the absence of a computer or a phone to the internet connection as well as an electrical grid or
battery supply such a currency simply lacks mere access, hence actual existence.

Many argue that the ability of individuals to transact in a truly private anonymous fashion,
is still not through electronic traceable means, but as cash transactions. Moreover, there will never
ever be a reliable substitute for barter or changing a recognized store of value in a physical
transaction between two parties, where there is no electronic trace.

Crypto currencies are a digital, global, highly secure version of the old-fashioned chain
letter. The current wave of buyers must guess when a subsequent wave of buyers will emerge,
this second next wave’s participation being contingent on when a third wave of buyers emerges,
and so on. The early birds profit at the expense of the late comers.

Chain letters had a major flaw. The chain order could be compromised by a participant
who miscopies the list and put their name at the front. Crypto currencies fix this flaw by
introducing robustness to chain letter-type games. Blockchain is an unbreakable public record of
where in line game players stand. Altering this chain order would require tremendous amounts of
computer energy power.

Intelligent people do get involved in pyramid schemes and the people who got late into
the game may eventually be left holding an empty bag. The Greater Fool argument applies here,
but it also applies to the stock market, derivatives, art, cars, real estate or tulips that people
perceive as having value.

RECESSIONS AND DEPRESSIONS

The standard definition of a recession is two or more consecutive quarters of declining
GDP and rising unemployment. Since a depression is understood to be something worse than a
recession, investors think it must mean an extra-long period of decline. But that is not the case.
The best definition ever offered came from John Maynard Keynes in his 1936: “The General
Theory of Employment, Interest and Money.” John Maynard Keynes said a depression is: “a
chronic condition of subnormal activity for a considerable period without any marked tendency

towards recovery or towards complete collapse.”



John Maynard Keynes did not refer to declining GDP; he rather talked about “subnormal
activity.” It is entirely possible to have below trend growth in a depression. Weak growth does
not provide enough jobs or staying ahead of the national debt. Before World War II, economic
downturns commonly were referred to as “depressions.” A graph of the level of activity in a
depression over time shows a dip in the economy that would later recover. The down part was
referred to as “recession” and the up part as recovery. The Great Depression was one that was so
severe that in the post-World War II era, economists came up with a euphemism for “depression.”
They did not want to create the image of or remind people of the 1930s. They called economic
downturns recessions, and most people think of a depression now as a severe recession.

The long-term growth trend for USA GDP is about 3 percent. Higher growth is possible
for short periods of time. It could be caused by new technology that improves worker productivity,
or it could be due to new entrants into the workforce. From 1994 to 2000, growth in the USA
economy averaged over 4 percent per year during President Bill Clinton. For a three-year stretch
from 1983 to 1985 during President Ronald Reagan boom, growth in the USA economy averaged
over 5.5 percent per year. In contrast, growth in the USA from 2007 through 2013 averaged 1
percent per year. Growth in the first half of 2014 was worse, averaging just 0.95 percent. Thus
the meaning of depression is not negative growth, but rather below-trend growth.

The Bureau of Economic Analysis and the National Bureau of Economic Research
developed a formal depression definition. The traditional definition of recession is that of two
consecutive quarters of inflation-adjusted contraction in GDP still is acceptable, despite recent
refinements. Although there is no official consensus, a depression would be considered a
recession where peak-to-trough contraction in the economy was more than 10 percent; a great
depression would be a recession where the peak-to-trough contraction was more than 25 percent.

LONG DEPRESSION, 1873-1896

A banking crisis toppled Wall Street. Unemployment in New York City reached 25
percent of the work force. The 33™ president of the USA, Harry S. Truman advanced the most
popular definition of a depression: “It is a recession when your neighbor loses his job; it is a
depression when you lose yours.”

However, the Long Depression paved the way for the rise of modern industries such as
the railroads, oil and steel and spawned a long period of innovation and industrial growth.

Around 1870 the USA’s population primarily lived in the countryside. By 1900, the
economic geography had been transformed from a patchwork of farm plots and small mercantile
towns to a landscape increasingly dominated by giant manufacturing factory cities like Chicago,
Cleveland, Pittsburgh, and Detroit.

GREAT DEPRESSION, 1929-1946

This is the worst economic crisis that the USA has suffered. It became noticeable in
December 1930 with the collapse of the Bank of the United States, a bank in New York not
affiliated with the government. From over 31,000 banks in the mid-1920s, only about 15,000
banks survived by 1934. In 1933 over 4,000 banks failed. At this time a bank failure was almost
always a total wipeout for its depositors since there was no federal deposit insurance until late
1934, and the initial coverage was just $2,500. Depositors in the failed 16,000 failed banks of the
1920s and early 1930s lost their deposits.



The stock market crash in October 1929 was viewed by many as detached from the real
economy. According to E. H. Simmons, President of the NY stock exchange, on January 26,
1930: "The psychological effect of the stock market on business is, I think, usually
overemphasized. I do not think that the fall in security prices will cause any great curtailment in
consumption, and the trade figures thus far available seem to bear out this view." Charles M.
Schwab, Chairman, Bethlehem Steel Corporation on December 10, 1929 said: "Never before has
American business been as firmly entrenched for prosperity as it is today. Steel's three biggest
customers, the automobiles, railroad and building industries, seem to me to justify a healthy
outlook....stocks have crashed but that means nothing to the welfare of business...wealth is
founded on the industries of the nation, and while they are sound, stocks may go up and stocks
may go down, but the nation will prosper."

By the spring of 1930, six months after the crash, over four million Americans were out
of work: "Despite pledges to the government, the nation's business leaders saw no way to save
themselves but to cut production. Some tried by cutting the work week to spread out available
work among more laborers; others tried to keep their employees on by reducing wages. But the
truth was that consumption had slumped tremendously. No one was buying, and more and more
factories and businesses were closing their doors. During the spring of 1930 breadlines began to
appear in New York, Chicago, and other American cities: long lines of patient, hopeless,
humiliated men shuffling forward slowly to receive a bowl of watery soup and a crust of bread
from charity kitchens, Salvation Army halls, and local relief agencies. In New York, the number
of families on relief was 200 per cent greater in March, 1930, than it had been in October 1929.

The depression worsened bringing more and more Americans into the ranks of the
unemployed, as business failures continued to multiply, adding to an increasing number of
banking failures. However, waiting in the wings was a massive bombshell that would make
everything that had occurred since 1929 seem trivial by comparison.

The year 1931 has been aptly termed the 'tragic year'. The crisis had its beginnings in the
overextended Boden-Kredit Anstalt bank, which was the largest and most important bank in
Austria and for that matter Eastern Europe. The bank had encountered serious financial trouble
in 1929, "But various governmental and other sources had leaped to its aid driven by the blind
expediency of the moment telling them that such a large bank must not be permitted to fail (sound
familiar?). In October, 1929, therefore, the crumbling Boden-Kredit-Anstalt merged with the
older Oesterreichische-Kredit-Anstalt, with new capital provided by an international banking
syndicate including J. P. Morgan and Co., and Schroeder of England, and led by the Rothschild
Bank of Vienna. The Austrian Government also guaranteed some of the Boden bank's investment.

