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Introduction

I’'m a retired 77-year-old, US National Laboratory “Consulting Scientist” (chemist, chemical
engineer, and finally, self-taught radwaste materials expert) who spent much of his last ten
years at Idaho’s National Engineering Laboratory trying to “whistle blow” about how the USA‘s
radwaste management programs were and apparently still are being mismanaged (see several of
this book’s APPENDICES). This book is a much-expanded revision of 2019’s “Nuclear Power:
Policies, Practices, and the Future” (Wiley-Scriveners) describing the whys of powering the
world with a sustainable nuclear fuel cycle, what accomplishing that would entail, & the reasons
why it hasn’t already happened. Since then, almost three years’ worth of constructive
interactions with Dr. Alex Pavlak ’s little group of mostly also-retired professional engineers
(www.futureofenergyinitiative.org) has taught me much more about the energy business.
”Nuke-world” itself has also undergone enough changes to justify a redo. Another difference is
that it’s now “too big” (~280,000 words, profusely illustrated - 93 figures , 20 tables, and 53
APPENDICES), contains lots more footnotes & worked-out examples, and “homework”
problems?. It’s also politically incorrect, names names, & punctures balloons.

What are the consequences of what’s been going on? Because we didn’t nuclearize our energy
supplies when we could have readily done so, today’s (September 2022) war between the
“West” and Asia’s predominant petrostate, worldwide “food insecurities”, more and bigger
hurricanes, and widespread droughts, our leaders’ choice isn’t between gas or rewewables — it’s
between gas or coal. A just released international State of Climate Action 2022 Study
concludes if we are to avoid the most catastrophic effects of the climate crisis, the developed
world’s consumption of meat should be reduced to the equivalent of around two burgers a week,
and fossil gas must be replaced rather than continue to rationalize the growth of today’s
renewable energy. Industry. That report also recommended expanding public transport and
phasing out coal six times faster than is currently happening. rates.

Researchers found over half of the indicators key to halving global greenhouse gas emissions by
2030 were not making the necessary progress.

One of the scientists behind the report said: "."Our civilization’s eminently predictable energy-
related emergencies are greasing the wheels for further growth of the LNG industry.
Unfortunately, a 2020 analysis by the Natural Resources Defense Council (NRDC) concluded
that the extraction, transportation and liquefaction required to export LNG creates almost as
much greenhouse gas (GHG) emissions as does burning it. In other words, LNG’s greenhouse

1t’s already been used as a textbook by one of my Idaho National Lab ex -bosses who went on to become GE
Hitachi’s stateside technical lead and President of the American Nuclear Society, He also teaches nuclear
engineering while “resting” after work.
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gas impact is only modestly smaller than that of other fossil fuels. A key problem is that gas
drilling, transport, and liquification both requires and leaks vast amounts of a greenhouse gas far
more effective at trapping heat than is carbon dioxide with the latest incident involving two
Russian gas pipelines under the Baltic Sea at the heart of the much-exacerbated energy crisis
caused by Putin’s Russia invading the Ukraine.

Climate campaigners are continuing to argue that the US and Europe should invest heavily
instead in renewable energy such as solar and wind, to help negate future price shocks as well as
slash emissions. What almost all of them refuse to either mention or admit is that their own
multidecade-long campaign against nuclear power is responsible for the situation that we find
ourselves in.

What’s really happening is that an already rich petrogas industry is seizing the moment to force
the world’s decision makers to double down on the same mistakes that have led both them and
us to this situation How the gas industry capitalized on the Ukraine war to change Biden policy |

Gas | The Guardian .

It was inspired by the fact that I’ve always questioned anything that sounded “fishy” to me
which attitude eventually led to the employer backlash/retribution that finally persuaded me to
retire early (at 62)2. I am aware of the fact that some of the things that I’ve done, said, and
written raise peoples’ hackles. I'm also aware of the fact that most of the USA’s “technical
people” including its “public servants”, don’t question anything fishy-sounding while they are
still working. They/we are/were supposed to be nonjudgmental idiot savants, never volunteering
opinions, or poking our noses into more “important” people’s business®. In particular, anyone
wishing to be successful within the DOE complex never associates him/herself in a traceable
fashion with troublemakers like | eventually became. I’ve come to understand the reasons for
that & don’t even mind it too much anymore (see APPENDIX XXXV).

“If you're going to sin, sin against God, not the bureaucracy, God will forgive you, but the
bureaucracy won't."

2 Because of my whistleblowing, the Idaho then new management and operations (M&Q) contractor took away
“my” lab and wouldn’t let me do any real work anywhere else either. That lab and everything in it was then
destroyed (returned to “greenfield status”) by INL’s then also-new “clean up” contractor on a $/m? basis (DOE’s
managers like to measure their contractors’ progress in terms of easy-to-visualize metrics like weights, heights
(low, high, intermediate, etc) , areas, and volumes.)

81 Unlike most animals, we humans live in a world of our own “feelings” which in turn are mostly determined by
what we already believe, i.e., “faith”. That faith may be in a principle, e.g., “greed is good”, “my boss is always
right”, our interpretation of “God’s wishes”, our political tribe’s talking points, or anecdotal experiences. That’s
why we often seem to be oblivious to things that are immediately obvious to “dumb” creatures like dogs, cats, and
people who aren’t “good team players”. The latter is what I’ve always seemed to have been - the little gunboat that
sails up between two armadas and starts to blast away in both directions.
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Hyman Rickover

This book isn’t just another review of nuclear power’s history or summary of other people’s
opinions about what’s currently going on. For the most part, those efforts/opinions will be
summarized, and “open access” references given so my readers can read them themselves which
| strongly encourage. It is also autobiographical, somewhat rambling, sometimes funny,
occasionally profane, and everywhere seeks to encourage its readers to do the same thing that has
guided its author throughout his life: “think for yourself and do it with numbers*. The biggest
difference between this book and those written by others sharing my enthusiasm for nuclear
power (e.g., Angwin 2020, Rhodes 1993, Cravens 2007, Moore 2011, Till 2011, Bryce 2010,
Bryce 2013, Bryce 2010, Beckers 2016, Beckers 2017, Crane 2010, Erickson 2019 & Goldstein
2019), is that I’'m a technical “insider” who has managed to retain his sense of humor while
becoming aware of that industry’s foibles as well as its strengths.

While I will be identifying the reasons why a properly implemented nuclear renaissance could
address what’s shaping up to become a dismal future’s technical issues better than could any
combination of currently politically correct renewable energy sources and imaginary “batteries”,
it won’t dwell exclusively upon the downsides of those alternatives — it’ll be pro nuke (not pro
nuke industry), not anti-anything other than the cultural pathologies rendering significant
progress on solving any “controversial” technical issue almost impossible here in the USA. 1
don’t “hate” renewables® — | do hate foot-dragging, liars, cheats, crooks, and hypocrites.

My goals include:

Showing readers, hopefully including some bright, still both willing & able-to-learn, young
people® what really needs to happen via lots of accessible references, worked-out examples, and
homework problems.

# The reason for this is that many ideas/claims that initially appear to be perfectly reasonable prove to be
unreasonable when examined quantitatively- in the real world, size matters. Most advertising — one of the especially
lucrative white collar service industries that replaced many of the USA’s manufacturing jobs - relies upon most
peoples’ reluctance to GOOGLE—up facts and do their own thinking & ballpark calculations. “Calculate before you
decide, GOOGLE before you calculate, & think before you GOOGLE” (me).

® 1 can understand how solar panels make sense for some rich peoples’ homes, people living in RVs, or anyone
temporarily camping out in the wilderness. The real problem has to do with addressing all — not just a part - of
everyone’s energy issues indefinitely in a way that could work - not championing technologies capable of dealing
only with “special”, “small”, “micro”, or convenient problems. That's my primary bitch about how US DOE has
focused its/our resources.

® This book’s last APPENDIX is Greta Thunberg’s message to the folks attending this year’s international
“Conference of the Parties” (COP 26).
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e Try to convince my ex-colleagues at the USA’s national laboratories that they must
“get serious” about rendering nuclear power “renewable” (sustainable).

e Remind them that there's a pretty good chance of succeeding if they screw up enough
resolve to pull their heads up out of their leaderships’ drawers.

e Explain why the US federal government’s nuclear engineering (NE) experts have not
yet done “the right thing” with respect to developing practical solutions to the world’s
nuclear energy conundrum.

To support my often-controversial contentions | will present examples of my and other peoples’
experiences with some of the USA’s (DOE’s) nuclear-related projects because specific
numerical examples, not arm-waving generalities or anecdotes, support “technical” contentions.
Like those in David Mackay’s iconic book “Sustainable Energy: Without the Hot Air” (Mackay
2009), my examples will be numeric (quantitative) and based upon reasonable assumptions and
readily obtained (GOOGLEable) data, not sweeping generalizations, oversimplifications, or the
sorts of wishful/magical thinking often reflected in disquisitions invoking renewables powered
utopias. I will also be putting the results of my examples into perspective: “naked” numbers —
especially, very large or very small numbers often accompanied with unfamiliar units — often
confuse even experienced scientists and engineers. Doing so will undoubtedly offend many of
my pro-nuclear colleagues because most of the “advanced” reactor concepts they are currently
championing are far less “equal” than others (Orwell 1945).

The discovery of nuclear energy represents one of humanity’s greatest technological leaps
equaled only by the invention of flint-chipping, fire, steel, concrete, electricity, and heat engines.
Those breakthroughs were not just new tools or another way of doing the same thing. They
rewrote the rules and couldn’t be understood using the same terms extant before their invention.
Collectively they rendered today’s civilization, industrialization, and mechanized transport
possible. Replacing fossil-fueled electrical power plants with “sustainable” nuclear power
would eliminate about one third of the USA’s greenhouse gas (GHG) emissions. Switching to
battery-powered electric vehicles charged with more nuclear power would eliminate another
third. Finally, supplying most of the entire world’s residential, commercial, and industrial heat
demand with nuclear-generated waste heat, electricity, and hydrogenated synfuels would make it
a much cleaner, safer, and “happier” world for our descendants.

No combination of today’s renewable power/energy sources and “batteries” could meet 100% of
any modern civilization’s power demands. They would have to be backed up by more reliable
power plants, which today mostly means coal or natural-gas powered turbines. If we try to
“electrify everything” as we should (EVs & trams for people transport, heat pumps for home
heating, and so forth) the demand for electricity will grow even faster and today’s renewable
energy sources will inevitably fail to meet it. It’d be nice if wind, solar, and bio renewables
could power us forever but will remain as much of a pipe dream as was Hitler’s Thousand Year
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Reich until someone invents a grid scale battery two orders of cheaper than are those being
installed today to profit from arbitrage’.

Unfortunately, human decision making is mostly hope, faith, and laziness-driven meaning that
many of us choose to believe that building lots more of today’s favorite “renewables” could
solve everything. That notion is reinforced by the technical experts being paid to come up with
models/predictions consistent with whatever their customers wish to hear. Providing such
reassurances is a good way for an expert to get attention and make some money but won’t
change Mother Nature’s behavior.

The biggest barriers to implementing both hers and the once-obvious-to-us-humans solution to
the world’s energy related problems (Hubbert 1956, Perry and Weinberg 1972, Goeller and
Weinberg 1976) — a sustainable “nuclear renaissance” - are posed by our, not our “Mother’s”,
nature. DOE NE’s interminable studying, modeling, “road mapping”, & safety/radwaste
boondoggling keeps some of its pet technical experts busy and apparently satisfies its political
masters, contractors, and other industrial partners but doesn’t prove anything to the degree
required to implement anything “controversial”. It also wastes so much time and money that
many of the western world’s intelligent outsiders have concluded that a nuclear solution to their
& their children’s energy issues is impossible.

This rewrite goes into the nitty gritty of how today’s unsustainable nuclear fuel cycle works and
how a nuclear renaissance implemented with a “renewable” fuel cycle could and should address
the root causes of most of mankind’s economic, environmental, and social issues. I’1l first try to
explain why nuclear power should and likely could become the world’s primary energy/power
source and then point out why it has become so difficult to implement a “nuclear" technological
fix for its energy & environmental conundrums. The point that I’ll be repeatedly making is that
there’s no good reason for almost everything we need to do here in the good ol” USA to have
become as constipated with “wicked” problems as is the case now. Those reasons boil down to
1) the USA’s leadership’s decision to “privatize” most of its government’s responsibilities and
2) that most of their constituents — normal humans - have short attention spans and are naturally
both lazy & don’t like to raise a fuss (cowardly). Consequently, our society’s “wolves” have
learned that if they take almost everything of value away from the rest of us slowly

enough, their victims won’t even notice that they are being fleeced. One of the ways that that
wolfpack (“the 1%”) does this is to keep everything that’s “technical” so complicated by offering

7 This means temporarily storing a privatized electrical grid’s energy when it’s cheap and selling when it back when
demand spikes therefore raising its price.
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the sheep lots of “choices” none of which are good® that it takes a politically autistic technical
nerd like me to even recognize what’s happening.

The western world’s privatization of nuclear power is one of the reasons that it has become too
expensive to build any sort of new reactor. For instance, that industry has recently published
many press releases having to do with the hows, whys, and estimated costs of a bevy of “small
modular reactor” concepts (see http://smrstart.org) suitable for unsustainably serving niche
markets in regions served by energy suppliers competing with other suppliers of the same
fungible product.

There has been an immense amount of hype, and considerable nonsense written about Small
Modular Reactors. When you are trying to solve a problem as big as the Gordian knot, the
closely coupled issues of electricity poverty and planet heating, small is not beautiful. There are
strong economies of scale in nuclear power generation. Any solution that does not recognize this
will be hopelessly wasteful. But it is also true that we must take advantage of the order of
magnitude improvement in productivity and quality associated with assembly line manufacture,
as compared to conventional on-site construction. What we need are Big Modular Reactors, the
biggest reactors we can build on an assembly line.

Jack Devanney 14Dec2022

As usual, Jack is right about this too. Also, as usual DOE NE experts apparently remain more
interested in emphasizing/maximizing adjectives (e.g., “smallness”) than in facts or addressing
real problems.

A common theme throughout such reports is the assumption that private utilities would be
responsible for building/owning/fueling reactors. That along with the fact that anything having to
do with them is over-regulated by technically clueless bureaucrats that don’t answer to anyone
other than their politically driven bosses, is the reason that build costs have gotten as far out of
whack as they have. In the US no person or institution is responsible for seeing to it that what
must be done to benefit everyone happens.

8 For example, the purveyors of each of the USA’s energy products seem to favor the use of special units peculiar
to their business. In the natural gas business, your monthly “energy bill” may be based upon your consumption of
whatever was piped into your house in terms of kilowatt hours, joules, therms, BTUs, MBTUs, “standard” cubic
feet, “standard” cubic meters, horsepower hours, ergs, or electron volts. Similar situations obtain in its liquid energy
type product businesses (e.g., raw petroleum in terms of 42 US gallon barrels, BTUs, Joules, or quads, gasoline in
terms of gallons or liters, jet fuel in tons, propane in pounds, etc.). DOE’s/EIA’s energy gurus often choose to use
different units than those you see in your utility bills. The common feature is that individual retail customers pay
much more per unit of their product/service than does the distribution utility itself or its “big” customers.
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In this book I’m assuming that people working for the “state” (federal government) would be
empowered to take on the responsibility of contracting, building, owning, running, and
regulating the USA’s energy supply system for the sake of its citizens & their environment.
That's how “infrastructure” like the TVA's dams and the interstate highway system got built on
time/budget back before the USA stopped producing much of anything other than “cash crops”
commaodities, rules, restrictions, limits, paperwork, obstacles, and social networking superstars;
i.e., back when America was “great” for everyone who wasn’t born “black” or female.

One reason for this is that the USA’s technical experts are often paid to “study” the wrong
questions. The issue here is not whether an energy producing technology could be endlessly but
erratically fueled by sunlight, wind, and water—but rather if it is “clean”, reliable, scalable
(potentially big enough), sustainable, and affordable. If we are genuinely serious about “saving
the world”, we should be choosing to “study” technologies that could deliver the biggest
environmental benefit at the lowest possible cost, not crippling ourselves with unnecessarily
high prices, senseless regulations, and the notion that whatever we end up doing must be
“small”, invented by our own tribe, and not “nuclear”.

The most realistic way for us to kick our fossil fuels addiction to would be to implement a
sustainable nuclear renaissance capable of meeting the energy needs of a bigger, cleaner, and
much fairer world. Fission-based nuclear reactors utilizing any sort of once-through nuclear
fuel cycle regardless of how “advanced”, “modular, “or “small”, its reactors happen to be can’t
serve that purpose because fueling them would be impossibly expensive over the long haul®. This
means building roughly 20 thousand big, affordable, breeder-type reactors coupled with the
recycling/reprocessing systems required to render their power sustainable (aka, renewable).
Since most of the rest of this century’s anthropogenic greenhouse gas emissions will be
generated by countries neither able to overpay for energy nor undertake another “Manhattan
Project” to develop their own sustainable nuclear fuel cycle, today’s technologically advantaged
countries have the responsibility of doing so.

Once through-type nuclear reactors can’t “save the world” because it’s impossible to build them
in a way that “burns” essentially all the actinides fed to them. That fact was understood by all of
the big thinkers who invented nuclear power (Weinberg, Fermi, Wigner, ...) because it was then
and still is the only way that their efforts could “save this world”*°. It was also the assumption

® Only about 0.2 percent of the EARTH’s natural actinide fuel resources (thorium and uranium) are directly
fissionable with conventional reactors. “Perfect” breeders could “burn” the other 99.8% as well.

10 A hangover from those good ol’ days is a convention that a reactor’s fuel “burnup” is quoted in terms of the
fraction of the total “heavy metals”(actinides) -not just the readily fissionable isotopes- — within its fresh fuel
assemblies converted to fission products by the time they’ve become “spent”.
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made by the western world industrialists who built the world’s commercial fuel reprocessing
plants — those facilities would start out by recycling LWR fuel and then gradually switch over to
supporting breeders. The reprocessing of “spent” once through-type reactor fuel just to make
Mixed Oxide fuel (MOX) to feed back into the same reactors just once doesn’t make much
sense which explains why it never really caught on.

The implementation of a breeder-based nuclear renaissance would mean that we wouldn’t have
to consider energy as a limiting resource. It wouldn’t have to be conserved because the clean (no
greenhouse gas (GHG)) “burning” of the natural actinides in rocks and seawater would then be
affordable. We would also not have to destroy the world’s remaining wild places and the
creatures living therein to generate the food and energy required to keep our civilization going.
Energy-wise the natural world wouldn’t have to do anything other than serve as a passive heat
sink for reactor cooling which service would impact/heat it over two orders of magnitude less
than does today’s fossil-fueled energy supply system.

Most — not all — of the Western World’s climate activists are pushing plans exclusively based
upon currently favored renewable energy sources, primarily wind and solar power and imaginary
batteries. Unfortunately, their version of a “Green New Deal” is doomed to fail because today’s
civilization requires reliable power and as I’1l demonstrate with “real” numbers, replacing
today’s fossil fuel dominated ( >80%) energy supply with solar panels, windfarms, hydropower,
biofuels, and batteries would be both prohibitively expensive and environmentally disastrous.

Today’s remaining fossil fuels constitute a finite resource and Mother Nature can’t/won’t replace
them within a time scale relevant to our species. Since most of the “easy” such fuel has already
been discovered/mined, it is now and will become ever more expensive as time goes on. Unless
something very much like this book’s rosy alternative scenario comes to pass, people in poor
counties will remain poor and richer nations’ “middle class” citizens will riot over cost-of-living
increases (especially fuel costs) as has already happened in France, the Netherlands, Mexico,
Venezuela, Zimbabwe, Haiti, and Jamaica. Both the obtaining and burning of fossil fuels
pollutes the world that we all must share. Because those fuels represent the most
efficient/sensible source of the raw materials necessary to make the plastics, lubricants,
insulation, fabrics etc., that render the lives of “developed nation” people relatively pleasant, we
must quit wasting/burning them just to generate “energy services”. Wind and solar power backed
up with plenty of batteries is suitable for niche applications like powering the “cabins” back in
the wilderness that the super-rich occasionally helicopter-in to visit during trysts, vacations, or
pandemics. They are unsuitable (too unreliable) for powering the factories, ships, trains, cars,
trucks, farm, and mining machinery, etc., that have brought the benefits of modern civilization to
the rest of us.

This means that we must devise/implement something that can provide such power. Because
today’s nuclear fuel cycle is not scalable (fuel limited), I’ve been trying to convince both my
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current and ex-colleagues(?) that we/they must develop/implement a genuinely suitable
replacement.

The near future’s electrical grid operators will face three big problems.

The first is that because the incoming Biden Administration’s almost inevitable barrage of
additional windmills and solar panels should be backed up with something that is reliable, a
likely consequence is more leakage of natural gas from the thousands of new gas fracking,
cleanup, transporting, storage, and consumption facilities... see
https://www.cnn.com/2021/02/05/us/climate-crisis-texas-methane-emissions-weir-
wxc/index.html ) required to fuel the therefore necessary barrage of new gas powered “peaker
plants. That leakage is apt to be more environmentally impactful GHG-wise than was the carbon
dioxide emitted by their coal & oil-fired predecessors.

The second problem is that because batteries capable of rendering an all-renewable-sourced
electrical energy system sufficiently reliable are now and will continue to be prohibitively
expensive, such sources are and will continue to be primarily backed up by turbines burning
natural gas delivered “just-in-time” through fragile pipelines, not stored on site. Many things can
and do interfere with natural gas delivery, especially during the winter in regions with grid
management systems that refuse to prepare for it, e.g., Texas’ ERCOT. Homes generally have
priority on the gas within pipelines everywhere which means that gas-fired electrical power
plants often shut down when they are most needed — when the wind dies down and clouds roll in
during extended cold spells.

The third problem is that individual power grid operators are encouraged to believe that when
things get tough, they can always rely upon their neighbors to supply whatever’s needed to
satisfy their customers. That’s not apt to work because the most common cause of such problems
is unusual weather which their neighbors are also likely experiencing and will take care of
themselves rather than rescuing you/yours. This will lead to widespread blackouts, property
damage, misery, and deaths which will likely be blamed on “God” or unimportant-enough
system operators who hadn’t “followed procedures”.

Unlike the “controlled fusion” will-0-the-wisp that has dominated DOE’s nuclear reactor
development efforts/funding for several decades, there isno doubt that safe, scalable,
sustainable, and affordable fission-type nuclear reactors could be built because the Russians
have already done it. They have been building/running relevant-sized (“big”, not micro, mini, or
small), sustainable, breeder-type power reactors (BN-350, 600, & 800) for almost as long as
they’ve Dbeen building/ operating/selling the same sort of unsustainable, pressurized water
cooled/moderated reactors (VVERS) that the US built to satisfy its 1960°s-era power industry’s
business model. The USA simply hasn’t been willing to embrace the right paradigm, do the
necessary development, or even admit that other countries have already “done the research”.
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Russia’s political leaders are too smart and their nation is too poor ' to ignore
practical/economic considerations in establishing its technical policies. Besides, they/it aren’t
as gung-ho about addressing global warming’s root causes as We here in the West claim to be
because 1) Global warming will likely improve - not hurt - Russia’s weather & farmlands, 2)Mr.
Putin and his oligarch buddies have been getting richer selling natural gas to the EU, 3) global
warming will definitely make it easier for Russia to exploit the Arctic’s oil/gas resources as well,
4) they might be able to replace some of their country’ relatively expensive nuclear-powered ice
breakers with cheaper gas-powered ships, and 5) of course, unlike our country’s dear leaders,
Russia’s don’t care about anything or anyone but themselves because “they’re ‘soulless
commies’ just like the Chinese”.

Since Russia’s production of sustainable nuclear power has already been amply demonstrated*?,
DOE’s reactor R&D priorities should be refocused wupon 1) optimizing fuel
recycling/reprocessing and 2) determining whether molten salt-type reactors represent an even
better solution to the world’s energy conundrums — not persist in trying to convince its
stakeholders that a few especially advanced and especially “small” (micro?) examples of its
nuclear industry’s burner-type reactors could render an overall energy system dominated by
wind/solar/bio “energy farms” both big enough and sufficiently reliable.

Solving the tough technical problems posed by Mother Nature’s rules requires hard work and
intellectual honesty — seeking her sometimes-not-obvious opinions regardless of whether it
agrees with yours, your peer groups, or your boss’s hopes or personal beliefs. It’s about finding
reasonable solutions, not winning arguments, or pleasing the people funding your research.

It seems that we here in the USA would prefer to keep wringing our hands about “wicked”
problems & trying to convince everyone to become more “resilient” than adopt anything
designed/made/sold by godless, socialistic, and not-so-“free” foreigners®®.

Although much of what I’ll be discussing has to do with the downsides of trying to power
everything we need to do with wind and solar “farms”, I don’t “dislike” those technologies &

11 Russia’s GDP is officially only about one half that of the state of California’s. That’s nonsense if consider
anything other than each’s “service industry” contributions to that figure. In practice, Russia’s breeder reactors
haven’t been operated in ways that render their fuel cycle “renewable” because it’s always been cheaper to refuel all
of its power reactors with “fresh” enriched U, not with the fissile (mostly plutonium) recovered by its fuel
reprocessing facilities.(https:/fissilematerials.org/library/insc.pdf.)

12 Here’s a very well-done explanation of how one of Russia’s real sodium-cooled breeder reactors works

Nuclear Power Plant virtual tour (Beloyarsk NPP) - YouTube appenDIx

13 our country’s energy problems wouldn’t remain “wicked” if someone like Admiral Rickover or General Groves
had been empowered to solve them. They worked for their country, not for “the industry”.

23


https://fissilematerials.org/library/insc.pdf
https://www.youtube.com/watch?v=46awW9mVKi4

appreciate how they can/could be valuable/useful under some circumstances'®. 1 also admit that
here in the Western World there is no immediately implementable nuclear alternative to building
even more such “farms” if we are to keep the promises that our refreshingly sane-seeming new

President is making.

However, the fact remains that doing what must be done would be much easier, much cheaper,
and less environmentally impactful if we develop a genuinely sustainable & affordable nuclear
fuel cycle by the time that the last of the next few year’s new PV panels & wind turbines have
bitten the dust 2 or 3 decades from now.%®

President Biden has promised that America will be “back to normal” soon. Since he is normal,
and Trump is almost gone we are supposed to believe that there’s nothing to worry about.
“Normal” isn’t good enough because the USA’s dysfunctional political system, triple-digit heat
waves, persistent housing shortages, $4/pound apples, rolling blackouts, nine-month-long fire
seasons, billionaires paying zero income taxes, rampant voter suppression, 25,000 person-long

food bank queues, and hundreds of mass shootings every year, shouldn’t be “normal”,

Returning to the status quo before the more easily led, almost-half of the USA’s electorate
succeeded in electing their uber-champion six years ago means accepting a planet that’s burning
up, a broken economy, and governmental policies/actions consistent with the wishes of
undertaxed, deregulated, selfish billionaires®®. Because we’re no longer able to build nuclear

14 For instance, last summer | tried to suppress my swimming pool’s algae growth with a homemade “copper
ionizer” powered by a 1.5-watt, $15 solar panel (it did rapidly corrode its copper pipe anode but doing so didn’t kill
the algae). Holland has lots of reliable windmills and has been using them for time-insensitive applications like
water pumping and grain grinding for centuries. The Dutch were serious about “renewable” energy long before it
became a fad. However, they now must and do render their power grid reliable by importing natural gas, nuclear,
coal, and hydropower.

15 Here’s an engineering solution (technical fix) to one of the problems I’m discussing — rebuild our houses
correctly (also see this book’s “homework™ problems having to do with solar heating). Though not mentioned in that
newspaper article | suspect that the Habitat for Humanity guys putting those things together are also equipping them
with moveable window shutters. https://www.abgjournal.com/2443994/foam-sweet-home-ex-habitat-volunteers-
help-build-homes-usin. APPENDIX XLIII describes how I’d go about solar powering myself if I were young
enough for it to make good sense.

16 Although I’'m an unabashed “liberal”, | consider RFD-TV to be the best (most intelligent, realistic, & honest)
source of information about the USA’s economic, agricultural, and energy systems (check out Scott Shellady’s -
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reactors or any other sort of big infrastructure related project efficiently, the only immediately
available alternative to a massive ramp-up of nuclear power would be to scale up wind and solar
energy production sufficiently to provide >80% of our total energy demand (not just electricity)
backed up with lots of fracked natural gas some of which will inevitably leak negating any
immediate GHG benefit 1’. Other clean energy sources - hydroelectric, wave, geothermal, and
biomass - cannot realistically be scaled up to satisfy over ~80% of our industrialized world’s
demand.

A hugely expensive infrastructure would be required to support that degree of reliance upon such
unreliable and land/mineral resource-intensive energy sources. The effort would entail total
restructuring of the USA’s electricity grid!® and adding an impossibly expensive amount of
electricity storage and transmission capacity.

There’s not much sense in just continuing to go along with whatever DOE’s nuke experts are
saying.

The brutal fact is that we’ve known about the energy related/driven problems that our kids will
struggle with for over 50 years & had succeeded in working out ”workable” solutions to them
almost that long ago. For instance , Kazakhstan’s BN-350 fast breeder reactor situated on the
shore of the Caspian Sea first went online (produced electricity) in 1973. In addition to providing
power for nearby cities & towns, it desalinated 120,000 m3 of water/day for local consumption
and Russia reprocessed its fuel to supply plutonium for its nuclear weapons program. The
reason that it was shut down 26 years later(1997) was that Russia was no longer willing to
continue refueling it — not because it no longer “worked”.

“The Cow Guy’s” - daily “marketing” show). That channel is the USA’s first 24-hour television network focused on
information about agribusiness and the rural lifestyle, along with lots of traditional country music, entertainment,
and patriotic stuff.

17 For example, Bloomberg/Business Week has recently published several articles describing the spate of

anthropogenic methane releases occurring all over the world. Here’s one about Romania: | nfrared

Cameras Detect Methane Leaks Across Romania - Bloomberqg

18 Such a transmission system would entail rebuilding the existing system overlain by a super high powered
“interregional highway” capable of moving much-larger-than-average amounts of energy that works electrically and
acceptable to landowners and the ratepayers who would be paying for everything. “The design of a transmission
system can’t be done until you know what the generation system is going to look like which we don’t yet and
shouldn’t decide upon yet. Every one of these things can be a deal killer which all are at this time. There is
absolutely no way to do it yet (Gene Preston, personal communication) .
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DOE’s topmost NE R&D experts have been pretending that that never happened during that
same 50 years & are still trying to convince decision makers that we should be building whatever
they currently think is “best” (apparently anything that’s got TRISO -type fuel kernels in it)
irrespective of how unsustainable or too-small it might be.

A properly implemented nuclear renaissance would render most of those changes unnecessary
which means that Mr. Biden’s Green New Deal planners should be doing their utmost to
convince him that rendering nuclear reactors both more affordable and genuinely sustainable,
not just “smaller” and more “advanced”, should be receiving topmost priority. Addressing the
next generation’s energy-related environmental, economic, and social conundrums will require
over 20 thousand, full-sized (~1 GW.) , sustainable fuel cycled reactors to power a world-wide
"green new deal” like that envisioned by Alvin Weinberg a lifetime ago, not just more “all of
the above everywhere” privatized energy muddling that we’ve been assuming recently. The
USA itself will need about 2000 of them. If thinking that way means that I’'m a “troublemaker”
or “unpatriotic”, that’s something that I’ve been called most of my life and never did lose much
sleep about because I’ve always felt the same way that Thomas Paine did about “duty.”

“It is the duty of every man, as far as his ability extends, to detect and
expose delusion and error”

&

“He who dares not offend cannot be honest”.

Thomas Paine
This book’s basis scenario is that by circa 2100 AD, that “ nuclear renaissance” — not an “all of
the above” mix of currently politically correct renewable energy sources with the help of a few
additional “advanced” unstainable fuel-cycle “small” nuclear reactors— will be addressing the
root causes of most of mankind’s misery. Among the wonderful things that it would provide,
food production would become genuinely sustainable because cheap/clean electrical power
would simultaneously address the world’s water woes and enable the mining, grinding, shipping,
and distribution of sufficient powdered basalt over farmland to affect Mother Nature’s too slow,
notoriously unreliable, and sometimes even catastrophic (volcanic) approach to both soil-
building and atmospheric CO> sequestration. It would also enable the mining, grinding, shipping,
and distribution of sufficient ultramafic rock-based sand to seashores and reefs to reverse oceanic
acidification and protect us from rising sea levels (Schuiling & Kingsman, 2006).

Weathering is the reaction of an acid (usually hydrated CO> , r “carbonic acid”) by basic (mafic)
rock minerals which converts that CO> into the innocuous bicarbonate ion in solution. For the
abundantly available magnesium-silicate olivine, the reaction is as follows: Mg.SiO4 + 4 CO, +
4 H,0 2 Mg?" + 4 HCO3 " + H4SiO4. The bicarbonate solutions are carried by water (creeks,
rivers, and eventually the ocean) where they are eventually deposited as travertine, limestone,
and dolomitic rockd. Those carbonate rock minerals are Nature’s ultimate carbon sink over
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1,500 times more than in biomass, fossil fuels, the atmosphere, and seawater combined .(
Dunsmore (1992) |

The key advantage of any nuclear power plant relative to a wind and/or solar power plant is that
it can provide greenhouse gas (GHG)-free baseload power regardless of what the time of day,
year, or weather happens to be. Such a “baseload-capable” energy source could
efficiently/affordably meet an advanced technological civilization’s around-the-clock demands
(aluminum production/smelting, cement & glass making, steel mills, electric locomotives, etc.)
as opposed to immediate/peak demands which change according to consumer requirements (for
example, when people get home from work, plug in their electric car, and start cooking dinner).

The major downsides of today’s civilian nuclear power are its excessive reactor build-costs plus
the fact that its burner-type reactors are grossly inefficient!® at converting the world’s natural
actinide energy resources to useful power — a fact that renders conventional nuclear power
unsustainable (not renewable) & therefore, just another “temporary” energy/power source like
fossil fuels are and always have been. The world’s nuclear scientists, especially the USA’s, must
screw up enough courage to eschew their leaderships’ current business models and phony
assertions?® and commit themselves to developing a nuclear fuel cycle that renders nuclear
power, safe, affordable, and sustainable.

Unfortunately, while his book’s?! clean, green, and “fairer” nuclear-powered world is possible,
| do not consider it a certainty because that outcome would require that technical-based
reasoning and border-ignoring philanthropy, not “human nature”, determines what’s done. We
here in the Western World are too apt decide to follow our 100% renewables Pied Pipers into the
mountain crippling our economies, covering our seacoasts and landscapes with solar

19 “Inefficient” because well under 1% of the natural uranium mined & processed to fuel today’s power reactors is
“burned” — the rest is discarded. Likewise, none of today’s power reactors are fueled with the world’s ~three times
more abundant thorium. Since the beginning of the nuclear age, the possibility of fueling reactors with thorium
rather than uranium has been attractive even though it’s only natural isotope, Z2Th, is fertile, not fissile, meaning
that reactors fueled with it must first be started up with some combination of 233U, 2%°U, 2%%Pu, 241Py, etc. after
which they would “breed” (create/transmute) enough new 23U fissile to keep going indefinitely. Thorium’s
upsides include: 1) ~three times greater natural abundance than uranium , 2) lower mass number meaning that
much less of it would be transmuted to the high mass (>238) transuranic (TRU) isotopes responsible for most of
any nuclear fuel cycle’s long-term radiotoxicity; and 3) unlike 238U it can “breed” with slow moving (thermalized
or epithermal) neutrons meaning that appropriately designed reactors could achieve criticality (operate) with
relatively small amounts of fissile.

20 For example, this book will demonstrate that the commonly heard assertion that if we were to simply build
enough more of today’s power reactors, we could then power everything with seawater uranium is wrong.

2L and therefore, not necessarily “realistic”
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panels/windmills, and gradually sink ourselves so far into debt that we won’t be able to afford to
buy China’s inevitably cheap new breeder reactors.

I’m going to end this introduction with a quote from the polymath, Ann Druyan, who forty years
earlier (1980) along with her husband Carl Sagan co-wrote & produced the most iconic
television series that I’ve ever seen, COSMOS.

| feel that I am a member of a civilization that cannot awaken to the challenges that threaten to
destroy it. One of the ways to awaken people is to give a dream of what the future could be if we
use our science and technology with wisdom and foresight and begin to think in the timescales of
science, not the next balance sheet, the next election, but 1000 years from now. Ann Druyan Is
Reimagining the Future - Scientific American (March 2020)

One year before he died (1995), she and Carl co-wrote an equally iconic book, “The Demon-
Haunted World: Science as a Candle in the Dark” to explain the scientific method to laypeople
and encourage them to learn critical and skeptical thinking.

| feel that a science nerd’s mission in today’s world should be to realize the same goal expressed
by George Eliot (Mary Ann Evans) Victorian Age writer & poet, almost 200 years ago

“What do we live for, if it is not to make life less difficult to each other?”

Notes:

e [I’ve decided to add a GLOSSARY to this rewrite. It is by no means complete but a bit of
GOOGLING will unearth the meanings of acronyms that | didn’t include.

e One of the reasons that this book has such a negative "tone" in some places is lingering
resentment. The reason for that is that I’m a technical nerd who’s never been afraid to
tackle problems in arenas that established experts have come to consider their bailiwick,
e.g., anything having to do with atmospheric carbon dioxide removal, "managing" the
USA’s reprocessing waste, ferreting out a practical way to implement an appropriate
nuclear renaissance, or addressing the USA’s “food insecurity” issues, and have therefore
had to dodge lots of slings & arrows. What's “worse” is that in several cases I've
discovered & then insisted upon pointing out to my bosses, friends, & colleagues that
there's a better way of doing something other than that way that’s currently considered
“best”. Already-established experts and their bosses invariably dislike such meddling
which has often made it tough to publish my work/conclusions in peer-reviewed technical
journals devoted to subjects that | hadn’t already become a recognized authority in - that's
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one of the reasons why my official publication count will probably never exceed 10072,
So do their managers, which if they also happened to be in my chain of command,
translated to career disenhancement. However, by 2006 I'd managed to save up enough
money to retire & thereby become even freer? to say & do whatever | wish - mostly
think, flyfish, do simple calculations/experiments, & recently, write books about the
world’s, energy, environmental, and “food insecurity” issues.

e Regardless of why you have decided to read this book, pay attention to its footnotes & try
to work out your own answers to its homework problems - some of mine might be wrong.
Their/my goal is to enable readers to learn how to put concepts, claims, suggestions, and
numbers into proper perspective and thereby enable themselves to make reasoned, not
“feelings” or faith-based, decisions about technical things. Anyone able to grasp what
they were exposed to in their high school science/mathematics classes along with access
to the internet (esp. GOOGLE & Wikipedia) and a computerized spreadsheet should
eventually figure out how to do them. Learning how to do “technical stuff” properly is
not really tough but does require an open mind and sincere effort.

| do not like to state an opinion on a matter unless I know the precise facts.
Albert Einstein

The world would be a better place if its decision makers, talking heads, and voters took
Einstein’s sentiments to heart.

If you want to contact me, correct me, or suggest an addition and/or improvement to a future
book, feel free to call (208 521 5418) or send me a note (d.siemer@hotmail.com).

22 The other reasons are that scientific reports must be written in a “conservative” fashion that dilutes their message
and most of society’s decision makers neither read, understand, nor care about the world’s technical literature.
Individual scientists are still being taught to believe that their contributions to their specialty’s literature is terribly
important which simply is not true.

23 This book’s section, 9.8.4 DOE’s “ethics training", explains why | considered it to be

“safe” to become a “troublemaker” while still working. Although they nominally work for private contractors, “site
workers” really work do for a “national laboratory” and have special protections if they’re willing to use them.
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Chapter 1. Basic reactor concepts

Since neutron behavior is key to producing nuclear power, 1’1l begin this book with a description
of them and their reactions.

A neutron is a tiny subatomic particle with no positive or negative electrostatic charge possessing
a mass just slightly greater than that of a proton. A cluster of protons and neutrons together
constitute the nucleus of an atom which in turn occupies about the same fraction of its total
volume as does a “fly buzzing around within a cathedral** (Earnest Rutherford circa 1907). Since
protons and neutrons behave similarly when within a nucleus and each has a mass of
approximately one atomic mass unit (AMU = 1.66E-24 g), they are both referred to as nucleons.
Nuclear physics is the discipline that describes their properties and interactions.