In March 1931, Austria and Germany formed a customs union, in a world of increasing
trade barriers (Smoot-Hawley) and restrictions. The French government hated and feared this
treaty, which caused the Bank of France and lesser French banks to call in their short term debts
from Austria and Germany. As a result, the Kredit-Anstalt suffered a run in mid-May. Once again
there was a determined effort to prop it up; the Bank of England, the Austrian Government, the
Rothschild Bank, the Bank of International Settlements and the Federal Reserve Bank of New
York banded together millions of dollars in an effort to save the bank. Finally, at the end of May
the Austrian Government pledged another $150 million (U.S.) to the bank, but the Government's
credit was now worthless, and Austria soon declared national bankruptcy by quitting the gold
exchange standard. This was the beginning of the end of the international monetary system based
on gold. In September of that year Britain followed in Austria's wake declaring bankruptcy by
taking the pound off gold. From that point, it was only a matter of time before the international



monetary system collapsed. This was realized when the USA abandoned the monetary system in
March 1933.

This was an international credit crisis, made principally in America. Not only had
American banks lent copiously to American consumers and corporations during the roaring 20's,
but they had also lent considerable sums abroad. For example, when the crisis hit, American banks
held almost $2 billion (U.S.) worth of German acceptances, and the Federal Reserve Bank of New
York was on the hook for its share of the unsuccessful bail-out of the Kredit-Anstalt bank. When
that bank failed, It was the start of the sovereign debt collapse, but in the U.S., corporate and
consumer debt, principally mortgage debt, had already started to fail, leading to a rising tide of
banking failures. Between 1929 and 1933, 10,000 U.S. banks were put out of business. The
ongoing credit crisis of today is similar in many ways to the 1930s debt debacle. The principal
exception to this comparison being that the debt bubble today is significantly greater than its
1930s counterpart and virtually the entire capitalist banking system is now at risk.

When the world credit crisis began in October 1929, there was first a flight from
questionable securities into strong securities. The second phase saw an intense liquidation of
inventories and commodities. The third phase involved the liquidation of commercial real estate,
houses and farms, both through foreclosures and sacrifice sales at a fraction of prior values. The
fourth stage was a flight from the banks into cash and gold (which ultimately caused the whole
U. S. banking system to collapse) and the fifth and final phase was the flight from the dollar to
gold. This had nothing to do with inflation of the currency or inflation fears; the crisis was one of
deflation and debt liquidation. It was simply the recognition that gold is the only financial asset
that is not someone else's liability and therefore, the only asset that cannot be defaulted and
become worthless.

Following the 1929 stock market crash and the ensuing credit collapse, Donald Hoppe
described the massive flight to gold in this way: "Foreigners cashed in not only their American
stocks and bonds, but also their dollars and hauled American gold away by the boatload.
Americans converted their paper dollars into bank deposits into gold coins and stashed them in
mattresses, hid them in basements or attics or took them on one way trips to Bermuda or the
Bahamas. By July of 1932, Treasury Secretary Mellon secretly informed President Hoover that
the Treasury, the Fed and the banking system were being drained of gold at such an accelerating
rate that a collapse of the gold standard was imminent, and if the USA went off gold the dollar
itself could suffer a severe decline in the foreign exchange markets".

It was not only gold itself that frightened investors turned to as their ultimate safe haven
asset, but it was also to invest in the companies that mined gold and even those that explored for
the precious metal. In fact, following the stock market crash in 1929, what remained of capital
flowed almost exclusively to gold and shares in gold companies both miners and explorers.

The Dow Jones Industrial Average reached a peak of 381 on September 3, 1929. By July
8, 1932, it had hit its floor of 41, a plunge of 89 percent in less than 3 years. The USA Gross
Domestic Product (GDP) was $103 billion in 1929. By 1933 it had fallen to $56 billion, a decline
of 46 percent. Accompanying the free fall in both the economy and the markets, the price levels
were falling as well as the buying power and value of the dollar currency was rising rapidly. The
Consumer Price Index (CPI) was at a level of 17.3 in September of 1929, and by March of 1933
had fallen to a level of 12.6. This 27 deflation represented a 37 increase increase in the purchasing
power of a dollar.

The effect of this deflation was to increase the wealth and the standard of living of people
who had substantial money in savings as cash, or fixed-denomination financial assets that had



survived the economic turmoil, or the bonds of companies that did not default. For these
individuals, all else being equal, their standards of living rose because they had the same number
of dollars, and each dollar bought more than it had previously.

For most of the nation and the world, this increase in the value of a dollar was achieved
at great cost. The reason behind the increase was that dollars had become scarcer for businesses
and most individuals. The destruction of the banks and much of the financial markets had dried
up access to money on attractive terms. Widespread unemployment meant fewer dollars available
to buy goods and services, which drove down the prices, which is what dropped the Consumer
Price Index.

The deflation was not independent of the plunge in the markets and economy, nor just a
result of it. Instead, as most economists agree, this monetary deflation was actually a reason why
the Great Depression got as bad as it did. Because there was not enough investor money, the
source of funding for growing businesses was gone. Because they did not have enough money,
consumers were not spending. And because there was not enough spending, businesses had to lay
people off which resulted in a vicious circle further reducing consumer spending. The nation and
the world became caught in a vicious deflationary cycle, which thet could not break out of.

The Dow Jones Industrial Average, after reaching a high of 381 in 1929, dropped to 43 in
1932; an 89 percent fall. The money supply contracted by 30 percent and the velocity of money
also declined as people held on to their money and did not spend it. Farm prices fell by 53 percent.

President Herbert Hoover is said to have done little to try and prevent the economy from
sliding into depression yet he did pursue an expansionary policy. He had been an activist
Secretary of Commerce under President Warren Harding and President Calvin Coolidge. He was
in favor of government intervention and embraced central economic planning, which he called
“economic modernization.” He increased government spending on public works projects,
propped up weak firms, and bolstered wage rates and prices; all to no avail. President Herbert
Hoover spent 13 percent of the GDP on various “stimuli” to combat the growing depression.
Despite 3 1/2 years of vigorous government spending, the depression worsened and hit bottom
by the time the next President Franklin Roosevelt was inaugurated.

President Franklin Roosevelt after he became president in 1933 launched the “New Deal”
program. His progressive academic advisors believed that the government could run the economy
better than the profit seeking businessmen that they viewed as scoundrels and blamed the free
market economy for causing the depression. He established many bureaucracies and agencies,
and issued acts such as the National Recovery Act or NRA Code Authority which established 700
state supervised trade associations that codified union privileges, stipulated regulations for wages
and working hours and regulated qualities, prices, and distribution methods of what goods the
Authority allowed to be produced. The Agricultural Adjustment Administration, AAA paid
farmers to burn oats, plow under cotton, and kill millions of livestock in order to keep prices up.
The Works Progress Administration, WPA made government the employer of last resort. The
early New Deal “relief” programs the Civilian Conservation Corps, CCC and the WPA were
transfer payments to otherwise unemployed and discontented individuals.