An atom’s chemical characteristics are almost entirely determined by the electrons orbiting its
much heavier (typically >2000 times heavier) nucleus. If one or more electrons is temporarily
added to or removed from that “cloud”, the atom becomes an ion: a plus-charged cation (e.g.,
Na*) if electrons are removed & negatively charged anion (e.g., CI) if electrons are added. The
number of negatively charged electrons within an atom - that atom’s atomic number - exactly
equals the number of positively charged protons in its nucleus. Neutrons do not affect an atom’s
electron configuration or chemical behavior, but the sum of its atomic and neutron numbers is
the mass of its nucleus. Atoms of an individual element differing only in neutron number are
called isotopes. For example, the element carbon with atomic number 6 (6 protons)is comprised
of an abundant isotope, *2C, with 6 neutrons and a relatively rare isotope (0.016% number-wise)
13C, possessing 7 neutrons. A few natural elements like fluorine consist of only one stable
(stable means very long lived) isotope. Other elements like tin may have as many as ten stable
isotopes.

The properties of an atomic nucleus depend on both atomic and neutron numbers. With their
positive charge, the protons within the nucleus are repelled by the long-range electromagnetic
force, but the much stronger, but short-range, nuclear force binds the nucleons closely together.
It’s this “nuclear force” that renders the energy released by the fission of an actinide atom
roughly 100 million times greater (~200 million electron volts or 3.2E-11 J) than is the bond-
breaking responsible for a fossil fuel burning’s energy release.

Neutrons are required for the stability of all nuclei with the single exception of the unique one-
proton hydrogen nucleus. Neutrons are produced copiously in both nuclear fission and fusion.
They are a primary contributor to the nucleosynthesis of chemical elements within stars through
fission, fusion, and neutron capture processes.

In the decade after its discovery by James Chadwick in 1932, neutrons were employed to induce
many different types of nuclear transmutations. Soon after Hahn and Meitner discovered nuclear
fission in 1938, it was quickly realized that, if a fission event also produced neutrons as was
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rather likely (“likely”” because the nuclei of the stable isotopes of heavy elements possess a
higher proportion of neutrons to protons than does their array of lighter-element fission product
progeny (Figure 1), each of these neutrons might cause further fission events in a cascade “chain
reaction”. Since the prospect of losing another world war was imminent, the Western World’s
political and technical leadership wasted very little time creating the world’s first self-sustaining
nuclear reactor (Fermi’s “Chicago Pile 17- 1942), Wigner’s Hanford plutonium production
reactors - 1943-44, and Grove’s/Oppenheimer’s first nuclear weapons which were completed
& “demonstrated” the year that I was born - 1945).

The key to all of this is the neutron itself. Neutrons are stable when within a nucleus but a “free”
neutron (one that’s been kicked out of a nucleus) soon decays with a half-life of about 10
minutes to form a proton (hydrogen atom nucleus), a fast moving (energetic) free electron (beta
particle), and an antineutrino.

90 100
7% S‘ZI

U-233

Tc

5%
4%

Bromine

39% Terbium

2%

Fission-Daughter Mass (Nucleons)

Figure 1 Fissile isotope fission product distributions
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However, in anything other than the hard vacuum of outer space, a free neutron will collide
with many atoms before it decays. Most of those encounters will simply change its direction
an/or slow it down (“moderate” it) but some will cause it to become trapped/absorbed by/within
another atom’s nucleus. Such reactions create another either stable or unstable (“activated”)
isotope of that atom. If it is unstable, that atom’s nucleus will spontaneously rearrange itself to
become more stable. In most cases that’s done by kicking out an electron (beta particle emission)
and a neutrino which transmutes (converts) it to its next higher neighbor in the periodic table at a
rate characterized by the time required for one half of it to occur, e.g., one half of “neutron
activated” 2>Na atoms become stable 2*Mg within 15 hours (that’s *Na’s “half-life”) . If the
atom absorbing/trapping the neutron happens to be another fissile isotope (e.g., 2°U), its thusly
activated nucleus generally?* splits/fissions to form two entirely different atomic isotopes plus
either 2 or 3 new, fresh, highly energetic (fast), neutrons.

e Of the natural world’s ~254 stable (existing) isotopes, only one fissile isotope, 2°U, is
sufficiently long-lived (~0.7 billion year half-life) to still exist. In today’s nuclear
reactors, power plants, and nuclear weapons, it may be accompanied with or even
replaced by breeder/production reactor-manufactured fissile isotopes, the primary
examples being 23U, 2%Pu, and ?*'Pu. The term fissile means that unlike most of their
actinide isotope brethren, they are easily fissioned by slow-moving neutrons (possess
high thermal fission cross sections) - all actinide isotopes are fissionable to at least some
degree in fast reactors.

The reactions utilized to make/breed/produce such new fissile isotopes all involve irradiating
“fertile” actinides (e.g., 22Th & 2%U with neutrons whereupon their absorption they are
transmuted (changed to another element) to the desired isotope.

For instance
N + 2% Theerile — 23Pa+e- (beta particle) —2**Ursissile+ e-(beta particle)
N +28Ufertie — °Purissite + - (beta particle)

The term “cross section” represents the probability of something happening (fission, scattering,
or transmutation) to an atom’s nucleus when a wandering neutron collides with it expressed in
terms of a geometric area. If that probability is high (e.g., the probability of *°U being fissioned
by a thermalized neutron is about 80%), that nucleus acts like a big target — under those
conditions, its cross-sectional area in “barn” units (1E-28 m?) is large (e.g., ~750 barns) for
room-temperature “moderated” (slow) neutrons. Cross sections vary with the speed at which

24 ~20% of neutron-activated 2%U nuclei will decay to form almost-stable 23U (half life ~23 million years).
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neutrons are moving because the probability of its interaction with a fixed nucleus is roughly
proportional to the time that they are close to each other which is inversely proportional to the
neutron’s velocity. One of the reasons that most of today’s power reactors are moderated is that
fissile isotope fission cross sections are very high with slower neutrons thereby permitting
operation with a smaller (cheaper) fissile loading.

A moderator’s purpose is to slow the extremely fast moving (high energy- 1-2 Mev) neutrons
generated by actinide fission and thereby increase their probability of capture by other fissile
atoms. The world’s first nuclear reactors had to be moderated with either carbon or “heavy
water” (deuterium) because they had to be fueled with natural uranium containing very little
fissile 23°U. Natural uranium’s (NU’s) “poisonous” 28U atoms out-number its fissile 23°U atoms
~140:1 (1/0.0071). That’s important because 23U tends to irreversibly absorb neutrons
moving at speeds intermediate between what they possessed when first released and after
slowing down to a speeds corresponding to that of a room temperature gas (i.e., within its
“resonance absorption region”). If small chunks of uranium are surrounded with the right
amount of an almost perfect moderator (carbon or deuterium) enough neutrons can get through
2381J°s “resonance absorption” gauntlet to trigger fission of the next 23U atom they blunder into
and thereby keep the chain reaction going. A perfect moderator atom does not “capture”
(irreversibly absorb) any neutrons, it’s just something that they can repeatedly collide with and
thereby lose kinetic energy in excess of that consistent with their surrounding’s temperature. All
else being equal, the lighter the atom, the better it serves that purpose. While hydrogen (one
atomic mass unit)is better at slowing neutrons than is deuterium (two atomic mass units), it
irreversibly absorbs too many of them to permit reactors containing only natural uranium (only
0.71% fissile 2®U) to achieve criticality. That’s the reason that a light water-moderated
reactor’s uranium must be “enriched” and why Canada, Germany, Great Britain and France
decided to start off with graphite & heavy water (deuterium) moderated reactors.

Since the purpose of a reactor’s moderator is to simply slow down neutrons, its absorption
(fission + transmutation) collisional cross sections must be very low, e.g., for 12C it’s about
0.0005 barn). A neutron moderator reduces the speed of fast (1-2 Mev) freshly generated fission
neutrons - ideally without capturing any of them - leaving them with only thermalized kinetic
energy 2

One of the key downsides of moderation is that the fissions engendered by slow-moving
neutrons striking a fissile atom don’t generate as many new neutrons per collision as do those
caused by fast neutron hits. This means that there’s enough extra neutrons in a fast reactor’s core

%5 At a temperature of 290°K (17°C or 63°F), that energy for any monatomic species (e.g., a neutron, helium atom,
argon atom, etc.) is  3/2*k*290 = (1/2)*AMU*(m/s)?> = 4.0E-21 J =0.025 ev where k= Boltzmann’s constant).
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to breed at least as much new fissile (?*3U or 2*Pu) from the much more abundant but otherwise
useless fertile isotope atoms (>*2Th or 238U) accompanying its fissile.

The other big downside is that the parasitic neutron capture (poisoning) cross sections of fission
products and the materials that the reactor is made of go up faster upon moderation than do the
fission cross sections of its fissile fuel isotope. This means that fast reactors can operate with
greater concentrations of such things within their cores which translates to requiring less frequent
reprocessing and/or fuel replacement.

Nuclear reactors are configured and operated so that during normal operation exactly one of the
new neutrons generated when one of its fissile atoms fissions/splits is absorbed by another fissile
“heavy metal” (actinide) isotope which goes on to do the same thing.

The fate of those neutrons is characterized by the term “ket”. Ker iS the average number of
neutrons generated by a fission event that go on to cause the next fission. The extra neutrons are
either absorbed in non-fission reactions or leave the system (leak) without being absorbed. The
value of kefr determines how a nuclear chain reaction proceeds:

If ket < 1 (sub criticality), the system cannot sustain a chain reaction, and any beginning of one
will die out over time. For every fission that is induced in the system, an average total of 1/(1 —
k) fissions occur. This is the situation when too many neutrons simply leak out to the reactors
core or are absorbed by something other than other fissile neuclei.

If kess = 1 (criticality), every fission causes an average of one more fission, leading to a fission
(and power) level that is constant. Nuclear power plants operate with kefs exactly equal to 1.000
unless its power level is being deliberately increased or decreased.

If kess > 1 (super criticality) for every fission in the material, it is likely that there will be more
than another after the next mean generation time cycle which is on the order of 10 to 10°®
second. The result is that the number of fissions increases exponentially which could quickly
make the whole thing go “boom” if not halted in one way or another. On the other hand, nuclear
weapons are deliberately designed/configured to so-operate (i.e., evince positive not negative
feedback).

Since each individual neutron absorption/fission event occurs far more quickly than either human
or automated control systems can respond, all practical reactor concepts rely upon rapid natural
negative feedback mechanisms (e.g., Doppler broadening & thermal expansion) for stability
which can work because a fraction of the neutrons (“delayed neutrons”) generated per fission are
not immediately released. Most of such delayed neutrons are generated by the decay of “hot”
(relatively short lived) fission product isotopes.

Thermal expansion increases the distance between atoms thereby reducing the probability that a
neutron emitted by one will strike another.
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The thermally(or particle speed) -driven Doppler effect broadens the reactor fuel’s fertile
material‘s (e.g., 228U) resonance capture (absorption) cross section thereby increasing the
probability that neutrons will interact with it rather than with its fissile. That is responsible for
most of a thermal (moderated) reactor’s negative (power stabilizing) temperature reactivity
coefficient.

Several kinetic factors impact the rate at which the power (heat) produced in a nuclear reactor
responds to changes in the position of a control rod. Other features of the design govern how
rapidly heat is transferred from the reactor fuel to the coolant.

The nuclear chain reaction has a positive feedback component whenever a critical mass is
created; specifically, excess neutrons are produced for every fission. Inside a nuclear reactor,
these excess neutrons must be controlled as long as a critical mass exists. The most significant
and effective control mechanism is the use of control rods to absorb the excess neutrons. Other
controls include the size and shape of the reactor and the presence of neutron reflectors in and
around its core. Changing the amount of absorption or reflection of neutrons affects neutron flux,
and therefore, the reactor’s power.

One kinetics factor is the tendency of most light-water-moderated reactor (LWR) designs to have
negative moderator temperature and void reactivity coefficients. A negative reactivity coefficient
means that as the water moderator heats up, molecules move farther apart (water expands and
eventually boils) and neutrons are less likely to be slowed by collisions to energies favorable for
inducing fission in the fuel. Because of these negative feedback mechanisms, most LWRs will
naturally tend to decrease fission rate in response to additional heat within their core. If enough
heat is produced that water will boils within core , drastically decreasing fission rates in that
region.

However, when power output from the nuclear reaction increases rapidly, it may take longer for
the water to heat up and boil than it does for steam voids to cause the nuclear reactions to
decrease. In such events, reactor power can grow rapidly without that negative feedback from the
expansion/boiling of the water, even if it is in a channel just 1 cm away. Dramatic heating will
occur to the nuclear fuel, leading to melting and vaporization of the metals within the core. Rapid
expansion, increases in pressure, and failure of core components may lead to the destruction of
the nuclear reactor, as was the case with the US Army’s SL-1. As the energy of expansion and
heat travel from the nuclear fuel to the water and the vessel, it becomes likely that the nuclear
reaction will shut down, either from the lack of sufficient moderator or from the fuel expanding
beyond the realm of a critical mass. In the post-accident analysis of SL-1, scientists determined
that the two shutdown mechanisms were almost equally matched

The term "positive void coefficient' is often associated with Russia’s graphite moderated, water
cooled, RBMK reactors one of which blew up at its Chernobyl power plant. Reactors cooled by
boiling water contain a mix of steam and liquid within their core. Because liquid water is a more
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efficient coolant and a stronger neutron absorber than is steam, a change in the proportion of
steam bubbles, or 'voids', in the coolant changes reactor core reactivity. The ratio of these
changes is its “void coefficient of reactivity’. When that coefficient is negative, an increase in
steam will lead to a decrease in reactivity. In those reactors where the same water circuit acts as
both moderator and coolant, excess steam generation reduces the slowing of neutrons necessary
to sustain the nuclear chain reaction leading to the reduction in power constituting a basic safety
feature of most of the Western world’s LWRs. In reactor designs where the moderator and
coolant are of different materials as is the case with the RBMK and the USA’s first-generation
weapons plutonium production reactors, excess steam reduces cooling but because the
moderator remains intact the nuclear chain reaction continues. In some of them most notably the
RBMK, the neutron absorbing properties of the cooling water is a significant factor in their
operating characteristics. In RBMK reactors the void coefficient is the dominant contributor to
overall reactivity coefficient of. At the time of Chernobyl’s accident, that reactor’s void
coefficient of reactivity was so positive that it overwhelmed the other components of the power
coefficient, resulting in an overall positive power coefficient thereby creating a “positive
feedback” loop responding much faster than its operators could reinsert its control rods into the
core. When the power began to increase, more steam was produced, which in turn led to an
increase in power which meant less cooling and less neutron absorption, resulting in a rapid
(explosive) power increase roughly two orders of magnitude greater than that reactor's rated
capacity.

Another relevant kinetics factor is the contribution of what are called delayed neutrons to the
chain reaction in the core. Most neutrons (the prompt neutrons) are produced nearly
instantaneously via fission. But a few — approximately 0.7 percent in a 23°U-fueled reactor
operating at steady-state — are produced through the relatively slow radioactive decay of certain
fission products. That delayed production of a fraction of the neutrons is what allows reactor
power changes to be controllable on a time scale amenable to both humans and machinery. In
the case of a rapidly ejected control assembly, it is possible for the reactor to become critical on
the prompt neutrons alone (i.e., prompt critical). When the reactor is prompt critical, the time
required to double its power is on the order of 10 microseconds. The duration necessary for
temperature to follow the power level depends on the design of the reactor core. In a properly
operated conventional LWR, coolant temperature typically lags behind power output by 3 to 5
seconds. In the SL-1 design, it was about 6 milliseconds before immediate formation blew the
whole thing up.

Finally, one measure of a reactor's performance is its "conversion ratio” (CR), the ratio of new
fissile atoms produced to fissile atoms consumed. All nuclear reactors except those specially
designed and operated as “waste” burners” accomplish some degree of conversion. As long as
there is any amount of any fertile (e.g., 28U or 2?Th) material within a reactors’ neutron flux
some new fissile material is created. When the conversion ratio is greater than 1, it is usually
called its "breeding ratio (BR)."
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For example, the nuclear power industry’s now dominant light water moderated reactors
(LWRs) typically have conversion ratios of ~0.6. Pressurized heavy water moderated reactors
(PHWR or CANDU reactors) running on natural uranium exhibit conversion ratios of ~0.8
because that moderator (D20 rather than H20) is less wasteful . In breeder reactors, the
conversion ratio is higher than 1. "Break-even" is achieved when a reactor’s conversion ratio
reaches 1.0 and it produces exactly much fissile material as it “burns”.

The doubling time is the what it would take for a breeder reactor to produce enough new fissile
material to replace its original fuel and produce an equivalent amount of new fuel for another
such reactor (for more about this see Breeder reactor - Wikipedia )

An excellent source of more information about nuclear physics is freely available at
https://www.nuclear-power.net/nuclear-power/reactor-physics/.
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Chapter 2. Africa’s especially special issues

Apparently because | am among a minority of scientists (Springer 2014, Sims 2011, Hansen
2008, Sachs 2012, Hansen 2016, and EFN 2018) willing to say that today’s politically correct
(non-nuclear) renewable energy sources couldn’t support even the near future’s (~2050 AD)
human population without severe environmental consequences, three years ago | was asked to
contribute a chapter to Professor Ratten Lal’s latest soil science volume describing how a
"nuclear renaissance" could address Africa’s especially imposing technical/social/environmental
issues (Siemer 2018). That morphed into one of QUORA’s longest-ever winded “answers”
which, in turn, inspired the first version of this book (QUORA 2018).

Since | like to use specific numeric examples to support whatever point I’m trying to make,
many of this book’s examples will address some of the African continent’s especially imposing
future issues?®. Unlike most first world nations, most Africa’s 54 countries continue to exhibit
alarmingly high rates of both population growth and poverty (ESA 2015). Approximately 380
million of its ~1.2 billion people are extremely poor — often hungry — and ten of the world’s most
underdeveloped (Trump 2018) countries — Mozambique, Guinea, Burundi, Burkina Faso, Eritrea,
Sierra Leone, Chad, Central African Republic, Democratic Republic of Congo, and Niger — are
located therein. Furthermore, although considered to be exceptionally underdeveloped, none of
them are among the twenty countries recognized to possess the world’s lowest living costs
(Cheap 2018) meaning that Africa’s poor people are considerably poorer in fact than are those in
more technologically advanced but poor by OECD standards nations like Romania. Most of
Africa’s people are plagued by a lack of basic infrastructure due to dysfunctional, self-serving
governance exacerbated by long-festering civil/tribal/religious conflicts and therefore face bleak
futures?’. Much of Africa is also apt to be particularly hard-hit by anthropogenic driven climate

26 More so than is the case in other continents, African agriculture is dominated by human powered family farming.
~80% of Africa’s ~33 million farms are tiny - under 2 hectares. While women mainly comprise its agricultural labor
force, the rules governing land ownership and transfer rights are less favorable to them than is the case in Asia or
Latin America. Over the last decade, large-scale African investment contracts have covered 20 million hectares,
representing more than the combined arable areas of South Africa and Zimbabwe. What’s worse is that Africa’s
agricultural potential is under threat. Many of its farmers struggle to replenish soil fertility due to unsustainable
operations, lack of investment capacity, and/or secure land tenure. Impressed by the gains made by industrial
farming elsewhere, Africa’s topmost decision-makers often make it easy for “outside” investors to acquire land in
ways that shortchange its current tenants (Mayaki 2020).

27 “Life has become more brutal and brutish”, Wole Soyinka (84-year-old Nigerian playwright & philosopher).
CGTN interview, 16Feb2019.
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change — as is happening within the USA, its deserts are getting bigger?. The fact that most of its
countries are ill equipped to deal with any sort of natural disaster, possess economies comprised
primarily of subsistence farming on progressively poorer-quality land, and have grossly
underfunded public health, physical infrastructure, and education services constitute only some
of the factors considered in compiling quality-of-life rankings. Most of the United Nation’s
measures of Human Development (UNDP 2018) also consider the fairness of income/wealth
distribution for which Africa’s countries are also especially low-ranking (GINI 2018).
Cambridge’s Sir Partha Dasgupta, recipient of almost every award that economists can bestow,
has pointed out that most of the recent GNP increases of 2"%/3™ world countries have come at the
expense of their average citizens’ personal assets (Dasgupta 2003).

Africa’s (and the World’s) still burgeoning population growth exacerbate all of its problems. As
of 2015, the UN’s mid-range population growth projection is that Africa will have ~4.5 billion
inhabitants by 2100 AD — about three times the number anticipated for today’s most populous
nation, China. The populations of 28 of Africa’s countries are predicted to more than double
between 2015 and 2050 and, by 2100, those of Angola (see APPENDIX XXXVIII) , Burundi,
Democratic Republic of Congo, Malawi, Mali, Niger, Somalia, Uganda, United Republic of
Tanzania and Zambia are to increase at least five-fold.

Frankly, I consider such projections unrealistic. First, polls suggest that a third or more of
Americans younger than 45 either won’t have children or expect to have fewer than they might
otherwise because they are worried about climate change and the future in general. Some of the
Western World’s prominent people like Miley Cyrus have vowed not to have a baby on a
“piece-0f-shit planet.” https://www.theatlantic.com/politics/archive/2021/09/millennials-babies-
climate-change/ and Representative Alexandria Ocasio-Cortez recently mused about whether
it’s still okay to have children. The Western World’s Millennials and Gen Z are not the first
generations to face the potential of imminent, catastrophic, irreversible change to the world they
will inherit. However, they seem to be the first to seriously entertain whether that means they
should stop having children.

Second, the western world’s increasing “populism” (extreme polarization often bordering upon
fascism) driven primarily by rapidly increasing class, power, and wealth disparities but usually
blamed upon Jews or foreigners.

Third, the armed-to-the teeth “leader of the western world” is anxious about the fact that its
dominance of the world’s economic system is rapidly diminishing which could lead to the

28 Much of Spain, Portugal and southwestern US is becoming even more desert-like and each year’s heat waves are
killing more people everywhere.
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election of an “unstable” commander in chief who might start a third world war far more
impactful than were its predecessors?°.

Fourth, more refugees than ever are being forced to flee their homes due to war, terrorism,
persecution, and the consequences of climate change®® but often have no place to go in an
increasingly crowded world.

Fifth and finally, there’s the fact that within another human lifetime we will inevitably be faced
with the consequences of “peak oil”, “peak coal”, “peak gas” and “peak soil” but act as if
neither we nor our leaders believe it.

Most of human history suggests that those factors are apt to ignite another “world war” likely to
kill far more people than did its 20" century’s predecessors and thereby reverse this century’s
still-ongoing population boom.

A surprisingly large fraction of the people fearing the effects of overpopulation upon the
environment feel that other people should be left to starve, or freeze, or die of overwork,
or...etc., to cut their numbers (“Social Darwinism”). Over population remains an issue because
today’s business and cultural models severely impact the natural world while leaving many of its
human inhabitants poor, ignorant, desperate, miserable, but nevertheless still overly fertile. We
must confront, not ignore such uncomfortable facts®!.

2 «»y S, officials crafting retaliatory actions against China over coronavirus as President Trump fumes.”
https://www.washingtonpost.com/business/2020/04/30/trump-china-coronavirus-
retaliation/?utm_campaign=wp_evening_edition&utm_medium=email&utm_source=newsletter&wpisrc=nl_evenin
g . The USA is also planning to resume nuclear bomb testing https://www.defensenews.com/smr/nuclear-
arsenal/2020/05/26/live-nuclear-testing-could-resume-in-months-if-needed-official-says/ .

30 Over human history, climate changes —usually drought—have forced more people to abandon their homes than
has anything else (Toonen at al 2020). Today’s climate refugees are finding it difficult to settle elsewhere because
the world is much more crowded than when the people who had colonized Greenland (Norsemen), the Ottoman &
Khmer empires, or the Mexican, Mayan, and Indus Valley civilizations had to abandon their homelands.

3t may happen that when we humans all get rich enough & smart enough to quite stuffing the world with still
more people, we’ll voluntarily quit doing it & (over)population growth will end. However, it seems likely that that’s
not going to happen before many of the people currently living are killed off by “resources” war/wars engendered
by most of them (not the super-rich of course) experiencing the consequences of their world’s reaching multiple
“peaks” (oil, coal, gas, water, soil, & food). It’s no coincidence that China didn’t begin to become genuinely
“great” again until its bosses decided to impose/enforce a one child per woman policy.
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If we sincerely wish to enhance “brotherhood”, “equality”, and/or “compassion” we must change
our leadership’s business models, the first step of which be to see that they provide everyone
with abundant, cheap, clean, and reliable nuclear energy ASAP. If that comes to pass, there
won’t be a “population problem”, global warming will abate, the rivers can be allowed to run
free again, and we’ll stop converting the world’s remaining natural regions into palm oil
plantations, cattle feedlots, corn/soybean farms, and deserts. Doing so might even bring an end
to the Anthropocene’s galloping “Sixth Extinction” (Kolbert 2014)%2,

Unless a new, worldwide, “Fair Deal” ” somehow comes to pass*?; the relative demographic
weight of the world’s developed countries will drop shifting economic power to developing
nations. The already-developed countries’ labor forces will age and decline constraining
economic growth and raising the demand for cheap” non-documented immigrant workers which
will then likely further increase the frequency of killings, burnings, and bombings driven by
jingoistic populism®. It’s also likely that most of that growth will occur in the poorest,
youngest, and most heavily faith-based (mostly Muslim) countries many of which will be unable
to provide adequate education, capital, and employment opportunities for the majority of their
young people.

Finally, most of the world’s population will likely live within cities, with the largest such
urbanized areas in the poorest countries, where adequate policing, sanitation, health care, and
even clean water are now available to only their richest inhabitants. Such urbanization is apt to
be profoundly destabilizing. People moving to cities within developing countries during the rest
of this century are apt to have far lower per capita incomes than did those of most of today’s
industrial countries when they did so. The United States did not reach 65 percent urbanization
until 1950, when its per capita income was nearly $118,000 in 2019’s dollars. By contrast,
countries like Nigeria, Pakistan, and the Philippines now approaching similar levels of
urbanization, have per capita incomes of 2,300-5,200 such dollars. Countries with younger
populations are especially prone to civil unrest and less able to create or sustain democratic
institutions. The more heavily urbanized they become, the more they are apt to experience

32“Invasive alien species” is the major cause of anthropogenic extinctions, not climate change. Of course, we
humans along with our pets and livestock are the most impactful of those aliens.

33 The Fair Deal revealed by U.S. President Harry S. Truman in his 1949 State of the Union address was an
ambitious set of proposals continuing Roosevelt’s New Deal liberalism. Its key proposals included aid to education,
universal health insurance, the Fair Employment Practices Commission, and repeal of the Taft—Hartley (anti-union)
Act. However, because then as now, a “Conservative Coalition” controlled Congress they were all turned down.

34 The Trump administration’s “anti-foreigner” policies and actions didn’t just harm the people that wanted to
immigrate to the USA; they also hurt its chance of becoming “great” again. Over 70 % of the workers that its
government officially deemed « essential » are immigrants. Over 50% of the patents currently issued in the US are
to immigrants some of whom represent ~60% of Silicon Valley’s high-tech workforce.
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grinding poverty and anarchic violence. In good times, a thriving economy might keep urban
residents employed and governments flush with sufficient resources to meet everyone’s basic
needs. However, more often people living in sprawling, impoverished cities are victimized by
crime lords, gangs, and petty rebellions. Thus, the rapid urbanization of the developing world is
apt to bring in more exaggerated form, the same problems that urbanization brought to
nineteenth-century Europe: cyclical employment, inadequate policing, and limited sanitation and
education which spawned wide-spread labor strife, periodic violence, and sometimes, even
revolutions. International terrorism originates in fast urbanizing developing countries. Within
poor sprawling megacities like Mogadishu and Damascus, neighborhood gangs armed with
internet-enabled social networking capabilities offer excellent opportunities for the recruitment,
maintenance, and hiding of terrorist networks (Goldstone 2010). These cities are apt to become
increasing dirty and polluted because they are apt to remain on the rising edge of the
“environmental Kuznets curve”.

When life is cheap, worthwhile jobs unavailable, and the future looks worse, history suggests
that people are apt to go to war.

US Pentagon studies (CNA 2014) concluded that the root cause of most such deaths will be
disease and starvation engendered by the disintegration of technology-dependent societies
dependent upon increasingly limited/degraded resources (land, food, fuel, high grade ores, etc.).
In his book, "Small is Beautiful: A Study of Economics as if People Mattered", Ernst
Schumacher (Schumacher 1973) observed that today’s technological civilization is unsustainable
because the finite resources enabling it are treated as inventory (income) rather than capital. The
sustainability of today’s economic systems therefore requires continued growth of both
population®® and nominal wealth (GDP), both of which are impossible in a finite world.

Consequently, our leadership’s objective should become encouraging the development of a
genuinely sustainable and much more egalitarian world in which everyone regardless of where

3 The environmental Kuznets curve (GOOGLE it) is a relationship between environmental quality and economic
development: several indicators of environmental degradation (e.g., air pollution) tend to get worse as economic
growth occurs until an average person finally becomes rich/influential enough to insist that the powers-that-be
implement something along the lines of the USA’s “Environmental Protection Agency”.

3 The Earth now supports about three times as many people as it did when | was born and five times more than
when my grandfather was. Most of that growth is due to the energy-driven technological advances that decreased
child mortality while rendering it possible to feed more of us. I suspect that if this book’s utopian scenario were to
come to pass, human population would gradually drop back to a level (2-3 billion?) consistent with both more
pleasant lives for individuals (increasing total happiness) and more room for other living creatures — it’s possible:
after all, we humans are supposed to be sapient.
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he/she lives or who they know does indeed matter®”. Until the USA’s leaders acknowledge these
points, embrace appropriate goals, and begin to act accordingly, we'll just continue to spin our
wheels, blame scapegoats, and bitch about everything and everyone.

What are those goals?

Since food represents any living creature’s most fundamental need and its source for humanity is
farmland, I’ll begin by describing what’s been happening along those lines within the world’s
most undeveloped continent, Africa. A recent Brookings Institute report (McArthur 2013), points
out that, “no matter how effectively other conditions are remedied, per capita food production in
Africa will continue to decrease unless soil fertility depletion is effectively addressed.” It goes on
to say that a second major problem with the oft-assumed African “land abundance” hypothesis is
its inconsistency with convincing evidence that its soils are being simultaneously depleted and
eroded by today’s agricultural practices which includes a decline in fallowing. While some
African leaders along with the management of “land grabbing” (?) international agribusiness
concerns seem to feel that Africa still has plenty of yet-undeveloped arable land, many of
Africa’s poorest people (mostly subsistence farmers) can’t afford to let any of theirs lie fallow
and thereby eventually recover: some families live on 0.36 ha (0.9 US acre) farms yielding under
1 t of grain/ha (t = tonne = 10" kg = 10*® grams: ha = hectare = 10** m?=2.59 US acre) while the
first-world’s farmers routinely produce 3 to12 t/ha of whatever cash crop they chose to plant on
their several order of magnitude larger farms?®.

The key differences between the agricultural practices of developed nations and most of Africa’s
include:

« Developed nations heavily fertilize their croplands — most of Africa’s farmers can’t afford
artificial fertilizers and, moreover, often must burn any manures, weeds, sticks, or crop residues
they can gather to cook their food®.

37 «— Franklin D. Roosevelt The test of our progress is not whether we add more to the abundance of those who
have much; it is whether we provide enough for those who have too little.”

38 During the last forty years, farming has been the primary exception to the USA’s “deindustrialization” which
policy has rendered them very expensive to operate and intensely competitive . Including its little “hobby farms”,
the average size of a USA Corn Belt farm is now up to about 350 acres, and such land is now worth about
$12000/acre. Unfortunately, many of its therefore seemingly “rich” farmers are going bankrupt because their
incomes often don’t exceed their expenditures.

39 Cooking is a uniquely human capability without which >80% of us would starve.
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* Developed nations’ farmers can afford to irrigate their croplands — most of Africa’s can’t. That
issue is exacerbated by the fact that much of Africa’s nominally arable land doesn’t get enough
rain to reliably support anything other than skeletal cow or goat grazing.

» Most developed-nation farms are both large and productive enough to enable their owners to
buy/utilize specialized machinery which renders their labor far less exhausting and much more
rewarding. The world’s poorest farmers still work themselves to death with primitive tools

«Developed nation farmers can afford to use better seeds*® that increase yields and better resist
the effects of herbicides, drought, fungus, insects, or microbes.

« Developed nation farmers can afford to use advanced herbicides and insecticides

+ Developed nation farmers are supported by adequate storage facilities and efficient food
distribution networks

Chapter 3. Why almost everything boils down to
energy inputs

It is evident that the fortunes of the world's human population, for better or for worse, are inextricably
interrelated with the use that is made of energy resources.

M. King Hubbert

The differences between the lifestyles of the world’s rich vs poor people reflect the relative
amounts of raw/primary energy supporting their lifestyles, which still as of 2021 just boils down
to their relative per capita fossil fuel consumptions. Since I’'m going to be
demonstrating/supporting most of my contentions with ball-park calculations, let’s start off with
a table containing many of the numbers/terms that will be used throughout complete with their
units (for brevity’s sake I’ll be leaving the units out of most of this book’s example calculations
using them)

40 This includes seeds improved by traditional slow/laborious back-crossing/selection techniques, genome editing
(no introduced DNA), and full-blown Genetic Modification (GMO) which adds snhippets of DNA. Unfortunately,
at this time (mid-2020) the European Union’s plant scientists are baffled/frustrated by a 2018 European Court of
Justice decision that departed from the international definition of GMOs to include genome-edited plants.
Nonsensically politicized “technical” decisions like that decrease yields, impact biodiversity, and increase both food
costs and pesticide/herbicide usage. APPENDIX XXXV describes how those sorts of decisions are also
impacting many of Africa’s people.
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Table 1 “Special numbers” along with their units (try to memorize them)

3.15E+7
24

8760
365
3.2E-11

6.023E+23

1.6E-19

Watt (power)
kWh

GWyear
(energy)

Calorie)
Acre (area)
BTU (energy)

Quad
BOE

nXx
kX
MX
GX
X

EX

= number of seconds per year [3600*24*365]

= 24 hr/day (8760 hr/year)

= number of hours per year

= 365 days/year =365 days/a

(energy) = # of Joules generated by the fission of a single actinide
atom (=’s 200 million electron volts (MeV) or 5.23E-21 barrel of
oil equivalents (BOE — the oil industry’s favorite energy unit)

= number of atoms, molecules, etc., per gram mole of anything
(Avogadro’s number)

= number of electron volts per Joule (oxygen combustion of a
single carbon atom generates ~ 4.1 electron volts or ~2.05E-6 of
one percent as much heat energy as does the fission of a single
actinide atom)

(power) = W = energy/second = Joule/s = J/second = J/s =
0.00134 mechanical horsepower=10" ergs per second

(energy) kilowatt hour = 1 J/s*3600 s/hr*1000 = 3.6E+6 Joules
(most common unit for electrical energy)

= Giga Wyyr = one million kwh per year=1E+9*3600*24*365 =
3.15E+16 J where

(x) is either thermal (x=t) or electrical, x=e (e.g., GWe)
(energy) =4.19 J = 0.001 kilocalorie = 0.001 kcal

= 43560 ft*>= 4049 m? = 0.4049 ha = 0.0015625 mile?

= British Thermal Unit =252 calories=1055 J (energy required to
heat one pound (454 g of water) 1 degree F or 5/9 degree C)
(energy)= one quadrillion BTU = 1.055E+18 J

(energy) = barrel of oil equivalent=6.1E+9J (assumes a 42 US
gallon barrel, 10 kcal/g, and 0.916 g/cc oil)

=10%*X =nano X,

= 10"3*X = kilo X

= 10%%*X = Mega X

= 10"*X= Giga X

= 10"%*X=Terra X

= 10*18*X= Exa X
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In his latest book, “Question of Power”, journalist Robert Bryce tells the uniquely human story
of electricity and shows how our cities, money, health, and livelihood depend upon a reliable and
sufficient supply of it (Bryce 2020). He highlights the factors needed for successful
electrification and explains why so many of the world’s people remain stuck in the dark. He also

debunks the notion that the future’s energy needs could be met solely with today’s “renewables”
and demonstrates why that if we are genuinely serious about addressing

China GDPpc and CO2 Emissions Over Time
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Figure 2 the whys of excessive anthropogenic greenhouse gases

climate change, nuclear energy must play a much bigger role than most of the world’s energy
experts currently assume.

After first describing the history & probable future of all of mankind’s energy/power sources,
another book written by an even more veteran journalist arrives at the same conclusion (Rhodes
2018).

They are both following in the six decade-old footsteps of Alvin, Weinberg, Eugene Wigner, and
M. King Hubbert.

There is a tremendous need to develop better ways of providing the “energy services” required to
fuel economic development and provide energy security for everyone, not just for the world’s
richest people. One of the best-written descriptions | have seen yet of both what that problem is
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and how it might be addressed is a book written/published by the Post Carbon Institute and freely
available at its website (Heinberg & Fridley 2016). Unfortunately, its authors do not include
nuclear power in their much constrained*, all renewables-powered, hypothetical future world
because “nuclear fuel is not renewable”. Heinberg & Fridley were right in the sense that we here
in the West do not yet have renewable nuclear power, but wrong to completely write off that
possibility because it should*?, could, and must eventually become available to everyone
regardless of where they live. Addressing the hows and whys of accomplishing that will be the
main subject of this book.

There are three types of natural primary (“raw’) energy sources:

. The first are energy flows-processes primarily driven by sunlight from which some
useful-to-humans energy can be extracted, e.g., solar radiation, winds, and rain/snow water
flowing downstream in rivers. Most of the potentially useful energy represented by such flows is
both diffuse (low power potential per unit area or mass which means that harvesting it requires
lots of time and large equipment) and intermittent which means unreliable with respect to many
of humanity’s energy/power demands. However, because the sun will continue to shine long
after humans become extinct, such flows are also “renewable” meaning that they are
inexhaustible as far as we are concerned.

. The second is fossil fuels comprised of relatively concentrated, biologically generated,
forms of stored solar energy. There are two types of them: 1) renewables or “fresh” biofuels
including the wood, bioethanol, and sundry biodiesels produced in modest quantities every year
by still-existing lifeforms, and 2) relatively large, eons-old, fossilized (“dead’) biofuel
accumulations including peat, bitumen, coal, petroleum, and natural gas that Mother Nature does
not replace at rates relevant to maintaining today’s consumption rates.

41 “As we have seen, relying entirely on renewable energy entails some hefty challenges. We have discussed at some
length the problem of source intermittency and the need for energy storage, grid redesign, and capacity redundancy;
the environmental and land use challenges of installing very large numbers of solar panels and wind turbines;
electrification and the revamping of energy-consuming equipment; and the requirements for very high levels of
investment. The conclusion we have reached so far is that, realistically, a mostly wind-and-solar future will likely
provide less energy overall, less mobility, and less manufacturing capacity. This conclusion is likely to be
unwelcome to many readers, again leading to objections regarding the study’s narrow boundary assumptions. This
chapter addresses three of the most likely of those objections” (Heinberg & Fridley 2016)”

42 A year ago University of Notre Dame philosophy professor Don Howard (Howard 2019) wrote a wonderful 28
page essay explaining the moral/ethical reasons for pursuing this book’s goals — it’s free at
https://www.researchgate.net/publication/338955643 The Moral_Imperative_of Green Nuclear Energy Productio
n_Notre_Dame_Journal_on_Emerging_Technologies_1 2020 64-91
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. The third is nuclear fuel comprising natural (i.e., still existing, meaning long-lived)
isotopes of elements at the extremes of the periodic table (e.g., hydrogen and the actinides,
uranium & thorium, which possess nuclei unstable with respect to those of elements (e.g., iron)
near its center. Isotopes at the light end of that table were generated by the “big bang” that
created the universe and their heavier cousins were subsequently generated by the supernovas
that created our solar system’s heavier elements. Useful energy can be generated by either
fusing those lightest element nuclei together (“fusion energy”’) which the outcome of over 50
years of study and experimentation suggests is virtually impossible to controllably implement
here on Earth, or by fissioning two of the elements (actinides) at that table’s heavy extreme.
Many, many different fission reactor concepts have been proposed some of which have been
demonstrated and even used to accomplish useful things.

According to the dictionary, renewable electricity is generated by either naturally replenished or
inexhaustible sources. A sustainable source can supply a specified amount of power
(energy/time) for a long, definite, period, e.g., “the foreseeable future” if “forseeable” means
>1000 years. Some forms of renewable power — for example, a cod liver oil-based “biofuel” -
must be used cautiously so that it isn’t quickly depleted, its source (codfish) destroyed, or
otherwise rendered unavailable. Conversely, a non-renewable resource can be sustainable if used
at the rate that our Neanderthal ancestors burned coal. However, if such things are used as we
do now, they will be effectively exhausted*® well within another single human lifetime. As this
book will establish, today’s civilian nuclear fuel cycle is neither sustainable nor renewable and
that tomorrow’s could, should, and must become so.