Between 1918 and 1939, American agriculture was in a state of persistent decline, because
the end of the World War I reduced demand for USA exports, and because the substitution of the
tractor for draft animals freed up an enormous amount of land set aside for animal feed. The
excess number of farmers had to be diverted to other occupations. World War II provided farmers
with work in the wartime factories and in military service as government jobs. After the war,
they took up new jobs, in a new economical paradigm with new industries and new professions.



The need for a shift in the existing USA social paradigm is exemplified by the following
educational statistic: 50 percent of Americans do not accept nor understand evolution even as
they live with numerous selected breeds of dogs and cats as “members of their families,” 54
percent believe in physic healing, 50 percent in extrasensory perception, 42 percent in haunted
houses, 38 percent in ghosts, 34 percent in telepathy, 33 percent in extraterrestrials, 28 percent in
astrology, 28 percent in communication with the dead, and 25 percent in reincarnation. Each
American generation needs a justified or unjustified preemptive foreign war that is usually easy
to start but hard to end, to learn and correct their misconceptions, as well as their leaders, about
the facts and subtleties of their own constitution and history as well as world geography, and
culture.

World War II was an unmitigated disaster for most of the world occurred. From the
islands of Japan to the desert sands of Northern Africa, from Paris Stalingrad, the devastation
seemed unrelenting.

The Gross National Product, GNP dropped 31 percent. International trade fell by two
thirds. The unemployment rate climbed to 25 percent. The Great Depression lasted for 17 years,
through World War II until 1946. The war led to job creation and dropped the unemployment
rate to 1 percent with 10 million men drafted into the military. However, as stated by economist
Ludwig von Mises: “War prosperity is like the prosperity that an earthquake or plague brings.”
The cure was worse than the disease. With the advent of more energy intensive weaponry;
measured by civilian and military deaths, World War II was more devastating than World War |
with 72 million deaths compared with an earlier 16 million deaths.

President Franklin D. Roosevelt was inaugurated on March 4, 1933. He came into office
with a mandate and agenda to stop the Great Depression, and that meant breaking the back of the
deflationary spiral. His actions were swift, beginning with a mandatory 4-day bank holiday
imposed the day after his inauguration. Five days after Roosevelt took office, on March 9, 1933
the Emergency Banking Relief Act was passed by the USA Congress. This was the first in a series
of executive orders and bills that would take place over the following weeks and year, and would
cumulatively take the United States government off the gold standard — and would also effectively
confiscate all investment gold from USA citizens at a 41 percent mandatory discount. Prior to this
time from 1900 to 1933, the USA government had been on a gold standard, and had issued gold
certificates. In a matter of days in March of 1933, there would be a radical change would repeal
the gold standard, and effectively make the use of gold as money illegal in the USA.

In the depths of depression, and at the height of a deflationary spiral, the government
successfully broke the back of deflation within one week. In the midst of deflationary pressures
far greater than what we are seeing today, the government not only stopped the deflation, but
reversed it with inflation. Indeed, by May of 1933 within two months after the currency rules
were changed, the monthly rate of inflation hit an annualized rate of 10 percent, and even hit a 40
percent annualized monthly rate by June of 1933.

The Great Depression is thought to have been caused by the inability of the private sector
to repay the debts it incurred during the “Roaring 1920s,” just as the economic crisis of 2008 was
caused by the inability of the private sector to repay the debts it incurred between 1995 and 2008.
Printing money and preventing a contraction of the money supply does not change the fact that
the private sector cannot repay its debts.

Business cycles follow a similar pattern. At the beginning of the cycle, bank lending picks
up, causing an improvement in economic activity. As the credit cycle expands, businesses invest
more and hire more workers. Asset and commodity prices rise. As the firms’ profits expand, the



banks deposits grow. This results in still more credit growth since deposits provide more funds
for the banks to extend more credit. These positive factors reinforce one another for a number of
years and the economy enters a boom period. However, excessive investment leads to gluts and
falling product prices, while overly inflated asset prices become unaffordable and they begin to
fall. Falling product and asset prices lead to business distress and insolvencies. Business failures
lead to bank failures and to the disappearance of the savings and deposits. Credit contracts and
the economy now enters a state of prolonged recession.

BANKING CRISES AND CURRENCY COLLAPSE, 2008-2011

In the 1930s there were two banking crises. The first crisis lasted from September 10 to
December 16, 1930 and the second from February 24 to October 5, 1931. The stock market
bottomed after a gold drain and a currency crisis from March 8 to July 8 1932.

The first banking crisis of the 1930s took stocks to a 59 per cent discount from the 1929
peak; the second banking crisis left stocks down 77 per cent; and in the final currency crisis stocks
bottomed down by 89 percent.

The Federal Reserve central bank reacted swiftly by reducing the discount rate. However,
it did not pump money into the banking system and took no further meaningful action until the
summer of 1931.

Over the period of August 1931 to January 1932 1,860 banks with deposits of $1.5 billion
suspended operations.

PHENOMENOLOGY OF A DEPRESSION

A depression can be defined as a period of 5-10 years of economic stagnation or outright
contraction as a corrective phase of an unsustainable earlier exponential growth expansion. Two
prerequisites are generally advanced for a peace-time depression. The first, though an
unnecessary prerequisite, is a massive expansion of credit based on fractional reserve banking
supported by a powerful central bank. The second is far reaching attempts by governments to
prevent the corrective process from taking its natural course.

Mark Twain said: “History does not repeat but it does rhyme.” Further: “It ain't what you
don't know that gets you into trouble; it's what you know for sure that just ain't so.” A real estate
unsustainable boom followed by a 50 percent crash of the stock market in late 1929, much like
the unsustainable subprime real estate mortgage boom followed by a stock market crash in 2008;
about a human generation of 79 years later. Bernard Baruch, a famous speculator once said: “The
main purpose of the stock market is to make fools of as many men as possible.”

Depressions are associated with a major societal buildup in the extension of credit and its
mirror image, the assumption of debt. Credit expansion continues as long as there are those
willing to lend and borrow and there is the general ability of borrowers to pay both interest and
principal. These components depend upon whether both creditors and debtors have confidence
that debtors will be able to pay, and the trend of production, which makes it either easier or harder
in actuality for debtors to pay. So long as confidence and productivity increase, the supply of
credit tends to expand. The expansion of credit ends when the desire or ability to sustain the trend
can no longer be maintained. The supply of credit contracts as confidence and productivity
decrease.