By circa 2100 AD (and preferably sooner) we must build — not just “demonstrate” clean
(greenhouse gas (GHG)-free) energy generating technologies capable of powering the homes,
factories, transportation systems, and cities of a world that’s probably even more
environmentally compromised with ~50% more people to support than is the one we live in.
The speed and scale of such change is unprecedented. Those needs cannot continue to be
satisfied for a few “special” people at the expense of the majority — the rich cannot keep getting
richer while everyone else’s lives continue to become more precarious.

On-farm agricultural energy consumption in richer (“developed”) countries entails burning diesel
oil, gasoline, and/or LP gas by internal combustion engines (ICSs) plus electricity made by
burning other fossil fuels, usually coal because there’s more of it & it’s cheaper. Consumption is
higher in high-GDP countries (around 20.4 GJ/ha) than it is in low-GDP countries (around 11.1
GJ/ha) and far greater than by Africa’s subsistence farms (Giampietro 2002). For example, most

43 “effectively” because getting the reminder will become too difficult/expensive — there’ll always be some of all of

them left.
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of a subsistence farm’s energy input consists of human labor which, throughout an 8-hour
workday, averages about 75 watts per person (Human Power 2018). If 100% of such useful (in
this case, mechanical) energy [2.16E+6 J/day = 75 J/s*8hr*3600 s/hr.] is devoted to cultivating
a 0.9 acre (0.36 ha) plot throughout a 6 month-long growing season, the area-normalized
“energy services” devoted to it is 1.08 GJ/ha/a [2.16E+6 J/a*365days*6/12/2.47 acre/ha/1E+9],
which is about ten percent of the raw/primary food energy required to keep each person so-
occupied alive throughout an entire year [~2500 kcal/day *365 days/a]. Energy-wise that’s not
very efficient — state of the art farm machinery generates 20-30% of one joule’s worth of useful
energy from a joule’s worth of its fuel’s heat energy and doesn’t consume anything when not
actually doing something useful.

According to a “Food and Agriculture Organization of the United Nations” (FAO) report (Sims
2011), the raw/primary energy consumed by the world’s “food sector” amounts to ~95 EJ (exa
(10*18) Joules) per year — approximately 20 percent of current total global raw/primary energy
consumption (~570 EJ/a =18 TW) — and generates over 20 percent of mankind’s greenhouse gas
emissions. Land use changes, particularly the deforestation caused by the expansion of
agricultural lands to raise food (mostly for livestock) crops and biofuels (IPCC 2007) constitutes
another ~15 percent of anthropogenic GHG emissions. Only about 5% of that energy, ~6 EJ,
directly supports on-farm activities such as cultivating and harvesting crops, pumping water,
housing livestock, heating protected crops, drying, and short-term storage. The majority of the
agricultural sector’s energy demand is devoted to fertilizer and pesticide production, transport,
food processing, packaging, storage, and distribution.
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Figure 3. ""Peak gas'? (Also see Figure 86 and Figure 72)

All the world’s developed countries have adopted Dr. Borlaug’s fossil-fueled “Green
Revolution” which has enabled ~90% of today’s ~7.7 billion people to consume as much food —
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both necessities along with some luxury items — as they want (Borlaug 2019). Approximately
one half of the world’s current population would quickly starve if that hadn’t happened.

As I’'m writing this paragraph (20ct2021) global food prices are reaching new highs FAO -
News Article: Global food commaodity prices rebound in August because the cost of the
energy required to produce and distribute it is spiking everywhere Figure 3. "Peak gas"? (Also
see Figure 86 and Figure 72 )Figure 3, Figure 72, and Figure 86). Cindy van Rijswick, a senior
analyst at Rabobank, said the hyperinflation in European gas , electricity, and now food prices is
having a "massive impact"” on its greenhouses and has forced some producers to reduce lighting,
end the growing season early, or just plant again next spring when (if?) natural gas prices
subside.”

3.1 Energy’s environmental effects

“ From Day One, the Biden-Harris Administration has prioritized addressing the climate crisis
both at home and as a core element of our national security and foreign policy. The climate
crisis is reshaping our physical world, with the Earth’s climate changing faster than at any point
in modern history and extreme weather events becoming more frequent and severe. In just 2021,
wildfires raged across the western United States, throughout the Mediterranean region, and
eastern Russia; Europe, China, and India experienced extreme flooding, and the world has
suffered unprecedented levels of drought. The scientific community is clear: human activities
have directly contributed to climate change. We are already experiencing the devastating
impacts that climate has wreaked on almost every aspect of our lives, from food and water
insecurity to infrastructure and public health, this crisis is exacerbating inequalities that
intersect with gender, race, ethnicity, and economic security. We have reached a point where we

’

cannot reverse some of the changes to the climate system.’

https://www.whitehouse.gov/wp-content/uploads/2021/10/Report-on-the-lmpact-of-Climate-

Change-on-Migration.pdf

I’m going to begin this section with a recommendation that readers put this book down and
spend 40 minutes listening to Professor Sylvia Dee’s outstanding lecture explaining the hows,
proofs, and consequences of anthropogenic climate change Shared Talks - Google Drive.

Anthropogenic climate change is currently contributing to a man-made “sixth extinction”
comparable in scale to that which killed off the dinosaurs (Kolbert 2014). A recent paper
published in the Proceedings of the National Academy of Science (Sherwood & Huber 2010)
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points out that the continuation of present trends could cause humans to also become “extinct”
over much of their current range by 2100AD**.

Three years have passed since Hurricane Maria tore into Puerto Rico just two weeks after
Hurricane Irma had also hit it. Those “events” uprooted many of that US territory’s trees, utility
poles and cellphone towers; flooded homes and destroyed its fragile renewables-powered
electrical grid’s windmills and solar panels (see https://www.youtube.com/watch?v=1AAHJs-
J3uw ). The subsequent lack of clean water, refrigeration, and fully functional health care
system claimed an estimated 3000 additional victims during the next few months. Its electrical
power system still has not fully recovered, and long-range future plans remain unresolved®. It is
only a matter of time before the same sorts of climate change supercharged hurricanes similarly
impact millions of US citizens living in states along its Gulf of Mexico and Atlantic Ocean
coastlines.

Global warming has severely reduced rainfall along the western coasts of both north and south
America. For example, the Andean mountains’ glaciers are disappearing which means that many
of Chile’s reservoirs and rivers are running dry which is forcing its six-million-person capital
city, Santiago, to begin the rationing of tap water in the same way that many nations must
ration electricity, i.e., with "rolling dryouts". A contributing reason for its peoples’ food (e.g.,
potatoes and quinoa) and now drinking water issues is that a military dictatorship (the Pinochet
government”) had "privatized' its water several decades ago which therefore became the
property of a few rich people that raise "cash crops" for export (wine, fresh fruit, dairy, pork,
poultry, and forestry products) with it.

Something that virtually everyone who understands the scientific method now agrees upon is that
we need to stop burning fossil fuels if we are to avoid breakdown of the world’s ecosystems and

4 Sherwood & Huber’s argument is based upon scientific facts, not polled opinions. Human core temperatures
must remain at about 37°C and, even while resting in the shade, we generate ~100 W of metabolic heat that must be
dissipated via some combination of heat conduction, evaporative cooling, and infrared radiative cooling. Net
conductive and evaporative cooling can occur only if the object (human) is warmer than its environment’s wet-bulb
temperature which is rising world-wide due to enhanced seawater evaporation. If the ambient wet-bulb temperature
reading gets above ~35°C, the human body can no longer cool itself off, even when fully drenched with sweat &
standing in front of a fan. This is when serious health problems set in for even young and healthy people not rich
enough to live/work in buildings featuring energy needful compression/expansion-type air conditioning.

%5 The most often-parroted proposals assert that “micro grids” would solve Puerto Rico’s problems, i.e., when
another big hurricane destroys most of that island’s solar panels and windmills again, the people in its most-
affected regions wouldn’t mind being unable to import power from the other side of that island. Here’s an update

on what’s been happening there recently (October 2021) Puerto RicanS fume as Outaqes
threaten health, work, school (apnews.com)
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stop runaway global warming. Even the managers of the world’s second largest publicly traded
oil and gas producer, Royal Dutch Shell, have finally come to admit that. In 2020, that
company’s CEO, Ben van Beurden, said “The future of energy needs to evolve as something else,
and we find a role for ourselves in it.” His is the same company that knew its product was
causing the planet to warm for decades, but nevertheless spent vast sums obfuscating the truth by
funding myriad climate change denying think tanks and lobbying politicians across the globe.
Van Beurden himself admitted his company’s guilt when he said, “Yeah, we knew. Everybody
knew, and somehow we all ignored it.”*® However, it was only in 2019 that Shell finally opted to

4% STATEMENT OF MARTIN HOFFERT, FORMER EXXON CONSULTANT, PROFESSOR EMERITUS,
PHYSICS, NEW YORK UNIVERSITY

Wednesday, October 23, 2019, US House of Representatives Subcommittee on Civil Rights and Civil Liberties
Committee on Oversight and Reform, Washington, D.C.

The managers of oil companies like Exxon knew the scientific reality 40 years ago but waged a war of deception
that cost us precious time in the fight to save our planet.

In 1977, an Exxon scientist told his company's top executives that fossil fuel usage was releasing enough carbon
dioxide to change the planet's climate.

Two years later an internal Exxon memo noted that the buildup of CO2 in the atmosphere would, “*bring about
dramatic changes in the world's environment."

In a 1981 memo, Exxon executive Roger Cohen cautioned against understating the threat to our planet, warning
that the Earth's temperature could rise so high that it would, quote, ~*produce effects which will indeed be
catastrophic, at least for a substantial fraction of the population.”

Decades ago, Exxon’s decision makers knew that climate change was real and would have devastating
consequences if left uncorrected. In fact, according to Exxon scientist Ed Garvey, Exxon was so certain of its
science that it originally sought to be part of the solution and launched a sophisticated research program aimed at
further understanding the full range of carbon dioxide's effects on our planet.

To Exxon's credit, its scientists were at the forefront of this research, and their dire predictions turned out to be
frighteningly accurate. Unfortunately, scientists rarely set policies. When faced with the reality of the massive
damage fossil fuels were likely to cause, Exxon’s leadership could have chosen to present that truth to the public,
redirect its own research and development resources, and lead the way to a global shift toward alternative energy
sources.

They didn’t. they instead sold off its renewable energy companies, doubled down on fossil fuels, and along with
other big oil companies like, Shell and Mobil, launched an extensive climate denial campaign that undermined the
work and warnings of its own scientists.

We are thankfully beginning to see momentum shifting toward actions to prevent the further destruction of our
climate but must remain wary of the feel-good commercials and empty promises of companies still intent upon
deceiving the public. Exxon and their allies are continuing to fund climate denialism and look for new oil fields to
exploit, as the warnings from most of the world’s independent scientists grow increasingly dire.
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leave the American Fuel & Petrochemical Manufacturers lobbyist group, citing an incompatible
position on climate change as its reason for exiting.

The fossil fuels that had enabled the 20th century’s agricultural, industrial and information
revolutions also generated huge environmental impacts including the greenhouse gas (GHG)
emissions responsible for the effects of global warming/climate change.
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Figure 4 The root cause of climate change

The French polymath Jean-Baptiste Joseph Fourier (1768 — 1830) is credited with the discovery
of the greenhouse effect. In 1821, he concluded that the Earth must be covered with some sort

of invisible blanket because calculations based upon balancing its sunlight heating energy input
and its thermal energy emissions output*’ (cooling), indicated that its mean temperature is about

47 A surface’s re-emission of absorbed energy is Q=0eAT*  where...

Q is the radiation heat emission/loss in joules/sec (watts (W)

, 0 is the Stefan-Boltzmann constant = 5.67E-8 W/mA2 &

€ is the surface’s emissivity and

... Ais t surface area in m? (from the sun’s point of view, the earth’s area is that of a circle whereas its
total area is that of a sphere; i.e. 4 times larger

T is the surface’s absolute temperature (K)
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30 Centigrade degrees higher than it would be otherwise. Then in 1856, an American polymath,
Eunice Foote, wrote one of the world’s first scientific papers submitted by a woman
accepted/published anywhere,(“Circumstances affecting the heat of the sun’s rays”, American
Journal of Science and Arts). It describes the experiments that she had done to identify Fourier’s
mysterious blanket (she’d measured the temperatures of otherwise identical glass tubes filled
with different gases exposed to sunlight. “”Carbonic acid gas” (COz2), stood out because its tube
heated more quickly, reached a higher temperature, & then cooled down more slowly*.)

The next big breakthrough was in 1896 when Swedish physical chemist Svante Arrhenius
calculated/published that a doubling of the atmosphere’s CO2 would raise the Earth’s temperature by
about 5 Centigrade (or Kelvin) degrees, and predicted that, at the rate at which civilization was
then consuming coal, it might become “important” towards the end of the next millennium.

In 1957 Roger Revelle and Hans Suess published the opening shot in what eventually turned
into “the great global warming debate”. Before most other scientists and their sponsors would
take greenhouse-effect driven global warming seriously, Revelle/Suess had to get past the long-
standing, soothing-sounding, counterargument parroted by almost everyone else, i.e., that the
immense mass of the Earth’s oceans would quickly absorb carbon dioxide produced by human
activities. In the mid 1950’s, Revelle & Suess discovered that even though CO>’s residence time
in the atmosphere before being absorbed was indeed rather short - roughly 10 years — the
oceans’ capacity to continue absorbing it is both rather limited and shrinking. The reason for this
is something that most of us were exposed to in an undergraduate chemistry class, i.e., that an
aqueous solution’s ability to absorb CO2 is determined by its pH, acid/base buffering capacity,
and temperature. Its acid buffering capacity is determined by its relatively small amount of
dissolved inorganic carbon’s basic form, the carbonate anion. Only about 10% of the ~0.002
moles/liter of total carbon in “clean” seawater is present as carbonate and its proportion is
shrinking because the absorption of atmospheric carbon converts it to the bicarbonate anion
which results in a lower oceanic pH. This means that seawater can absorb only about a tenth as
much CO; as the prior, simpler-minded; calculators had concluded. While it is true that most of
the CO> added to the atmosphere would wind up in the oceans within a few years, most of it (or
an equal amount of that already in them) would promptly reevaporate back out again.

Assuming that its surface emissivity =’s absorption coefficient and 1000 watts/m? input when the sun is directly
overhead, and & that only half of the earth’s s surface gets sunlight at any given time, solve for T sans “blanket”
=’s (1/4*1/2*1000/(1*5.67E-8*1))AY/4 = 258°K = -12°C = 10°F
(due to its GHG “blanket”, the EARTH’S s total area/time-averaged temperature is now ~70°F)

48 John Tyndal, not her, generally gets credited for that revelation, He rediscovered (or stole) her ideas & published
them himself in a more prominent journal five years later.
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In 1958, Revelle’s second most famous student (that honor is held by Al Gore), David Keeling,
set up the atmospheric CO2 measuring system that’s still pumping out data on the top of
Hawaii’s Mauna Loa.

Plots of that data generate what’s now referred to as the Keeling curve - one of the 20th century’s
most important scientific accomplishments.

In 1980, NASA’s James Hansen finally put everything together and set out to try to convince
his/our country’s topmost decision makers to actually do something about it...in other words, he
too started to become a “troublemaker”.

From 1870 to the present, fossil fuel burning dumped about 580 Gt (Giga or 10° tonnes) of
carbon into the atmosphere in the form of ~2100 Gt of CO». That gas partitioned between the
atmosphere, oceans and land, warming all of them and thereby causing increasingly severe and
frequent weather events including “Super El Nifios” (Hong 2016), ocean acidification, drought
and biofuel production-driven food cost escalation, air pollution, deforestation, potable/irrigation
water shortages, sea-shoreline erosion/flooding, and relentless cost of living increases in the
world’s poorer regions. Those effects constitute threat multipliers that aggravate human stressors
— poverty, environmental degradation, hunger, political instability, and social tensions*® — and
thereby engender mass migrations along with a great deal of terrorist activity and other forms of
violence.

James Hansen probably possesses the world’s most “educated” opinions about the causes,
effects, and consequences of global warming. They’ve been summarized as follows (Hansen
2018):

1. Climate has always changed, but humans are now the main driver for change

a. Rising atmospheric co2 levels, primarily a result of fossil fuel emissions, have become
the predominant cause of continuing climate change

b. Climate change is driven by cumulative co2 emissions. The U.S. has contributed a
disproportionately large share of cumulative global emissions.

2. Current levels of atmospheric greenhouse gases (GHGS), mainly coz, cause Earth to
be out of energy balance. This imbalance is driving climate change.

49 For instance, because of Arizona’s lax environmental laws there is no restriction upon either how much water
landowners can suck up out of the ground, how such water is used, or who can own that land. Consequently,
petrodollar rich foreign investors are rendering many of its communities’ potable water wells useless by raising cash
crops - mostly alfalfa — upon huge corporate farms irrigated with “fossil” water drawn from surrounding areas.
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a. Earth’s energy imbalance is now measured and large. As long as Earth remains out of
energy balance, the planet will continue to get hotter.

b. If GHG amounts continue to rise unabated, the energy imbalance will drive global
warming to levels with climate impacts beyond the pale (see 3)

3. If high fossil fuel emissions continue unabated, its consequences will be mostly negative for
humanity, especially for its young people.

a. Sea level: Continued high fossil fuel emissions will eventually make coastal cities
dysfunctional, with incalculable consequences.

b. Species exterminations: Shifting of climate zones, with other stresses, may commit
many species to extinction, leaving a more desolate planet.

c. Regional climate: subtropics and tropics will become dangerously hot, if high
emissions continue. Emigration chaos may threaten global governance.

4. Required actions to avoid dangerous climate change are guided by Earth’s climate
history and by the need to restore Earth’s energy balance

a. Science can specify initial targets, sufficient to define policy needs

b. Emission reductions must begin promptly, or climate will be pushed beyond a point at
which changes proceed out of human control

5. The U.S. government, via both actions and inactions, is behaving with flagrant
disregard of rights and well-being of the public, especially young people

a. Action: authorizing, permitting, subsidizing massive fossil fuel extraction

b. Inaction: absence of any coherent, effective program to reduce them

Dr. Hansen sent me (25 Jan 2021) a chapter of a book (“Sophie’s Planet) he’s writing about the
effects that our generations’ bull headedness will have upon our descendants (read it - its free).
http://lwww.columbia.edu/~jeh1/SophiePlanet/Planet. Chapter46.pdf

During the ~150 years since we began to power ourselves with fossil fuels, two world wars and
numerous smaller ones have been fought over natural resources — primarily those fuels (usually
petroleum) and “lebensraum” (land). Some of those wars have resulted in the Christian-country
“winners” creating new countries in the especially oil-rich Islamic Persian Gulf, which, of
course, eventually engendered more conflict.
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Securing that resource has proven to be expensive to those war’s winners. A Princeton
University report concluded that simply keeping the US Navy’s fifth fleet within the Persian
Gulf from 1976 to 2006 had cost its taxpayers ~$6.8 trillion 2008 dollars and would probably
cost them another $0.5 trillion during 2007 (Stern 2010) which figures didn’t include the costs of
actual conflicts. Since that fleet remains on station, the total cost of “maintaining presence”
therein has now probably reached about $12 trillion. A 2013 Kennedy School of Government
report (Foreignpolicy 2013) concluded that the total cost of the USA’s most recent wars in the
Middle East and Northern Africa would probably be $4-6 trillion and had accounted for roughly
20 percent of its national debt increase between 2001 and 2012 (wars are fought with borrowed
money).

41 years ago, scientists from 50 different countries met at the First World Climate Conference
(Geneva 1979) and concluded that alarming trends in both environmental changes and
demographics made it urgently necessary to begin action. Since then, similar alarms have been
raised through the 1992 Rio Summit, the 1997 Kyoto Protocol, and the 2015 Paris Agreement, as
well as scores of other global assemblies at which scientists have repeatedly raised warnings that
insufficient progress was being made. However, greenhouse gas (GHG) emissions are still rising,
with increasingly damaging effects on the Earth's weather and climate. Profoundly troubling
signs since 1979 include large increases in human populations, per capita meat and livestock
production, world gross domestic product, global tree cover loss, soil pollution/desertification,
fossil fuel consumption, the number of airline passengers and automobiles, and both total and per
capita GHG emissions.

It’s time to quit “studying” those issues and get on with first devising and then implementing
practical solutions to them — not just more “all of the above” research muddling, spuddling,
whining, and foot-dragging.

Concerted international effort to address fossil fuel’s environmental impacts began with the
UN’s 1997 Kyoto Protocol to which many, mostly small and not particularly impactful, countries
signed up. While the billions of dollars spent on climate science studies since then have
generated thousands of papers/reports and paid for hundreds of other conferences both large and
small, neither that science nor the policy changes of many countries favoring/subsidizing
politically correct renewable energy have had much effect upon mankind’s total GHG emissions
Figure 5. As the first version of this book was being written (circa December 2018)
representatives from 195 countries had again gathered (in Katowice, Poland) for that year’s
United Nations Climate Change Conference, COP 24 (COP = “Conference Of the Parties”). That
meeting was focused upon producing rules to flesh out the “details” of the 2015 Paris Climate

57



Accord (COP 21), the landmark agreement
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signed by its attendees except Nicaragua and Syria, to battle climate change and, hopefully, limit
global warming to 1.5-degree Celsius, one-half degree under the 2°C limit set earlier at COP 15
(Copenhagen conference). Since 2015, the International Panel on Climate Change’s (IPCC’s)
leadership has been trying to breathe new life into that accord amid backsliding from several key
nations, most notably the United States, over commitments made when they signed it. To date,
the IPCC’s efforts have not really accomplished much because its key “parties” (biggest, richest,
& most potentially capable countries) refuse to agree upon a mechanism ensuring that they honor
their commitments with respect to either GHG emissions or contributions to an agreed-upon
$100 billion/year fixit fund.

As far as sponsoring yet another international climate conference to study this situation is
concerned, | doubt that more-of-the-same is apt to accomplish much. I grew up in Bismarck,
North Dakota. When | wrote this paragraph (February 2021) its projected low temperatures
throughout the next week were -16, -14, -21,-18, -25, -14, -3, and +2°F. It was likely colder than
that in northern Minnesota or Norway. If the USA’s energy policy setters really wanted to get
realistic assessments from their scientific experts, they would insist that the energy conferences
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that their constituents’ taxes are paying for were held in places like the University of
Minnesota’s Duluth Campus during the winter when there’s not much wind or sunlight, rather
than during the spring/fall in places like UCal‘s Stanford campus.

The British Petroleum company’s annual Statistical Review of World Energy (BP 2018) contains
not only information from the preceding year, but also historic data on consumption and
production of all forms of energy during the last few decades®. Their principal conclusions are
that humanity is not reaching the goals established by the Paris Agreement (Figure 6). In 2017,
Mankind took a step backwards with respect to timid advances made during the two preceding
years: the use of fossil fuels had grown, increasing CO2 emissions by ~1.6%. That trend
continues — anthropogenic CO2 emissions rose another 2.7% in 2018 (Jackson et al, 2018).
Worse, most climate models indicate that by 2100 AD, even if the emission “commitments”
made by COP 21-24’s attendees were to be honored, they would likely cause global warming of
between 2.7 and 3.2 degrees Celsius, well above the 1.5-2 degree threshold that most of the
world’s climate modeling experts consider a tipping point beyond which Nature’s positive (?)
feedback mechanisms will render catastrophic impacts inevitable (Hansen 2008, Hansen 2016)°L.

One such mechanism would be sudden release of the vast amounts of methane trapped along
continental shelves in the form of “methane hydrate” (aka methane clathrate). Such methane is
produced when microorganisms or chemical processes break down organic matter that has
settled to the seafloor, including dead fish, krill, miscellaneous plankton, and bacteria. A
methane hydrate “ice” accumulation can form only when temperatures are low and pressures
high. If part of such a deposit is exposed to warmer temperatures or a drop in pressure, it can turn
to gas thereby tremendously expanding its volume which stirs up everything surrounding it. That
in turn increases convective heat transfer to any nearby, similarly buried, surrounding “ice”
destabilizing it as well. This constitutes a positive feedback driven “chain reaction” which may
cause sudden release of the entire formation’s methane accumulation. That release in turn heats
the atmosphere which further warms coastal waters containing other methane ice deposits. This

0 Now almost three years later, global emissions are still rising. after the world has spent a few trillion dollars
since 2010 trying to decarbonize, $503 billion in 2020 alone, carbon emissions are still increasing
https://www.forbes.com/sites/jamesconca/2021/07/23/whats-happening-global-emissions-are-still-rising. Even
though the COVID 19 pandemic slowed it a bit during 2020-2021, total GHG emissions in 2022-2023 will break all
records exceeding 55 billion tons/year. According to the International Energy Agency, global electricity demand
will increase by 5% in 2021 and 4% in 2022, half of which will be met by burning fossil fuels, particularly coal in
the developing world. CO2 emissions from the power sector will rise to record levels in 2022, exceeding 34 billion
tons.

5L A tipping point is that magic moment when an idea, trend, or social behavior crosses a threshold, tips, and spreads
like a pandemic. Kitty world’s tipping point was when supermarkets began to stock/sell some genius’ calcined-clay
”cat sand” invention.
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positive feedback loop is probably what set off the Paleocene—Eocene Thermal Maximum
(PETM), 55 million years ago that spiked global temperatures upwards by 5-8 °C - (far more
than that required to melt both Greenland and Antarctica’s ice caps & thereby raise worldwide
sea levels by several hundred meters.>?

Researchers have identified another “positive” feedback mechanism that’s apt to contribute to
pushing the Earth’s ecosystems past such a tipping point (Zhu 2020). Freshwater ecosystems
release more methane than expected from predictions strictly based upon temperature increases
due to a shifting balance of the microbial communities within them. Methane’s production and
removal therein regulated by two types of microorganisms, methanogens -- which naturally
produce it-- and methanotrophs that convert it to the much less harmful GHG-wise, carbon
dioxide. Those microbes have different sensitivities to temperature and global warming is likely
to shift their equilibria in the wrong direction.

“We are waking up the methane dragon. And that’s a dragon that we really want to keep in the
box”. Samantha Joye, oceanographer and microbiologist.

Scientists with NASA's Arctic Boreal Vulnerability Experiment (ABoVE) are using planes
equipped with the Airborne Visible Infrared Imaging Spectrometer (AVIRIS — NG) to fly over
some 30,000 square kilometers of the Arctic landscape to detect methane hotspots. They are
finding lots of them (Elder 2020).

Furthermore, for each degree that the Earth's temperature rises, the amount of methane entering
its atmosphere from microorganisms dwelling in lake sediment and freshwater wetlands -
currently the primary sources of that gas - increases several-fold (Yvon-Durocher. 2014). As
temperatures rise, the relative increase of methane emissions will outpace that of carbon dioxide
from those sources. There are also vast amounts of methane trapped within the Arctic’s currently

5252 This mechanism also works in reverse. The Eocene’s ”Azolla Event” 47-49 million years ago is likely
responsible for most of today’s huge subsurface arctic methane hydrate accumulations. During that period, the
atmosphere’s CO; concentration dropped fivefold and the surface temperature at the Earth’s then almost land-locked
~4 million km? arctic region dropped by over 20 Centigrade degrees. Temperatures elsewhere dropped too which is
likely the reason that Antarctica‘s icecap started to develop then. When Azolla (a rapid growing surface water plant
which can double its biomass in under two days) dies, it settles to the bottom. Because that region’s sea-bottom
water was already anoxic, some of that accumulation didn’t oxidize & therefore eventually turned into a soup of
fossil fuel compounds including methane. Since that water was also cool, this event formed methane hydrate
deposits consisting of biologically “sequestered” atmospheric carbon (Stein 2006). The discovery of frozen plants
under Greenland’s ice sheet confirms that it has melted entirely during recent warm periods like the one we are now
creating with anthropogenic climate change. That study (Christ et al 2021) indicates that Greenland is more sensitive
to climate change than previously understood -- and at risk of irreversibly melting. That much fresh water would
raise sea levels by about 7 meters.
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frozen muskeg, which, along with that emitted by southern wetlands and rice fields, is apt to
cause runaway global warming.

Gt/year CO,
added to atmosphere

65 Gt Business as usual
60 e 99 Gt Cancun policy

ﬂ”r’!’i‘o
/'ﬂ 56 Gt Paris pledges

40

40 Gt 2°C warming
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205 2020 2025 2030

Source: UN IPCC 2018 Emissions Gap

Figure 6 Mankind’s CO: equivalent “Emissions Gap”

Methane’s molecular (or volume wise) global warming potential (GWP) is initially about 150
times greater than that of CO2and averages about 84 time worse during the first twenty years
thereafter>®, Both gases are currently in a positive feedback loop initiated by global warming.
Fracking leakage has recently been recognized to be an important contributor to methane’s total
radiative forcing which now amounts to about 25% that of carbon dioxide. It’s possible that we
may have already triggered a methane runaway event which our descendants won’t be able to
stop.

58 That figure (84) is consistent with atmospheric half -lives of 9.1 and 100 years for methane and carbon dioxide
respectively.
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Another positive feedback mechanism that’s pushing the world towards catastrophe, is that the
vast amounts of organic carbon stored in Arctic soils -much of which is combustible peat - is
being dumped into the atmosphere by wildfires. This of course dries more peatland increasing
the likelihood of bigger and more frequent wildfires.

What is particularly scary is that if “wet bulb” temperatures were to rise above ~95°F over most
the world during summer months, most of its mammals including those humans unable to pay for
air conditioning may become extinct as the earth turns back into same hot house planet it was
during the age of the dinosaurs.

The number of countries announcing pledges to achieve net-zero emissions over the coming
decades continues to grow®*. But the pledges by governments to date — even if fully achieved —
fall well short of what is required to bring global energy-related carbon dioxide emissions to net
zero by 2050 and give the world an even chance of limiting the global temperature rise to 1.5 °C
(Cherp et al, 2021).

According to its authors the IEA’s “ roadmap to net zero by 2050” published May 2021
represents, ““ the world’s first comprehensive study of how to transition to a net zero energy
system by 2050 while ensuring stable and affordable energy supplies, providing universal energy
access, and enabling robust economic growth. It sets out a cost-effective and economically
productive pathway, resulting in a clean, dynamic and resilient energy economy dominated by
renewables like solar and wind instead of fossil fuels. The report also examines key
uncertainties, such as the roles of bioenergy, carbon capture® and behavioural changes in
reaching net zero” https://www.iea.org/reports/world-energy-outlook-2021 .

54 Since 1995 the countries bound by the UN Framework Convention on Climate Change (UNFCCC) have missed
just one opportunity to have another conference of the parties (COP) - when the pandemic struck in 2020. These
COPs have produced action plans (Bali, 2007), mandates (Berlin, 1995), protocols (Kyoto, 1997), platforms
(Durban, 2011, acrimonious breakdowns (Copenhagen , 2009) and agreements 2015) (Paris, 2015). Greta Thunburg
has accurately characterized them as just more “blah, blah, blah”.

55 Carbon capture and storage (CSS) is a technology first commercialized in the 1970s. Back then it was called
“enhanced oil recovery” because the carbon dioxide recovered from oil and gas production was injected into
depleted oil and gas reservoirs to re-pressurize them to extract more fossil fuel. As the climate change movement
gained momentum, the oil/gas industry rebranded it as a “climate-friendly” process with a new name: “carbon
capture utilization and storage”. Today (2022) over 70 percent of carbon capture projects are still, in fact, enhanced
oil recovery projects facilitating yet more greenhouse gas emissions. The Institute for Energy Economics and
Financial Analysis estimates that 80—90 percent carbon of the captured throughout history were so-used found its
use in enhanced oil recovery— only 10 to 20 percent has been stored within dedicated geological structures.
Despite its long history, carbon capture remains problematic. Another IEEFA study found that 10 of the 13 13
flagship projects failed or underperformed against their designed capacities, mostly by large margins. To me this
problem sounds like another of Westinghouse’s “Opportunities for Excellence”. Here’s my suggestion: As far as
permanent “carbon” disposal sites go, there’s also the moon to consider. No one’s drilled any deep holes up there
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A source close to the World Bank’s (IMF’s) October 2021 discussions of that road map
indicated that some of the world’s biggest financial institutions believe that that roadmap is “a
fairytale” that “no one is willing to put their name against”.
https://www.edie.net/news/6/Finance-giants-to-G20-leaders--Close-policy-loopholes-to-end-
financing-for-activities-that-will-derail-net-zero/

One of the members of the little group of old technical nerds that I’'ve become a member of
opined that “its report predicts a seven-fold increase in wind and solar and a two- fold increase
in nuclear. | would have guessed a more practical roadmap would have been a seven-fold
increase in nuclear and two-fold increase in wind and solar. Critical mineral requirements
increase more than five-fold. The financial investment requirements are 4 to 5 trillion dollars per
year. The world GDP is 80 trillion a year by comparison. That means about 6% of its GDP will
be needed for investments in that energy transition, not including its ongoing operating and
maintenance costs.

I don’t see a lot of international cooperation to get to net zero by 2050. 1EA has included a
chart suggesting it might take as long as 2090 to get to net zero. If that actually transpires,
perhaps we may want to start to pay more attention to climate change adaptation, either at the
national level or at the personal level.”

To which another member responded with, “It’s a plan for global poverty. The world currently
has 1.3 billion “middle class: people out of a total of 7.5 billion that’s scheduled to rise to 10
billion before leveling off. Energy efficiency improvements are in the noise level in terms of
energy savings for most of that “poor”” world. 90% of the money required for a low-carbon
switch will have to be spent in the less developed world. Does anybody seriously think the U.S.
and Europe will send a couple of trillion per year to the rest of the world? What this really says
is that if we want to stop climate change, spend $10 billion per year for geoengineering and then
spend the next century working on the energy source transition . It is a powerful statement that
at the end of the day, the only “cure” will probably be geoengineering—probably Chinese
geoengineering.”

yet & the Chinese say that they will be going back there soon. Maybe we could ask ‘em to drag a Kevlar rope along
behind their rocket & tie it off to a mountain or some other substantial anchoring point. If they did that for us,
whenever we do finally screw up enough resolve to go back again, all we’d have to do in winch ourselves up along
that rope dragging a CO; pipe/hose behind us — no having to get ourselves to >17,000 mph with a super expensive,
atmosphere polluting, rocket engine. If they/we did that, we could do our GHG sequestering up there where
nobody gives a sh.. about the “environment.
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I’m hoping that we don’t have to resort to what “geoengineering” usually means (dumping
enough sulfur trioxide into the stratosphere to reflect incoming sunlight back into space) but it
may become necessary if we don’t get on with implementing the sort of nuclear renaissance that
I’m advocating soon — not after another 50 years of “studies”.

Since today’s economic development models are largely based upon the continued consumption
of fossil fuels, they pose serious threats to the environment. The term "climate change" is an
ameliorative for “global warming” which is itself a blanket term for the effects of excessive
anthropogenic GHG emissions: ocean acidification, pollution, droughts, floods, desertification,
hurricanes, tornados, and extinctions. While some regions are likely to get wetter as our world
warms, others already too dry are likely to get drier. Since the turn of this century, Central
Europe has experienced six summer heat waves and droughts, which killed thousands of people
and caused millions of Euros worth of damage. When the Aprils of those years were too warm
with little precipitation, too much of that region’s soil’s moisture evaporated thereby
engendering a subsequent summer drought. One of the reasons for Central Europe’s droughts is
that the decreasing temperature differential between Arctic and middle latitude shifts the jet
stream thusly forming a blocking high-pressure system over the North Sea and parts of Germany.

“Albedo (surface reflectivity) enhancement” is another “positive feedback mechanism likely to
cause or exacerbate thermal runaway®®. Major changes in the Earth's surface temperature are
not driven directly by greenhouse gases but by changes in albedo caused by changes in
vegetation, snow, ice, and water cover which are, in turn, a function of atmospheric GHG
concentrations and dust (soot) deposition. Surfaces covered with clean snow reflect most of the
sunlight striking them back into space. When some of that snow/ice melts, more sunlight is
absorbed and subsequently degraded to heat energy which, of course, tends to melt still more of
it>’. That’s the main reason that there’s been a lot more “global warming” going on in the Arctic
than near the equator. In Canada, that mechanism is currently tripling the Earth’s average
warming rate.

In the Earth’s equatorial and lower temperate regions, the average annual snow cover/ice is
small meaning that the so-induced changes in albedo are relatively small. At its north and south
poles there is constant ice cover, meaning that changes in mean albedo are also small there.

% Dr. Charles Rhodes helped me with this section.

57 Because solar panels absorb almost all the light striking them, covering a typical desert’s light-colored
(reflective) sand with them further heats that desert’s ground level air making everything worse for everyone except
those panel owners’ pocketbooks. It’s another reason why the world’s poor people are apt to just keep getting
poorer.
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However, in much of northern Canada and Russia, where there is snow cover for about 50% of
the year, small increases in atmospheric CO> concentration or dust/soot deposition produces
relatively large changes in temperature and their consequences both good and bad. In the
Northern hemisphere anthropogenic pollution has greatly increased summer melting of the
southern edges of the Arctic Ocean’s ice pack resulting in enormous swings of that region’s
albedo and mean temperatures (seawater is practically a “black hole" as far as sunlight is
concerned).

As was amply demonstrated in 2021, those changes affect the position of the Earth’s “jet
streams” which can trigger severe winter cold snaps as far south as Texas via a “polar

vortex”. Since the atmosphere’s coz concentrations are not apt to be going down soon, we can
reasonably expect to experience repeats of that and other extreme weather events.

It is important for the USA's leaders to grasp that these extreme weather events are a product

of their fossil fuel policies and our subsequent uses of them. The solution was obvious 50 years
ago, but short-term political and financial drivers overrode rational scientific thought/actions
and continue to do so.

In 2020, the US alone experienced 22 weather/climate disaster events with losses exceeding $1
billion each (NOAA 2021). Those events included 1 drought, 13 severe storms, 7 tropical
cyclones, and one giant wildfire plus lots of smaller ones. Overall, they resulted in the deaths of
262 people and had significant economic effects in the impacted areas. The 19802020 annual
CPI-adjusted billion-dollar disaster rate was 7.0/year; the annual average for the most recent 5
years (2016-2020) is 16.2 events year. 2021 will almost surely exceed that figure — probably
substantially.

The second week of February 2021 began with the most destructive weather-caused electrical
system blackout that the US has ever experienced. In Texas at least 140 people died and over
$50 billion dollars’ worth of damage was done. That’s not too surprising because 126 of the
USA’s 286 $billion-plus weather disasters between 1980 and 2020 have hit the same state.

Texas’s Governor responded by blaming environmentalists, renewable power, and, of course, the
Democrats.

The USA’s Western states from Wyoming to the Mexican border and from the Pacific to the
Mississippi, have been experiencing both abnormally low snowpack/rain levels and abnormally
high temperatures for over two decades. During the last ten days of June 2021, NASA tracked
the course of huge heat dome as it moved from the ocean across the USA’s Pacific Northwest
and Western Canada. Temperatures reached 109°F in downtown Seattle, WA 114°F in
Wenatchee, WA, and 116°F degrees in Portland OR. Surprisingly, it was even hotter further

north - British Columbia’s village of Lytton set a new all-time Canadian heat record of 119
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degrees Fahrenheit (48 degrees Celsius) on June 29 and broke it the next day with 121 °F (49
degrees Celsius).

Of the 800 deaths in British Columbia from June 25 to July 1, 2021, the BC Coroners Service
has determined that 691 were heat related.

Only a third of that region’s homes including many recently built condos and apartments have air
conditioning because it has traditionally been unnecessary. That belief system has just been
mugged. Without air conditioning, heat waves like 2021 summers are truly life threatening and
most of the region’s people have not prepared for it. Of course, its richest people aren’t being
seriously inconvenienced but everyone else must get highly creative (or lucky) to keep their
home cool enough and hopefully able to seek refuge elsewhere when it becomes too hot.

Lots of businesses either shut down completely or only operated for half days. Cooling centers
opened in many of Oregon, Washington, and California’s cities.

Some relief is expected for that region’s seaboard cities, but the heat wave will continue for
inland cities. Water flows are far below normal in its Columbia and Colorado river dams.
Those dams which have served as the lifelines of much of the West for many decades are soon
apt to become far less useful, i.e., “stranded assets”.