The social mood trend changes from optimism to pessimism when and if creditors,
debtors, producers and consumers change their respective primary orientation from expansion to
conserving capital. As creditors become more conservative, they reduce their lending. As debtors
and potential debtors become more conservative, they borrow less or not at all. As producers
become more conservative, they reduce expansion plans. As consumers become more
conservative, they save more and spend less. These behaviors result in the reduction of the
velocity of money, or the speed with which it circulates to make purchases, thus putting downside
pressure on prices.

A rising debt level requires so much energy to sustain, in terms of meeting interest
payments, chasing delinquent borrowers and writing off bad loans, that it slows overall economic
performance. When this burden becomes too great for the economy to support, the trend reverses
causing reductions in lending, spending, and production which, in turn, cause debtors to earn less
money with which to pay off their debts, so defaults rise.

Defaults and fear of defaults exacerbate the new trend in psychology, which in turn causes
creditors to reduce lending further. A downward spiral begins, feeding on pessimism just as the
previous boom fed on optimism. The resulting cascade of debt liquidation is a deflationary crash.
Debts are retired by paying them off, by restructuring, or by default. In the first case, no value is
lost; in the second, some value disappears; in the third, all value is liquidated. In trying to raise
cash to pay off loans and generate liquidity, borrowers sell all kinds of assets into the market:
stocks, bonds, commodities and real estate; causing their prices to plummet.

BLACK HOLE OF DEFLATION
Paul Krugman, economist and New York Times columnist, described deflation as:

“The economy crosses the black hole’s event horizon: the point of no
return, beyond which deflation feeds on itself. Prices fall in the face of excess
capacity; businesses and individuals become reluctant to borrow, because falling
prices raise the real burden of repayment; with spending sluggish, the economy
becomes increasingly depressed, and prices fall all the faster.”

Deflationary forces temporarily crash the financial system, and eventually central bankers
and governments inflate currencies, possibly to hyperinflationary levels in their reaction. Gold
prices go into the stratosphere, perhaps $5,000 per ounce. The ultimate gold price in a
hyperinflationary scenario is unpredictable since hyperinflationary forces feed upon themselves
and destroy purchasing power unpredictably.

Gold reached nearly 100 trillion Weimar Marks per ounce in 1923. Gold, if currently
priced in 1945 Argentina pesos would be over 10,000 trillion 1945 pesos per ounce.
Hyperinflation is a destructive, and unpredictable process, even for a reserve currency.

PROGRESSION OF THE GREAT DEPRESSION

A Wall Street collapse started the Great Depression in 1929, but the causes were a
monetary base expansion in the 1920s, the cessation of this expansion in 1929, the governments'
raising of tariff and trade barriers in 1930 all over the West, and the collapse of the Austria's
Credit Anstalt Bank in 1931.



In 1928, the Federal Reserve Central Banks of the world started the process of pricking a
speculative bubble which they fueled with monetary expansion during the earlier decade. In
February 1928, the discount rate stood at a low level of 3.5 percent and it was raised until it
reached the level of 6.0 percent in August 1929. The world economies consequently faltered and
the stock markets crashed in October 1929.

The world was forced into a deflationary period where credit levels were no longer
sustainable. In the following 1930 year, as the stock market declined and deflation took hold both
corporate and treasury bonds rallied as their yields declined reflecting a slowing economy. In
September 1930, corporate yields started to rise despite deflation becoming more entrenched. The
interest rates rose due to concerns about the solvency of the corporations underwriting those
bonds. Government treasuries, on the other hand, continued to increase for another year, until the
banking crisis of May 1931 triggered by the failure of the Credit Anstalt Bank in Austria.

This prominent event converted the economic contraction into the Great Depression. At
this point, even USA Treasury yields began to rise due to solvency concerns. Long-term treasury
yields rose 35 percent over the next 10 months peaking during the banking crisis of 1932. The
price of gold was then increased by 70 percent to counter deflation and a bull market in gold
stocks ensued, being fueled by both a higher gold price and lower input costs.

The Great Depression was described in John Steinbeck’s 1939 novel: “The Grapes of
Wrath,” describing the migration of drought stricken Oklahoma farmers to work as farm workers
in California.

Following President Edgar Hoover, on March 4, 1933 at the height of the Great
Depression, President Franklin Delano Roosevelt is inaugurated as the USA’s 32™ president. In
his famous inaugural address he outlined his own “New Deal” program following in the path of
his predecessor and proclaimed to the American people that “The only thing we have to fear is
fear itself.”

SCHUMPETER’S CREATIVE DESTRUCTION

Recessions are the bad investments and debt liquidation phase following the inflationary
phase in the inventory cycle.

Economist Joseph Schumpeter described the Great Depression: “People for the most part
stood their ground, but the ground itself gave way beneath them.” He also describes a recession
as: “Creative destruction.” Analogous to a forest fire, it returns nutrients to the soil from the dead
wood debris and fosters new growth and revival.

He reasoned that bad investments or “malinvestments” are mistakes that take resources
out of the self-perpetuating economy, slowing economic growth. Once enough malinvestments
are eliminated, the economy is capable of growing again through creative destruction. In the
process, some industries are burned down and eliminated for the benefit of new ones rising from
their ashes like the Greek mythology’s Phoenix bird.

Whereas recessions are a natural feature of the inventory cycle, depressions are a natural
feature of the larger economic cycle, and should be allowed to run their course; for the economy
to change its whole business plan to shed out its structural excesses and become empowered with
new antlers. The Great depression of the 1930s lasted about 20 years, ended with World War II
and moved the USA from a capital investment savings economy to a consumer debt economy
model. Another depression, hopefully without a major war, could switch it back into a capital
investment economy.



CURRENCY COLLAPSE BENEFITS

The evidence shows that currencies collapses are beneficial. Free market economies are
robust enough not to require the intervention of politicians and bureaucrats in order to operate.
When they occasionally stumble and fall, it is healthy for them since this how they shake off the
parasites off their bodies.

Currency collapses tend to spur a resumption of economic growth rather than fueling a
decline in gross domestic product, according to the Bank for International Settlements (BIS) based
in Basel, Switzerland. Currency collapses are associated with permanent output losses of about
6 percent of GDP, on average, though the drop tends to appear beforehand. This suggests that it
may not be the currency collapse that reduces output, but rather the factors that led to the
depreciation.

To gain a full understanding of the implications of currency collapses on economic
activity it is important to carefully examine the full circle of events surrounding the episode. The
positive effects of a weaker currency on GDP, including making local products cheaper than
imported goods, may outweigh the negative ones, such as rising inflation.

The expenditure method for the calculation of the GDP is:

GDP = private consumption
+ gross investment
+ Government spending
+ (exports — imports).

The government spending is actually counted as a net positive value when calculating the
size of the economy even though involves activities from which the overall economy might be no
better off at all. In fact, the best that governments can do is redistributing wealth; not creating it.

Currency collapses occur when the annual exchange rate drops by about 22 percent,
according to the BIS, which identified 79 such episodes, more commonly in Africa than in Asia
or Latin America since 1960.

FIAT CURRENCIES AND GOLD STANDARD

The International Monetary Fund, IMF, was constituted in 1945 as the organization
mandated to implement the Bretton-Woods global monetary system. Its founding articles
established gold as the core unit of value. Since then the IMF has written gold out of its articles
and even banned currencies backed by gold.

The Austrian economist von Mises wrote that true “money” had to survive the regression
test. This means that it must be established whether or not “money” had value before it was used
as “money.” Otherwise, it is only a “money-substitute” which ultimately depends for its value on
just confidence. Paper currencies do not survive the regression test for money, for they were
historically initiated as money-substitutes for gold or silver and over time were stripped of their
promised convertibility to depend for their value on confidence.

A popular argument against having gold as money is that a gold-based monetary system
would be inflexible, and that a dynamic economy requires a flexible or an elastic form of money.
Under a gold-based monetary system the supply of money could not be arbitrarily expanded by



central banks and governments. As a result of a flexible official money policy, the total debt in
the USA economy, defined as government, trust funds, household, business and financial sector
domestic and foreign, was 185 percent on the national income at $21 trillion around 1957 to the
early 1970s; but by 2008 the total debt has grown by $36 trillion to 500 percent of the national
income at $57 trillion.

In the early twentieth century up until 1914, the USA and most European nations were
under the international classical gold standard. China operated under an international classical
silver standard. The USA instituted the central bank Federal in 1914 via the Federal Reserve Act
of 1913.

Gold has been demonized as a financial asset; called a “barbaric relic” by economist John
Maynard Keynes. A Bank of England official describes gold in Ian Fleming’s 1959 James Bond
movie Gold Finger as: “Fear, Mr. Bond, takes gold out of circulation and hoards it against the
evil day. In a period of history when every tomorrow may be the evil day, it is fair to say that a
fat proportion of the gold dug out of one corner of the Earth is at once buried again in another
corner.” That is; gold is dug out from the entrails of the Earth to be then reburied in bank vaults
or individuals’ safes.

In 1921, Lenin wrote in the Pravda Russian newspaper in an article about the “Complete
Victory of Socialism,” that: “I think we shall use gold for the purpose of building public lavatories
in the streets of some of the largest cities in the world.”

On the other hand, Bernard Baruch (1870-1965) said: “Gold has worked down from
Alexander’s time. When something holds good for 2,000 years, I do not believe it can be so
because of prejudice or mistaken theory.”

The fact still remains that it is also adorned as investment jewelry constituting a financial
asset, a store of wealth and savings account in countries without a formally organized banking
system such as South East Asia, particularly India, and the Middle East.

In 2006 gold represented 0.2 percent of the world’s wealth and 0.4 percent at the end of
2007. After the financial meltdown and wealth destruction of 2008 it is estimated at 0.6 percent.

HYPERINFLATION AS A PRELUDE TO WAR

To finance World War I, France, Holland, Germany, Britain, Belgium, and Italy broke out
of the international classical gold standard and issued paper currency to finance their military
spending deficits. The four-year long war would have only lasted a few months if these countries
had remained on the international classical gold standard or their paper debt been refused by other
countries such as the USA.

As a result of the inequities of the Versailles Treaty and the Armistice in 1919 following
World War I, and the exorbitant war reparations imposed on Germany, the Weimar Republic
hyperinflation of 1923 was instigated to repay Germany’s debt with a deflated currency. In
revenge, the gold reparations imposed on Germany were set as the same amount as the Germans
imposed upon France after the Prussian/French war. Germany was placed under considerable
stress in the 1920s and the 1930s, and became the subject to a starving blockade by the English
Navy. With no further defenses left, Germany was stabbed in the back and forced to take the
blame for the war and to pay the cost of war reparations. In addition, Germany had wasted its
capital in the trenches of Verdun and the Somme during World War I.

Germany could barely feed its population, let alone pay billions in gold in compensation
to her former enemies. When Germany failed to make the payments, the French invaded and



seized the richest and most productive industrial area of Germany, the Ruhr Valley. The war
reparations were never fully paid by Germany.

The situation was an impossible one with the French and British themselves owing large
sums of war debt to the USA. They expected that the payments by Germany would balance their
accounts. However, Germany’s war debt was far beyond what it could pay and could not default
and declare bankruptcy in the way that debtors who own too much typically do. In hindsight, had
not the war reparations been set at an unbearable level, Germany, France and the UK could have
reached an agreement on forgiving the debt. Germany could have been joined the company of
nations and World War II might have been avoided. The allies were too eager to assign the guilt
to Germany, and practically forced Germany into a defensive, xenophobic and ultimately
delusional position by bringing the National Socialists or Nazis to power, seeding the seeds for
World War IL

Germany, Russia, Poland, Austria, and other countries suffered greatly from the
apparently only way out: the Weimar Republic hyperinflation. It was eventually suppressed by
the introduction of the Rentenmark; a currency backed up by mortgaged land and industrial goods.
The rate of the Rentenmark to the earlier Papier-mark was 1:1 trillion.

A problem in Germany was the low productivity of its farmland due to a lack of
investment in the farm sector. In the 1930s, about 9 million people worked in farms in Germany,
compared to more than 10 million in the USA, which had 7 times as much arable land. The birth
rates fell in half, from the 1870s to the 1920s in Germany. In 1933, a law created a legal entity
called an “Erbhof,” as a farm that could not be bigger than 125 hectares and could not be sold nor
mortgaged, and had to be passed from father to son. The advantage is that the government freed
the farmers from much of the burden of debt. The disadvantage was that the farmers could not
finance expansion, purchase new equipment or capital investment in the family farms.

The disastrous solution was to invest in a war machine in the Wehrmacht then use it to
seize farmland from Germany’s neighbors in Poland, the Ukraine and Russia in imitation of what
the English, the French, the Spanish, the Dutch and the Russians had done during the colonial era.
They had each seized large territories, exterminated of the people who lived on them, used the
survivor as cheap slave labor, and converted them into cellar that would feed their own people,
much like the earlier Roman Empire. The British colonized North America, Australia, India and
Egypt, the Spanish took South America, the French occupied large areas in Africa, north and
south of the Sahara Desert and the Middle East, the Russians took over most of the Eurasian
landmass. The French and the British had taken over the German colonies in Africa and South
East Asia after World War I, so Germany turned its sight toward its immediate neighbors.

Germany’s shifted its investment from food production to war production; another
unsustainable process. By 1938, fully 19 percent of its national output was directed towards the
military, compared to just 2 percent in the USA. In the late 1930s all of Europe followed the
German example, which rose to 23 percent, spending an elevated percentage of their output just
for unproductive military expenditures, with France at 17 percent and the UK at 17 percent.