The Southwestern USA’s merciless summertime heat and ongoing “megadrought” is set to cause
massive disruptions in the rest of that country as well. Last summer’s relentless, 100-degree heat
and drought killed a record 520 people in just one state, Arizona — twice the total deaths
reported nationally from hurricanes, wildfires, tornadoes, severe storms and floods, and a
significant increase from the past decade, when heat-related deaths there had never exceeded
283.

Insufficient water means much of the Western USA’s economic activity may slow or cease. Its
inhabitants’ electricity will be constrained and likely curtailed due to reduced hydroelectric
production because many of them had recently gotten much of their electricity from hydropower
dams many of which are experiencing record-low water levels.

Farmers depend on electricity to water their crops and livestock, milk cows, dry grain, and
preserve produce. Low surface water levels and depleted underground aquifers mean the USA’s
farmers will not be able to produce crops or raise livestock. Already too-high US food prices due
to the COVID 19 pandemic’s disruptions will continue to escalate.

This most obvious manifestation of this is the ridiculously high cost of fruits and vegetables in
US supermarkets. This is largely due to breakdowns in California’s Central Valley agricultural
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system which serves as the entire nation’s truck farm — much of what’s on your table except the
meat(s) and starches (breads, pasta, cereals, etc.) was probably grown there®. That’s about to
end because there’s no longer enough fresh water to keep irrigating its crops. California’s once
huge underground aquifer has been sucked almost completely dry, there’s very little water left in
its reservoirs, and little prospect of refilling them®®.

This means that California’s leadership should assume that they will soon have to build another
15-20 gigawatts worth of reliable generating capacity to power new seawater desalination
systems. not just more huge, ugly, and unreliable windmills and solar farms.

Climate modelers expect the amount of the earth’s land affected by drought to grow and water
resources in those areas to decline as much as 30 percent by mid-century. These changes will be
partly due to an expanding atmospheric circulation pattern known as the Hadley Cell in which
warm tropical air rises, loses its moisture to thunderstorms, and descends in the subtropics as dry
air.

The USA’s recent spate of “polar vortex” cold spells are caused by the fact that warm moist air is
less dense® than cold dry air and therefore does not keep the latter at bay when polar air decides
to spread southward. Weather is and always been variable, and no single anomaly or storm can
be attributed to climate change, but disasters like those experienced by many of Texas’s
inhabitants during February 2021 and the Pacific Northwest’s a few months later will inevitably
occur more frequently. The earth’s polar regions have warmed faster reducing the lessened
global temperature gradient which keeps Arctic air from spilling southwards. Its semi-arid and
desert areas are expected to expand as jet streams and storm patterns continue to shift to higher
latitudes®?.

% The Central Valley produces 40% of the nation’s table fruits, vegetables, and nuts on 1% of U.S. farmland.
annually. That’s only possible due to intensive groundwater pumping for irrigation and river and stream flow
captured in reservoirs. For over 60 years, growers have been pumping more water from its aquifers than can be
replenished by natural sources, causing the ground level to sink and wells repeatedly redrilled deeper and deeper.

%9 The same thing is happening to the huge Ogallala aquifer underlying the USA’s Central Plains - most of
Nebraska, eastern Colorado, Kansas, western Oklahoma, & central Texas. Their crops are primarily commodities
raised for export & over fattening livestock — not as “people food”. In that region, remaining competitive with the
USA’s naturally better-watered eastern corn belt states is totally dependent upon pumped irrigation Relief is not in
sight - as of 3April2022, California’s mountain snowpack was 4% of “normal”.

80 Much of the Earth’s weather is driven by the facts that its molecular weight (18 g/mole) is well under that of air
(~29), the amount of water vapor in its atmosphere varies with temperature, and it’s both condensable and freezable.

&1 https://www.climatehotmap.org/global-warming-effects/drought.html

67



An expert meteorologist interviewed by CGTN’S reporter (30Nov2022) in the
wake of its latest hurricane: “The hurricanes of the 2020s are not those of the
1990°s - they 're now larger, slower moving, windier, wetter, and doing more
damage part of which due to the Florida coastline’s 9-inch higher sea leve”

Figure 7 Other manifestations of climate change: Norway's winter 2019-2020%° & a
typical, late-summer, California reservoir (https://www.thenation.com/article/archive/the-
california-drought-is-just-the-beginning-of-our-national-water-emergency/ )

Global warming affects evapotranspiration (the movement of water into the atmosphere from
land, water, and plant surfaces due to evaporation and transpiration) which will likely lead to
increasingly below-normal river, lake, and groundwater levels and insufficient soil moisture in
agricultural areas. Precipitation has been declining in the tropics and subtropics since 1970:
Southern Africa, its Sahel region, Brazil, southern Asia, Australia, the Mediterranean, and the
US Southwest are all getting drier (Williams 2020). Even areas that remain relatively wet can
experience long, dry conditions between extreme precipitation (flooding) events like those
currently (Jul2021) occurring in the Northeastern US and China, Germany, Belgium, and
Switzerland — over a thousand dead and many more unaccounted for®?.

62 Snow extent in the Northern Hemisphere is now (26/11/2022) among the highest levels seen in 56 years
increasing the likelihood of a cold Early Winter in both North America and Europe.

8 These floods happen when “atmospheric rivers” consisting of wind streams bearing lots of tropical water vapor
encounter cool land. Because they can transport as much water as 27 Mississippi Rivers if the conditions are “right”
(wrong?) their relentless rains often cause extensive flooding and mudslides. They’re rated by a system called
Integrated Water Vapor Transport (IVT). Meteorologists base initial AR ratings on the forecasted IVT (the “river’s”
total mass atmospheric water/m?) assuming that the storm will last 24-48 hours. 250-500 kg/m2 is a Category 1
IVT, 500-750 is a Category 2 etc. Anything over 1,250 is considered Category 5. . If a storm is expected to last
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Due both to anthropogenic pressures and global warming, a good deal of the soils in Europe's
Mediterranean region are reaching “critical limits for their ability to provide ecosystem
services," which includes farming and absorbing carbon (Ferreira et al, 2022). About 25 percent
of the land in the EU half of the Mediterranean basin are experiencing high or very high risk of
desertification, mainly due to erosion, declining organic matter and biodiversity, contamination,
salinization, sealing (e.g., due to road & building construction) and compaction from farm
machinery and domestic animals. Many of the physical, chemical, and biological degradation
processes are well-documented, while others -- such as the loss of soil biodiversity -- are not.
Organisms and species such as worms and ants which provide biodiversity and enrich the soil are
under threat from depletion of organic matter, pollution from pesticides and from
urban/industrial areas, compaction, and erosion

Climate change will change crop yields if agriculture continues with current plant varieties and
cropping systems. On average, heat stress will not pose problems for European crops when there
is sufficient rainfall. However, it will pose a problem for their/our most productive food crop,
maize (corn), in particular. Drought poses problems that higher CO. concentrations would not
help as it might when there’s enough rain. “Might” because another consequence of
anthropogenic carbon dumping is that while it may seem that there’s an upside to rising
atmosphere carbon dioxide concentrations - some plants will grow faster - that’s not necessarily
“good”. Researchers at Ohio State University (Demartini 2018) have recently shown that for
food-type crops, quantity isn’t the same as quality. Most such plants are indeed growing faster
but contain more starch and less protein and vitamins That change is happening because the
atmosphere’s carbon dioxide concentration is ~50% higher than it was at the beginning of the
industrial revolution. Though CO> is necessary for plants, too much of it can reduce the amount
of “protective” nutrients in them, including antioxidants vitamins C and E and trace minerals like
iron and zinc®. In Europe it is likely that drought will be a bigger problem than higher
temperatures, and worse for maize than wheat (Webber et al 2018).

over 48 hours, it moves up a rung on the scale, while any expected to blow through in under 24 hours is
downgraded a rung. ( Average Mississippi flow =22,000m”"3/s (about 10% of that the of the AMAZON))

84 Mechanistically what’s been happening is that higher atmospheric carbon dioxide levels reduce photorespiration
during which plants take in oxygen, release excess carbon dioxide, and produce things like glycolic acid that they
can’t immediately use. For C3-type plants (most of our food-type plants, corn is an exception ) to turn glycolic acid
into something useful to them (glucose), they must do more photosynthesis. Lowered photorespiration rates enabled
by higher atmospheric carbon dioxide concentrations lower the plants’ stress level which is unfortunate because
plants respond to stress by producing additional” protective” things like protein and antioxidants (e.g., vitamins C &
E). In short, as atmospheric carbon dioxide rises, lessened photorespiration stress translates to increased plant
growth but compromised nutritional quality. That won’t help our descendants consume a better, more balanced, diet.
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The Earth’s ocean’s major currents help control its climate by moving warm surface waters north
and south towards the poles, with colder deep water pushing back toward the equator from them.
The best known of these is the Gulf Stream running up the USA and Canada’s eastern coastlines
and conveying warm tropical water towards Europe giving the UK a much more moderate
climate than its location—Ilike that of northern Ontario—would otherwise dictate. The force
driving it is that when water cools off, its density increases causing it to the ocean floor and
begin to flow back towards the equator. Climate scientists have detected warning signs of its
collapse, “an almost complete loss of stability over the last century”, of what they call the
Atlantic Meridional Overturning circulation (AMOC). Its currents have recently been at their
slowest point for at least 1,600 years, and the latest analysis suggests that they may be nearing
shutdown.

Such an event would have catastrophic consequences elsewhere too, severely disrupting the rains
that billions of people depend on for food in India, South America, and West Africa; increasing
storms and lowering temperatures in Europe; and pushing up the sea level off eastern North
America. It would also further endanger the Amazon rainforest and Antarctic ice sheets. The
temperature differences driving that flow are expected to fade as the Earth continues to warm
especially towards its poles. That’s why anthropogenic “global warming” may very well cause
disastrous cooling as far as Northern Europe is concerned.

The West Antarctic Ice Sheet lying atop the continent to the adjacent Amundsen Sea has been
particularly interesting to climate researchers. Near the coast, its ice is still in direct contact with
the soil; farther toward the open sea, it floats. Because climate change progressively warms
seawater, it is increasingly eroding the ice shelf from below. The grounding line - the last point
at which the ice still rests on the ground -moves farther and farther inland. Due to meltwater and
calving icebergs, the Thwaites Glacier, which flows into the Amundsen Sea, now loses twice as
much ice as 30 years ago. If the West Antarctic Ice Sheet were to entirely collapse, global sea
levels would rise by more than three meters immediately flooding many of humanity’s biggest
cities and forcing billions of people to abandon their homes and livelihoods.

The most important thing we must do is to quickly replace today’s fossil fuel-based energy
system with something that is both “clean” (no GHG gas emissions) and sufficiently reliable (not
intermittent) to power a bigger, more interconnected, more prosperous, cleaner, fairer, and
happier world than is the one we’re living in today.

"To prevent the worst effects of climate change, we need to reach near-zero emissions on all the
things that drive it—agriculture, electricity, manufacturing, transportation, and buildings—by
investing in innovation across all sectors while deploying low-cost renewables,” Nuclear energy
is one of these critical technologies. It's ideal for dealing with climate change because it is the
only carbon-free, scalable energy source that's available 24 hours a day." Bill Gates

70



In an address at Columbia University 20December, 2020, U.N. Secretary General Antonio
Guterres said...

“To put it simply, the state of the planet is broken. Dear friends, Humanity is waging war on
nature. ... Nature always strikes back -- and it is already doing so with growing force and fury.”

He went on to plead that world leaders act with more urgency pointing to the collapse of
biodiversity, the bleaching of coral reefs, and “apocalyptic” fires and floods. He noted that global
emissions are 62 percent higher now than when international climate negotiations began three
decades ago.

3.2 How much sustainable energy will our descendants need?

As awful as global warming’s environmental impacts are apt to be, its effects upon civilization
will be dwarfed by those caused by our reaching peak oil, peak gas, and peak coal well before
the end of this century. International internecine quarreling over what’s left could set off a
civilization-ending WWIII — something that Mr. Putin’s latest invasion of Ukraine should
remind us of.

Roughly 40% of the USA’s raw/primary energy demand is currently satisfied with electricity —
most of the other 60% generates heat utilized for purposes for which electricity would cost too
much®. Global electricity demand doubles every other decade but remains the most difficult
form of energy to provide in a simultaneously sufficient and reliable manner®. Some three
billion people currently live where per-capita electricity consumption is under that of a small
modern refrigerator. How well the world’s leaders close the colossal gap between the world’s
electricity rich and the electricity poor will determine their success in addressing
human/women's rights, poverty, hunger, unemployment, inequality, and climate change.

The USA’s ~330 million peoples’ exceptionally “rich” lifestyle®” is nominally supported by the
~100 quads of raw/primary energy that they consume each year. That figure has remained
roughly constant for over two decades because the USA’s consumption-driven economy
consumes energy and other resources from areas outside of its own not included in that tally
(LLNL 2018). “Ecological footprint analysis” (Wackernagel 1996) provides a more realistic

8 Examples include residential space heating and making cement.

% The reason for this is that electricity generation must always match demand because its suppliers and consumers
can’t afford enough “fuel tanks” (batteries) from which it could be drawn as needed. For instance, enough Tesla
Power Walls to store the raw energy represented by one gallon of gasoline would cost about $20,000.

67 “Rich” in terms of material things because a typical USA citizen still owns more “stuff”, drives further in a bigger
car, and lives in a larger house than do most Europeans.
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measure of the USA’s resource ...consumption. Table 2 provides 2009’s figures — about 41% of
the USA’s global GHG emissions originated in/by other countries.

Table 2 US Greenhouse gas emissions including those originating from products/services made
abroad.

Percent total GHGs

Service

Infrastructure 1
Appliances & devices 7
Non-local passenger transport 9
Food provision: 12
Local passenger transport 13
Building HVAC & lighting 21
Provision of other goods 37

(source: Joshua Stolaro, Products, Packaging and U.S. Greenhouse Gas Emissions, Athens, GA,
Product Policy Institute, September 2009).

The defining inequality in today’s world is the disparity between the electricity-rich and the
electricity-poor. In fact, there are more than 3 billion people today who are using less electricity
than that consumed by an average American’s refrigerator. Currently, all of us humans annually
consume ~2,300 GW’s worth of electrical power which works out to an average of ~307
continuous watts/person. However, like most of the things that determine human lifestyles, its
distribution is uneven. People living in Scandinavian countries currently consume the most,
about 2500 watts per person, followed by the USA’s and Canada’s ~1400 W. However, most of
Latin America’s people consume under 250 W, South Asia’s below 100 W, and Africa’s, under
25 W (Figure 8). Over a billion people don’t have access to electricity at all. If mankind is to
prosper, clean, affordable and dependable (not intermittent) power must become available to
everyone and must be provided in a way that’s sustainable, doesn’t pollute the air, poison the
land, or change the climate.

Anyway, ~80 percent of the USA’s primary/raw energy is provided by fossil fuels translating to
a mean per capita raw/primary energy consumption rate (power) of 9860 watts
[99.5E+18J/3.15E+7/320E+6] or about eight [99.5/3.2E+8/570/7.5E+9] times that of the world’s
average person today. Since one joule’s worth of raw/primary (heat) energy currently provides
about 0.4 joules worth of useful “energy services” (the efficiency of most of fossil fuel’s
applications including making electricity is Carnot-limited) and Europeans can apparently live
about as well consuming one-half that much raw/primary energy per capita, let’s assume that
supporting the life styles of each of the future’s equally EU-rich people would require ~2 kW’s
[9860* 0.5*0.4 = 1972 = 2000] worth of energy services (electricity). Consequently, a world
with 11.2 billion such people must possess power plants able to supply an average of about
twenty-two TWe (terawatt electrical) [11.2E+9*2000*3.15E+7/1E+12/3.17E+7 = 22.4] which
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figure is about 6 times higher than the world’s current just-electricity energy consumption (~3.9
TWe). Finally, assuming that each individual region’s peak power demand is about 40% higher
than its average and that no magic world-wide, zero-loss, “super-grid” exists, our descendants
would need ~30,000 [22.4*1.4*1012/109] one GWe power plants to live that well.

Access to electricity in Africa

By the proportion of the population, 2019 data
>99%

>99%

7 " 76% 85%
> g

43%

Source: The International Energy Agency efisha

Figure 8 African electrification

That power could not be generated with fossil fuels because even if there were enough of them
(there isn’t®®), burning it would have catastrophic consequences. For example, the raw/primary

88 We often see headlines like, “the USA has 7 to 9 trillion barrels of o0il” apparently meant to reassure us that
there’s nothing to worry about (Nextbigfuture 2012). However, if we bother to read beyond that headline, we
discover that such oil is very “tight” and would be extremely difficult (expensive) to recover; meaning that perhaps
one trillion barrels of it would be recoverable with current fracking technologies. However, we’re next assured that
with “aggressive use of new fracking technologies combined with in situ ‘fire flooding’ and/or ‘water flooding ™
perhaps 20-30% of it might be recovered. One trillion barrels of oil represents about 610 Exa Joules worth of raw
heat energy which is equivalent to about one year’s worth of Mankind’s current, not a richer, bigger , and more
egalitarian future world’s peoples’ energy demand.

73



(heat) energy represented by the world’s remaining 1139 billion tonnes of coal reserves, 187
trillion m® of natural gas, and 1.707 trillion barrels of petroleum, (BP 2017) is about 5.0E+22 J’s
which, if consumed by 40% Carnot efficient power plants, could generate 22 TWe for 29 years -
~35% of an average first-world human’s life span. Additionally, those reserves collectively
contain about 1200 Gt of carbon which, if converted to CO, and dumped into the atmosphere
would push global warming well past any of the “tipping points” suggested by the world’s
climate modeling experts®.

To better understand what these facts and figures mean, it’s necessary to consider a longer time
scale than that which we customarily concern ourselves with. Figure 9 was excerpted from a
paper written/delivered by the one of the petroleum industry’s most influential geologists (and,
eventually, its most influential gadfly), Professor M. King Hubbert, sixty-five years ago
(Hubbert 1956). It depicts Mankind’s total energy consumption extending from the dawn of
recorded history 5000 years ago to 5000 years in the future assuming that human population
eventually stabilizes, and we’ve chosen to replace finite fossil fuels with a sustainable (breeder
reactor-based) nuclear fuel cycle before civilization collapses. To Professor Hubbert, “on such a
time scale, the discovery, exploitation, and exhaustion of the Earth’s fossil fuels will constitute
an ephemeral event.”
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Figure 9: Mankind’s long term energy consumption (Hubbert 1956)

8 Dr. Chris Turney’s book, “Ice, Mud, and Blood” (Turney 2008) is the most compelling book I’ve read yet about
how Mother Nature’s sundry “tipping point” mechanisms could convert global warming into “Global
Catastrophe”. The grim lesson of paleoclimatology is that our home planet seems to respond far more aggressively
to small provocations than projected by most of today’s climate models. His book takes its readers on a trip back to
the end of the age of dinosaurs, beginning with the familiar and relatively mild climates of recorded history and
ending in the feverish, high-CO> greenhouse planet of the early age of mammals, 50 million years ago. It’s a
sobering journey warning of catastrophic “surprises” likely in store for us.
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To put Figure 9’s timeline into proper perspective, its 10,000-years represents only about 5% of
the time that we modern humans (Homo Sapiens) have existed.

Figure 10 is a more up to date (2015) depiction of the situation that we’ve put ourselves in. It
compares the amount of energy that Mankind is currently consuming per year to the various
energy resources/reserves supplying most of it. Its uranium-based number/circle area assumes
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Figure 10. Total finite and potential energy resources (Perez & Perez 2015)

all known exploitable sources of uranium including “reasonably assured”, "inferred”,
“prognosticated”, and “speculated”, plus that extractable from phosphate ores would be utilized
by once-through-type power reactors similar to those being used today not breeders.

The points to be gathered from it include:

1. Attoday’s raw/primary energy consumption rate, business as usual will consume
virtually all of the world’s remaining natural gas, oil, coal, and uranium by ~2100 AD

2. Building more-of-the-same nuclear reactors doesn’t represent a solution to humanity’s
energy/environmental conundrum (fossil:nuclear energy resource ratio >7)

3. Realistically, only two of today’s favored renewable energy resources are potentially
large enough (Perez & Perez 2015) to satisfy some of the Green New Dealer’s “100%
renewables” energy schemes — solar (by far) and wind.