Unintended consequences appeared, forcing Germany to impose price controls to control
soaring prices for limited supplies of food. A system of substitution was created in 1935 with
bread flour diluted with corn meal and potatoes starch. Hoarding and shortages prevailed, forcing
food rationing for an entire population from 1935 until after the end of World War II. Reducing
the spending on the military was not possible due to ideological reasons, even as Germany was
going broke and falling into the World War II disaster. According to German Air Force Marshall
Herman Goring:



“No end of the rearmament is in sight. The struggle which we are
approaching demands a colossal measure of productive ability. The only deciding
point in this case is victory or destruction. If we win, then business will be
sufficiently compensated. It is entirely immaterial whether in every case new
investment can be amortized. We are playing for the highest states. All selfish
interests must be put aside. Our whole nation is at stake. We live in a time when
the final battles are in sight. We are already on the threshold of mobilization and
are at war, only the guns are not yet firing.”

On the side of the World War I victors: the USA, UK, France, and Italy; the USA ended
up with a large horde of gold. American Federal Reserve Bank chairperson Benjamin Strong
massively inflated the dollar currency to help prop up the Bank of England's gold bullion standard,
without a clear perceived benefit to the USA.

A Great Inflation took place over the period 1921-1929 and the American monetary
supply was inflated by 62 percent, or a 7.7 percent annualized rate. The central bank of the USA,
the Federal Reserve, had to stop the gushing river of credit at the end of 1928, by restricting the
money supply. This preceded the stock market crash of 1929, as well as collapses in farm prices
and commerce and a deflationary spiral.

In 1931 an intervention by J. P. Morgan, the Rothschild Bank, the Bank of England, the
Bank of International Settlements (BIS), and the Federal Reserve Bank of New York attempted
to avert the collapse of Kredit-Anstalt, Austria's mega bank. The attempt failed when France
called in its loans issued to Germany and Austria, which had formed a customs and trade union
on March 21, 1931.

A trade collapse in Europe crossed the Atlantic, when the Federal Reserve and many
American banks, which had bought up German debt that plummeted in value, found that their
capital had collapsed.

Germany and Austria tried desperately to cling to their international gold exchange
standard. On September 21, 1931, the Bank of England abruptly left its gold bullion standard to
avoid a wave of speculative attacks on the Sterling Pound, and depreciated the British Pound,
causing massive losses to the French banks. Markets and trade froze up, and bank runs and panics
took place everywhere.

In the USA, President Edgar Hoover began initiated a government assisted economy
referred to the “New Deal,” to provide employment and avoid street rioting for food and a possible
societal collapse.

President Franklin Deleanor Roosevelt ended the international classical gold standard. On
March 5, 1933, he asked the American public to return their gold coinage to the banks. With a
low rate of compliance, on April 5, 1933, he then made the private ownership of gold illegal and
demanded that all remaining gold be surrendered to the government. In addition: “All safe deposit
boxes in banks or financial institutions have been sealed... and may only be opened in the presence
of an agent of the IRS.”

Interestingly, President Roosevelt reintroduced the gold standard back on January 1, 1934,
and fixed the statutory price of gold at $35 per ounce “in the interest of the national economy,” a
price that was observed until 1971 as it was also incorporated into several international treaties.
This move succeeded in stabilizing the interest rates over that period. We should here note that
a stable interest rate structure is not to be confused with a falling one. The stable one is a great



blessing; whereas the falling one is a great scourge. It took 36 years after 1971 to find out what
the difference is. Falling interest rates, with a lag, mean falling prices, falling employment, serial
bankruptcies, and simultaneous erosion of the productive and financial capital, deflation and
depression.

Economist Milton Friedman and his spouse Anna Schwartz wrote in their book: “A
Monetary History of the United States, 1867-1960,” that President Roosevelt devalued the dollar
from $20.67 to $35.00 per troy ounce of gold to partially account for all of the inflation that had
occurred since 1914. Those who were forced into giving their gold to the banks in March and
April now realized a whopping 70 percent loss of their purchasing power, which had been
appropriated by the FED. Those who retained their gold were now conveniently branded as
outlaws, and unable to legally use their gold as a currency.

After President Roosevelt confiscation order was passed, only about 20 percent of the
outstanding gold coinage was turned in, the rest was hoarded and disappeared from circulation.
This had an international effect because, for either ignorance or willing compliance by foreign
governments, they did not devalue their currencies against gold at the same time, in 1935. So a
gold trader could buy gold at the old price of $20 outside the USA, in foreign currencies sell it to
the USA for $35 an ounce. The USA managed to acquire a hoard of over 26,000 tonnes of gold
ahead of the outbreak of World War II in 1939.

Massive unemployment reaching 25 percent in 1933 started the USA’s Great Depression
of the 1930’s, which was eventually remedied by the start of World War II in 1942, providing full
employment toward the war production effort. The boom of 1942 assisted the USA in achieving
great wealth and power, but caused destruction to Europe and the rest of the world. Even though
when the war ended, government debt was 120 percent of gross domestic product, the rapid
growth and prosperity in the 1950-1960 period quickly reduced the debt through increased tax
receipts.

It is largely not well known that the American citizenry was not permitted to own gold
coins and bars until 1975.

WEALTH CREATION: INTERNATIONAL RULING AND BANKING
DYNASTIC FAMILIES

Plato in ancient Greece, 2,400 years ago, envisioned a world made up of ten dynastic
families who would be the powerful rulers in the gold classification in his ideal society. These
ten rulers would come to power and stay in it based on inherited rights and privileges. The class
of ten “gold rulers” would be supplemented and protected by a larger group of “silver rulers.”
The gold and silver rulers would be the “haves” in the world society who would own and control
almost all of the wealth and power in the world. The third category of “bronze workers” are the
peon workers and cannon fodder class, supporting the gold and silver masters. It is this bronze
category of workers who are to be the “have-nots” in Plato’s hypothetical society of happiness
and joy where the gold rulers love and care for the underlings which they rule over and dominate.

Political leaders such as Roman Emperor Augustus Caesar, King Solomon and Chinese
Emperor Shenzong accumulated great wealth by controlling their empires, but bankers like
Cosimo de Medici were factually pulling the strings from behind the front fagade. In earlier times,
wealth was accumulated as land control. In modern times it is associated with industrial and
financial assets. For instance, the Rockefeller dynasty became powerful in oil and banking in the
USA, Edward Harriman in the railroads and Andrew Carnegie in steel.



EUROPEAN BLACK NOBILITY, OLIGARCHY

The Bilderberg Group, 500 years ago was called the Venetian Black Nobility. The idea
behind the European dynastic oligarchy has not changed, it is the wholesale destruction of
anything related and affiliated with the idea of a nation state. The Catholic Black Nobility were
the Italian aristocrats who had remained loyal to the Holy See or Vatican after the rise of Garibaldi
in the nineteenth century."

The Black Nobility is mostly Europe's oldest and most powerful families. The head of the
Black Nobility is the family that can claim direct descent from the last Roman emperor. Most of
these families are wealthy and may be more powerful today than when they sat upon thrones. The
Black Nobility refuses to ever recognize any government other than their own inherited and divine
right to rule. They work diligently behind the scenes to cause conditions whereby they might
regain their crowns.

The Black Nobility is the oligarchic families of Venice and Genoa, who in the 12th century
held privileged trading rights or monopolies. The first of three crusades, from 1063 to 1123,
established the power of the Venetian Black Nobility and solidified the power of the wealthy
ruling class. In 1204 the oligarchic families parceled out feudal enclaves to their members, and
from this date, they built up power until government became a closed corporation of the leading
Black Nobility families.

The European Black Nobility is responsible for the insidious entanglements of numerous
secret societies and organizations, which are backed with high finance and powerful political
connections. Such organizations include: the Trilateral Commission, Bilderberg Group, Council
on Foreign Relations (CFR), United Nations, International Monetary Fund (IMF), World Bank,
Bank of International Settlements (BIS), Club of Rome, Chatham House, and many others.

During the Middle Ages, the European power centers coalesced into two camps: the
Ghibellines and the Guelphs. The Pope then allied himself with the Guelphs against the
Ghibellines resulting in their victory. Modern history stems directly from the struggle between
these two powers. The Guelphs were also called the Black Guelphs and Black Nobility. Every
subsequent coup d'état, revolution and war has centered in the battle of the Guelphs to hold and
enhance their power, which is now the World Order. The power of the Guelphs grew through
their control of banking and international trade.

The Rothschilds accumulated wealth issuing war bonds to Black Nobility for centuries,
including the British Windsors, the French Bourbons, the German von Thurn und Taxis, the
Italian Savoys and the Austrian and Spanish Hapsburgs. The Rothschilds had the crown heads of
Europe in debt to them and this included the Black Nobility dynasty, the Hapsburgs, who ruled
the Holy Roman Empire for 600 years."

At the center of oligarchy is the idea that certain families are born to rule as an arbitrary
elite, while the vast majority of any given population is condemned to oppression, serfdom, or
slavery. Oligarchs identify wealth purely in money terms, and practice usury and monetarism.
The oligarchy has believed for millennia that the Earth is overpopulated.

The essence of oligarchism is summed up in the idea of the empire, in which an elite
identifying itself as a master race rules over a degraded mass of slaves or other oppressed victims.
If oligarchical methods are allowed to dominate human affairs, they always create a breakdown
crisis of civilization, with economic depression, war, famine, plague, and pestilence. A pillar of
the oligarchical system is the family fortune. The continuity of the family fortune which earns



money through usury and looting is often more important than the biological continuity across
generations of the family that owns the fortune. Present day European Black Nobility families are
connected with the House of Guelph, one of the original Black Nobility families of Venice from
which the House of Windsor and thus the present Queen of the UK Elizabeth II descends.

THE DE MEDICIS BANKING FAMILY

Three closely associated sources of acquisition of great wealth exist in the world today:
the grain trade, the energy business, and international finance. Their influence and power
transcends national boundaries and political persuasions. According to an opinion attributed to
Napoleon Bonaparte, Emperor of France, 1815: “When a government is dependent upon bankers
for money, they and not the leaders of the government control the situation, since the hand that
gives is above the hand that takes... Money has no motherland; financiers are without patriotism
and without decency; their sole object is gain;” after all, they financed his enemies into defeating
him.

Figure 42. Napoleon Bonaparte, Emperor of France, 1815.

American investor Warren E. Buffet buried a little nugget as a perverse dig at bankers in
his 2010 annual letter to the Berkshire Hathaway Company regarding the perverse incentive
system for bankers for advice on mergers and acquisitions: “Don’t ask the barber whether you
need a haircut.” In his 1989 letter to shareholders he famously wrote about the “institutional
incentives” which describes how an entire organization can rise up to help a boss justify some
deal he is inclined to do, regardless of its merit.

The financial dynasties are similar to, but much longer-lived than the ruling royalty and
dynastic monarchies that dominated Europe for centuries such as the De Medicis in Florence, the
Hohenzollerns of Prussia, Romania and Germany, the Romanovs of Russia, the Hapsburgs of
Austria and the Ottomans of Turkey, as well as the House of Windsor in the UK, the Hashemite
House in Jordan, the House of Al Saud in Saudi Arabia and the House of Al Sabbah in Kuwait.
One can extend the analogy from the royal families to the political shorter-lived inherited
republics ruling families of Bush in the USA, and Al Assad in Syria.



The Hohenzollern dynasty in Prussia/Germany, with its stable constitutional monarchy,
and the ancient Habsburg dynasty of Austria-Hungary with its multinational central European
empire, were eventually swept away. Europe's leading states shared not only the same Western
cultural foundations, but most of the continent's reigning monarchs were related by blood:
England's King George was, through his mother, a first cousin of Tsar Nicholas of Russia, and,
through his father, a first cousin of Empress Alexandra. Germany's Kaiser Wilhelm was a first
cousin of the German-born Alexandra, and a distant cousin of Nicholas.

The acquired wealth gets inherited, leading to economical and banking dynasties such as
the traditionally Anglo-Saxon international banking institutions of J. Pierpont-Morgans and the
Rockefellers-Roggenfelders in the USA, the Rothschilds in the UK and France, the Lamberts in
Belgium, the Oppenheimers, the Bronfmans in Canada, the Lazards Fréres in France, and the
Warburgs in Germany. The central banks such as the Bank of England, the Bank of France and
the Bank of Germany were not originally owned by their respective governments, before being
nationalized, as their names insinuate, but were privately owned monopolies granted to their
owners by the kings and heads of state, in return for a partial shares-ownership and loans to
finance social programs or internal and external war campaigns. Investment, international or
merchant bankers also formed durable systems of privately owned international cooperation and
influence.

The Medici Bank (1397-1494) in Florence, Italy was in the late 14™ century one of the
most important and wealthy institutions in Italy and Europe. It introduced the double entry book-
keeping system of credits and debits used in accounting to our day. The wealth of the Medici
family originated in the textile wool and silk trades, in alum as a coagulant for water purification
and as a dye fixer for wool and merchant vessels and in large land holdings. At some time, the
currency issued by the Medicis was accepted in Europe in preference to other currencies. The
demise of the bank started with lending to secular rulers who were notorious for their
delinquencies such as Edward IV of England who was unable to repay his loans used to launch
the War of the Roses. It ended with heavy leverage, fraud by its principals and by the invasion
in 1494 of Charles VIII from France of Italy.

The Medici’s gained control of governments in various Italian regions and, later, even
assumed the papacy. The Medici appointed family members as princes in lands afar and assured
their protection by the Medici-controlled Vatican. It was a common practice of Florence banks to
hold as small as 5 percent of their deposits in reserve. Like in modern days, such an unsustainable
practice may have been the reason for their sudden dissolution and collapse.

John D. Rockefeller built his family’s fortune with the Standard Oil Company. Just before
the crash of 1929, Rockefeller and other investors: J. P. Morgan, Joseph F. Kennedy and Bernard
Baruch shifted their stock holdings into gold, acquiring great wealth. Andrew Carnegie made a
fortune in the steel business. Frederick Weyerhaeuser made his family’s fortune in timber, land
and saw mills. Andrew Mellon and his brother Richard Mellon branched from banking into oil,
steel, aluminum and coal.

THE CURRENCY ACT, USA WAR OF INDEPENDENCE
The American Colonies during the period 1750-1764 issued the “Colonial Scrip,” as an

interest-free currency. Around 1762, Benjamin Franklin, acting as the colonies' representative in
Britain, argued:



“You see, a legitimate government can both spend and lend money into
circulation, while banks can only lend significant amounts of their promissory bank
notes, for they can neither give away nor spend but a tiny fraction of the money the
people need. Thus, when your bankers here in England place money in circulation,
there is always a debt principal to be returned and usury to be paid. The result is
that you have always too little credit in circulation to give the workers full
employment. You do not have too many workers, you have too little money in
circulation, and that money which circulates all bears the endless burden of
unpayable debt and usury.

In the Colonies, we issue our own money. It is called Colonial Scrip. We
issue it in proper proportion to make the products pass easily from the producers to
the consumers. In this manner, creating ourselves our own paper money, we control
its purchasing power, and we have no interest to pay to no one.”

The “Currency Act” was issued on November 15, 1763 by King George I1I of England
requiring the American colonists to use and pay interest only on currency notes issued by the
Bank of England. The USA fought the American Revolution or War of Independence for freedom
from The Currency Act.

According to the writings of Benjamin Franklin:

“The refusal of King George the Third to allow the colonies to operate an
honest money system which freed the ordinary man from the clutches of the money
manipulators was probably the prime cause of the revolution.”

“The colonies would gladly have born the little tax on tea and other matters
had it not been the poverty caused by the bad influence of the English bankers on
the Parliament which has caused in the Colonies hatred of England and the
Revolutionary War.”

Figure 43. Benjamin Franklin.
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Figure 45. King George III painting by Sir William Beechey.

The USA Government took steps to keep the bankers from holding office in the new
government. As signed by first president George Washington at the Third Congress of the United
States Senate on December 23™ of 1793:

“Any person holding any office or any stock in any institution in the nature
of a bank for issuing or discounting bills or notes payable to bearer or order, cannot
be a member of the House whilst he holds such office or stock.”

LONDON GOLD FIX



In the past, each day, representatives of four London banking firms: Samuel Montagu,
Sharp Pixley, Johnson Matheson and Mocatta and Goldsmitt, used to have the privilege of
meeting to set the global price of gold at the London office of the N. M. Rothschild and Company
Bank. Although the official London Gold Pool disbanded in 1968 when it suffered massive
outflows of bullion trying to frustrate free market forces that were manifesting themselves as
insatiable demand for the metal, there are claims that a second London Gold Pool is covertly
operated.

The London fix is the price upon which contracts in gold the gold industry are based
throughout the world. The participants cover all the professionals in the industry together with
wealthy speculators. These include mining companies, jewelers and central banks. The “Fix” is
set twice daily after a telephone call between the five gold bullion banks; Barclays Plc, Deutsche
Bank AG, Bank of Nova Scotia, HSBC Holdings Plc and Société Générale SA., who also are
linked by phone to their clients, weigh up a balance between the demand and supply that comes
to them and fix the price at that balance. Then all the deals done at that Fix are executed at that
price. About 90 percent of the global physical demand and supply pass through that market.

The “Fix” is no longer conducted in an actual meeting but by conference call. The bullion
banks’ representatives communicate with their trading floors and with each other during the
conference call to find the clearing price at which all buying interest and all selling interest is
balanced. When this price is determined the price is said to be “fixed”. This is exclusively a
physical gold market activity. It is balancing the number of bars of gold for sale with the number
of bars demanded for purchase at a particular price. The fix is divided into a morning am-fix at
an upped price at which the banks are usually selling at a high price and an afternoon pm-fix at a
lowered price at which they are buying gold that is offered to them by the central, bullion and
investments banks acting as agents of Western governments wishing to defend their currencies
by manipulatively suppressing the price of gold and hence defending the value of their currencies.

The systematic forced price suppression of gold is a fact, and it is done, among other
reasons to "smother" witness to the value loss in fiat currencies.

According to the FDIC:

Five Things to Know About Safe Deposit Boxes, Home Safes and Your Valuables:

Over time, your valuables change, and so do your options to protect them.
Here are a few choices, including safe deposit boxes and home safes, along with
suggestions on how to assess each option for your specific needs.

Think about what should or should not be kept in a bank's safe deposit box. Good
candidates for a safe deposit box include originals of key documents, such as birth
certificates, property deeds, car titles and U.S. Savings Bonds that haven't been
converted into electronic securities. Other possibilities for the box include family
keepsakes, valuable collections, pictures or videos of your home's contents for
insurance purposes, and irreplaceable photos.

Be mindful not to use your bank safe deposit box to store anything you might
need to access quickly or when the bank is not open. That could include passports
and originals of your "powers of attorney" that authorize others to transact business
or make decisions about medical care on your behalf. For guidance on where to
store your original will, check with an attorney about what is required or
recommended based on state law.



You're better off stashing your cash in a bank deposit account, like a savings
account or certificate of deposit, than in a home safe or a safe deposit box. Among
the reasons: "Cash that's not in a deposit account isn't protected by FDIC
insurance," noted Luke W. Reynolds, Chief of the FDIC's Community Outreach
Section. That's because, by law, the FDIC only insures deposits in deposit accounts
at insured institutions and only in the rare instances when a bank fails. A safe
deposit box is not a deposit account. It is storage space provided by the bank, so the
contents, including cash, checks or other valuables, are not insured by FDIC deposit
insurance if damaged or stolen. Also, financial institutions generally do not insure
the contents of safe deposit boxes. If you want protection for the valuables in your
safe deposit box or home safe, talk to your homeowner's or renter's insurance agent
about adding coverage under these policies.

"And unlike money in a savings account, money in a home safe or safe deposit
box cannot earn interest, so the purchasing power of your cash will decrease," said
Reynolds.

Also read the terms of the safe deposit box rental agreement, as the bank may
limit what you can keep in the box. These limitations could include cash.

A home safe isn't a true replacement for a bank's safe deposit box. A home safe
could be used to store replaceable items you may need immediate access to, such
as a passport. But home safes are not as secure as safe deposit boxes. "A burglar
could more easily break into your home and open the safe than get inside your safe
deposit box at your bank," said Reynolds.

No safe deposit box or home safe is completely protected from theft, fire, flood
or other loss or damage. Consider taking precautions, such as protecting against
water damage by placing items in water-safe, zippered plastic bags or other plastic
containers that can be resealed. And, don't keep identifying information on or near
your safe deposit box key, such as the box number and the bank's name, in case of
loss or theft. Remember that, by law, FDIC insurance covers only deposit accounts.
Also, don't expect the bank to reimburse you for theft of o