Unfortunately, the build-out of enough unreliable “renewables”, batteries, and world-wide mega-
grid required to render their brave new world’s energy sufficiently reliable would be impossibly
expensive. Even more unfortunately, because the “free world’s topmost decision makers have
been kicking the ”sustainable nuclear” can on down the road for far too long and have made it
difficult to build or even operate today’s nuclear reactors, we’ll likely continue to seek, extract,
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and burn fossil fuels throughout much of the rest of this century. Of them, natural gas is the best
because it is relatively clean burning (little smoke & no ash), generates only about one half as
much COz/Joule as coal, and is purportedly still in a relatively early phase of depletion.
According to the German Federal Institute for Geosciences and Natural Resources, world
cumulative natural gas production up to 2016 was 117 trillion cubic meters, world natural gas
reserves were 197 trillion cubic meters, and resources’® were 643 trillion cubic meters (BGR
2017, Table A-15). The 197 trillion cubic meters of gas that we know for sure (?) could be
recovered with current technologies (our “reserves”) represents 7.23E+21 Joules of heat energy
which could produce about one half that much electricity. One year’s worth of 22 TWe
electrical power equates to 6.94E+20 J meaning that the world’s total gas reserves could power
11.2 billion EU-energy-rich people for 5.2 years while burning it was kicking the atmosphere’s
CO. concentration up by another ~50 ppm.

Because the half-life of COz in the atmosphere is about a century (Moore and Braswell 1994),
achieving the goals of the Paris climate accord (limiting maximum global temperature rise to 1.5
°C) at this too(?) late point would require an almost immediate switch to clean (ho GHG
emissions - see Fig. 2) energy sources plus enough carbon dioxide removal (CDR) of that
already in the atmosphere to reduce its concentration back to a “safe” ~350 ppm (by
volume/molecule) (Hansen 2008). Consequently, some of the IPCC’s more optimistic post-COP
20 scenarios/reports assume that “bio-energy with carbon capture and storage (BECCYS)
represents the magic bullet that could simultaneously address the future’s global warming and
energy supply conundrums in a politically correct (not nuclear) fashion (Martin 2016).

(1) Portfolio — RCP2.6 (2) Incr Ambition — RCP1.9 (3) Only BECCS — RCP1.9
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"0 "Resources” is defined as the sum of “proven but which cannot currently be exploited for technical and/or
economic reasons and unproven but geologically possible resources which may be exploitable in the future" (world
natural gas 2018)
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Figure 11 ://www.ipcc.ch/srccl/chapter/chapter-2/2-6-climate-consequences-of-response-
options/2-6-2-integrated-pathways-for-climate-change-mitigation/figure-2-27/

All such scenarios are unrealistic because raising sufficient switch grass, Miscanthus, palm oil,
wood, etc. to power 11 billion first-world people would require vast amounts of land, water, and
fertilizer which most of them (especially the hungrier ones) would consider better-utilized if
applied to generating something other than fuels.

Unfortunately, Europe is now burning both its and the USA’s forests to generate electricity.

Fifty years ago, the USA’s Amory Lovins rose to prominence as an energy guru. Back then, his
green movement, prized decentralization as much as it did stopping pollution. Their fight was
against the Fordist, top-down, industrial state--including its centralized structures. Lovins would
go on to consult with various governments, including Germany’s, on energy policy. Biomass was
part of his decentralized vision.

How has that panned out for Europe?

When the EU began to subsidize wood burning over a decade ago, it was seen as a quick boost
for renewable fuel and an incentive to move homes and power plants away from coal and gas.
According to the New York Times, “Chips and pellets were marketed as a way to turn sawdust
waste into green power," and "those subsidies gave rise to a booming market, to the point that
wood is now Europe’s largest renewable energy source, far ahead of wind and solar."”

However, wood burning is carbon intensive and consumes tons of land which means that Europe
is sacrificing its remaining forests to keep the lights on. This problem also showcases the
awkward fit between the green vision promulgated in the 1970s and the climate-focused policy
goals of the 21st century.

It’s also apt to make things worse not better, climate-wise. Many climate scientists and green
energy entrepreneurs are still arguing that “biomass” is an exception to the “don’t burn stuff”
rule. Their rationale is that when you cut down a tree and burn it, another eventually grows in its
place, theoretically sucking up all the carbon dioxide that burning its predecessor emitted.
However, that’s neither true nor relevant. For one thing, wood burns rather inefficiently,
producing a relatively large amount of GHG per unit useful energy/power produced. Moreover,
it takes decades for forests to regrow and thereby suck that carbon back up which is time that we
don’t have because we’re destroying the Earth’s climate system in real, not the future’s, time.
So far, large-scale biomass-burning to produce electricity has not become a major business in the
United States, but the fight is on to do so because current policies render doing it potentially
profitable. Opponents of a proposal to build an enormous wood-burning plant in Springfield,
Massachusetts, are currently trying to convince its decision makers that biomass should not be
counted as renewable energy under state guidelines.

Unfortunately, because official E.U. policy still treats biomass fuels as “carbon-neutral”, many
big European coal-powered stations have been reconfigured to burn wood. The demand for wood
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pellets to keep their boilers fired—particularly in the Netherlands, Denmark, and the U.K.—is
stripping forests in places such as Estonia, Latvia, and Southeastern USA. While the Dutch and
the Danes may start phasing out subsidies, the British plan to give another ten billion euros to the
owners of its giant Drax power plant. Much of the wood stoking its fires is being shipped from
the United States where, it’s “bringing air pollution, noise and reduced biodiversity in majority
Black communities.” (McKibben 2021) The carbon “payback time” for wood-burning ranges
from 44 to 104 years, depending on the type of forest and while it’s happening, burning wood
adds more CO- to the atmosphere than would burning coal or natural gas, ice continues to melt,
seas continue to rise, people continue to be displaced by extreme weather and science tells us
that we can’t wait to dramatically reduce its emissions.

BECCS is also unrealistic because carbon capture and sequestration (CCS) is intrinsically
difficult, requires substantial energy input, and therefore increases a thermal power plant’s fuel
consumption. That’s the reason that after several decades and many billions of dollars-worth of
“study” and “demonstrations”, only about 0.08% of anthropogenic CO3 is currently so-
“managed” (CCS 2018). Another issue is that it seems that much of the CO; being injected
into “spent” oil fields to enhance recovery of residual gas/oil becomes reduced to the much more
labile (more likely to leak) & much stronger GHG, methane. If that's true, then it’s also likely
to happen if the stuff is injected into black shale or lignite “sequestering” sites (see Safer
carbon capture and storage -- ScienceDaily) total emissions will rise, not fall.

Finally, BECCS-based ““save the world” scenarios are literally impossible because they don’t
scale. For example, burning 100% of the world’s current annual grain (about 2.5 Gt, see Statista
2017) plus “bone dry wood” (about 1.9 Gt, see Wood 2018) harvests in “clean” (CCS equipped)
40% efficient (optimistic) heat-to-electricity power plants would generate useful energy services
(electricity) equivalent to the output of ~935 one GWe (“full sized”) nuclear reactors. That’s only
~3% of the number required to render 11.2 billion people one-half as energy rich as the USA’s
citizens are now. Any backup system for low-capacity factor’* energy sources (biofuels, solar,
and wind) must be able to satisfy most, not just 3%, of Mankind’s total demand. Furthermore,
the carbon (about 1.8 Gt) in that much biofuel (primarily carbohydrate ~ (CH20)n, heat of
combustion’? ~17.4E+3 J/g) represents only about 0.3% of mankind’s total anthropogenic

71 “Capacity factor” (CF) is the average amount of energy generated by an energy source divided by that source’s

name plate capacity — the amount of energy it would provide if always running full-out (e.g., for solar panels, if the
sun were directly overhead in a cloud-free sky 24 hours per day- for biofuels, if such crops grew throughout the
entire year). Time-averaged CF’s for renewable power sources are always well under 1.0 & vary substantially from
season-to-season; i.e., ineluctably unreliable. Published CF figures for renewable energy sources invariably
represent yearly averages meaning that they mislead anyone trying to either determine what’s apt to be produced at
specific times or could “safely” replace fossil fuels.
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carbon emissions to date, which means that even if 100% of the CO; it represents were to be
captured and sequestered, it wouldn’t make much difference.

Of the world’s “new” biofuels, palm oil has engendered the greatest degree of deforestation, with
45% expansion between 2008 and 2015 in high natural carbon stock areas (wild forests). Palm
plantations have caused huge deforestation in South-East Asia, and that problem is being
compounded by the draining of peat bogs after which their extremely high “soil organic carbon”
levels are quickly oxidized to CO>. Even if biofuels would be targeted, the world would remain
addicted to palm oil for food, cosmetics, and household products such as detergents, etc.

This book’s homework exercises #s 84 & 85 demonstrate just how terribly inefficient the USA’s
primary biofuel production system (its Corn Belt’s corn ethanol facilities) is at converting the
sun’s energy to electrical power.

Consequently, because it could not achieve either of the IPCC’s goals and would surely compete
with food, fiber, and construction-type wood production, all rosy primarily BECCS-based
scenarios are hopelessly unrealistic and therefore do not “deserve further study”’®. Additionally,
because growing biofuels removes inorganic nutrients and soil organic carbon (humus), it’s just
another of our “extractive technologies” that would further degrade our environment while
compromising food production (Lal 2008).

2 There are two ways to report combustion heats. One is the higher heat value HHV of the fuel and the other is the
lower heat value LHV. The latter excludes the heat of vaporization of the formed water vapor lost out the stack.
Here is a helpful Wiki. https://en.wikipedia.org/wiki/Heat_of combustion Scroll down a ways to the table of values
that shows that for methane the LHV is 91% of the HHV. The HHV is what you pay for and the LHV is what you
get unless you condense the water vapor and capture that heat. The real thermodynamic efficiency is related to the
HHYV - the input to the system. Some gas turbine suppliers were using the LHV to calculate their CC units
efficiency giving a ~60% rating which when if correctly calculated using the LHV would be more like 52%. Often
the value being used marketing spiels is not clearly stated and it is hard to figure out what they are using if they
don't. In generally manufacturers will use whatever values that makes their product look better.

3 Most of every scientific field’s reports conclude that its subject “deserves further study”. The reason for this is
that for the most part, the people writing them (scientists) are paid to “study”, not solve, problems. What’s more
important, they’re often paid to study political, not technical, issues (e.g., the disposition of “spent” nuclear fuel or
reprocessing wastes) or, in other words, help their customer to rationalize more foot dragging. If the world’s
topmost decision makers were to commit to implementing this book’s agricultural suggestions (e.g., substitute
powdered basalt for artificial fertilizers and massively scale-up ocean water desalination), there would be lots of
opportunities for their scientist-employees to study/determine how their program might best be implemented. For
instance, would heat treatment (a properly implemented nuclear renaissance would render heat-type energy dirt
cheap) somewhere during the rock powdering process make it weather more quickly? That works with clays
because most of them are hydroxylated — driving out such water “activates” them which turns them into excellent
pozzolans for geopolymeric concrete-making . It might help with basalt too — who knows? Another thing worth
looking into is whether adding nitrogen to such powder (either as “nuclear ammonia” or nitric acid made from it)
would be worthwhile. Doing so would render it a more “complete” fertilizer & might also make the rock weather
more quickly — who knows? Wouldn’t it be nice to be paid to study something like that?
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The downsides of biofuels were best summed up a decade ago by Mario Giampietro and Kozo
Mayumi’s book, “The Biofuel Delusion: The Fallacy of Large-scale Agro-biofuel Production.”

In my opinion, the most useful outcome of the climate science research performed to date is that
global warming and oceanic acidification/warming/pollution have been absolutely proven to be
man-caused (Hansen 2008) and that reasonably consistent/accurate estimates of global carbon
fluxes, sources, sinks, etc., have joined the tremendous amount of other technical information
freely available on the internet. Such information along with readily available computerized
spreadsheets renders it easy for anyone to evaluate any proposal described in a properly
written/edited technical paper and thereby decide for themselves whether its conclusions are
reasonable.

| have yet to see a politically correct, peer-reviewed, geoengineering proposal capable of passing
such muster.

For example, GOOGLEing “oceanic acidification mitigation” brings up several superficially
fine-sounding electrochemical-based remediation schemes published in peer reviewed journals
and subsequently heralded by press releases.(APPENDIX XX presents a worked-out example of
how atmospheric CO- influences oceanic acidification) A typical proposal invokes giant chlor-
alkali cells which would electrolyze aqueous solutions of pure NaCl (natural seawater’s other
components would plug up such cells) to generate sodium hydroxide that would then either be
dumped directly into the ocean to counteract CO2 engendered acidification or utilized in
gas/liquid contactors to scrub it from the atmosphere (House 2007 - see reactions below). The
simultaneously produced hydrogen and chlorine gases would be recombined by fuel cells to
recover some of the electrical energy required by the chlor-alkali cells

Electrolysis’: 2NaCl + 2H,0 — 2NaOH + Clz + H;

Air scrubbing: NaOH +water+ co2 in air —» NaHCOs aq

Energy recovery: Ho+Cl, (fuel cell) — 2HCI (in a water-based electrolyte)
HClagt+ Mg/Ca-containing rock powder — CaCl, + MgClz+ rock sludge.

The fuel cells’ product, HCI (a strong acid), would then be neutralized via reaction with
powdered mafic (basic) rock (e.g., basalt) in giant “pressure cookers” thereby generating a waste
stream comprised of decomposed rock (mostly silica) slurried with a
magnesium/calcium/iron/etc., chloride-salt brine. Of the numerous “technical issues” raised by

" Inan aqueous (water) solution of NaCl, electrolyzers generate hydrogen by splitting it off the water molecule
H>0 and chlorine from the chloride ion dissolved in it (in the absence of chloride, elemental oxygen is generated
instead) via a process which reverses the electrochemical recombination taking place in a fuel cell. An electric
current passed between two electrodes generates hydrogen at the cathode connected to the negative voltage terminal
and chlorine (or oxygen) at the anode connected to the positive supply voltage terminal. The rate at which those
gases are produced is directly proportional to the current passing between the electrodes via Faraday’s law: one
gram mole of electrons — one Avogadro’s number or 96500 coulombs (1 Faraday) of them - generates one gram
mole - one gram of elemental hydrogen or one-half gram mole of H,.
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such proposals, I will just discuss their electrical energy demand. While this example was
characterized as “energetically feasible”, real chlor-alkali cells require about 3.9 volts to operate
at a reasonably productive rate (~ 0.5 A/cm?) and real H2/Cl, fuel cells generate only about one
volt at similarly realistic current densities. This means that the net energy required to produce
one mole (or equivalent) of hydroxide would be 2.8E+5 J [1 equivalent*(3.9-1) volts * 96,500
coulombs/equivalent)*1J/(or volt*coulomb)]. Producing sufficient sodium hydroxide to deal
with the amount of anthropogenic co> that some of the IPCC’s analysts apparently assumed
could/would be sequestered via BECSS circa 2050 (~10 Gt/year) would require 6.36E+19J
[2.8E+5 J/mole*(10E+9 t*1E+6 g/t)/44 g/mole]. If it is to be done within one year, the entire
output of either ~2122 [6.36E+20 J/1 E +9 J/s (Watt)/3600 s/hr/24 hr/day/365 day/year/0.95]
full-sized (~1 GWe, 0.95 capacity factor (CF)  nuclear reactors, ~4.5 million 1.5 MW-rated 30%
CF, wind turbines, or ~21 billion, 1 kW-rated, 10 % CF solar panels would be required.

Such schemes could not be powered with fossil fuels either. For example, since the heat of
combustion of average US coal is about 24,000 J/g and burning one gram of it generates about
2.7 grams of COg, generating sufficient electricity to implement the above-described scenario
with 50% thermal-to-electricity efficient state of the art coal fired power plants would generate
about 14 Gt of “new” CO2 — 42% more than their power could sequester in that fashion.

Another well-publicized electrochemical save-the-world scheme invoked scrubbing intrinsically
acidic CO- from the atmosphere with a strongly basic ~750°C Li>COs/Li>O molten salt
electrolyte/adsorbent from which that carbon would be then electroplated-out/sequestered in the
form of graphite (Licht 2009). Since both the electricity required to reduce carbonate’s carbon to
graphite and the heat needed to keep the electrolyte molten is to be provided with “solar towers”,
it is’'was eminently politically correct and therefore received a great deal of favorable mention.
Unfortunately, because: 1) STEP’s (“a solar chemical process to end anthropogenic global
warming “) sequestration mechanism requires four times as many electrons per carbon atom as
does that of the above-described electrochemical proposal; and 2) scrubbing air with a molten
salt would heat it to the latter’s temperature’®, its total energy requirement would be ~four times
higher if 90% of its process heat requirement could be recycled via heat exchangers and 19

The heat capacity of air is ~1.05 J/g/degree. Consequently, the scrubbing of 10 Gt of CO2 from 400 ppmv air
within one year would require heating ~1.37E+12 tonnes of CO, from ambient to ~750°C requiring ~1.05E+21 J
of energy which figure corresponds to the full-time output of 33,300 one GWe. nuclear (or methane or coal or wood
chip or switch grass-fired thermal) power plants. If we’re serious about removing CO; from the atmosphere, we
can’t invoke schemes that call for significantly heating, cooling, compressing , or expanding it — they are all too
expensive. Simplistic cost estimates just based upon mixing/unmixing entropy change differences are hopelessly
unrealistic.

81



times greater if it could not. If powered by the wind rather than solar towers, the latter figure
corresponds to ~89 million 1.5 MW, 30% CF wind turbines’®.

Schemes like those’” do not deserve “further study” regardless of who proposes them or how
many warm and fuzzy “renewable” buttons are pushed by their champions’ press releases’®.

The most alarming thing about how things have been going recently (see the Fourth National
Climate Assessment - NCA4 2018) is that our civilization remains absolutely dependent upon
resources that will inevitably become prohibitively expensive when most of the cheap/easy-to-
access coal, oil, and natural gas have been consumed, which situation is likely to occur well
before 2100 AD. Unless the world’s decision makers have already developed/implemented a
simultaneously “clean”, reliable (not intermittent), and affordable alternative to fossil fuels by
then, civilization is apt to collapse, heralding the onset of a dark ages akin to that depicted in the
Mad Max movies.

3.3.1 Fertilizers

One reason that the productivity of Africa’s farmlands is considerably lower (typically ~one
third) than that of more developed regions is that relatively little fertilizer is used. The three most
important components of fertilizers (macronutrients) include nitrogen in either its negative three
(ammonia-type) or positive five (nitrate-type) oxidation states, potassium (invariably in its plus
one oxidation state), and phosphorous (invariably in its plus five oxidation state). Nitrogen
fertilizer production currently accounts for about one half of the fossil fuel (mostly natural gas)
used in primary food production.

6 Comparisons based upon yearly averaged energy source CFs (productivities) favor wind and solar power (aren’t
“conservative”) because CFs vary substantially throughout the year. For instance, in Eastern Idaho, weekly-averaged
PV (photovoltaic) CFs are about five times higher in July than January. Similarly, Idaho’s state-wide, wind turbine
CFs vary by a factor of ~two from season-to-season. (https://en.wikipedia.org/wiki/Wind_power_in_Idaho). The
majority of today’s people and industries require reliable power which means that power source & storage decision
making should be based upon “worst-case” short term CFs, not average figures (see homework problems 40-42).

" Although I’ve built, performed, & taught lots of analytical-type electrochemical equipment/techniques & found
some of them to be useful, I don’t feel that that it’s the best way of doing most things (aluminum, hypochlorite
(chlorine), and copper production are major exceptions). Electrochemical reaction rates are almost always severely
surface area constrained and there is usually a more power/energy/time efficient way to do whatever must be done.

78 Press release-type technical publishing really annoys me. | know that it's often the only info that companies and
some academics are willing to "release”, but genuine journalists and scientist-engineers shouldn't pay much
attention to it. Here's an article appearing in my local newspaper yesterday relating the hows, whys, and
consequences of that sort of "information".
https://www.desmoinesregister.com/story/money/agriculture/2022/03/31/whos-bruce-rastetter-iowan-behind-
summits-4-5-billion-carbon-capture-emissions-pipeline-ethanol/9418546002/ | submitted a comment lauding the
reporter's courage in bringing up such controversial stuff here in the corn belt.
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3.3.3.1 Nitrogen and the cost of fixing enough of it

We’ll start with nitrogen. US corn farmers hoping to produce 13.1 t/ha (200 bu/acre) of maize
(corn grain) are typically advised to add ~ 258 kg of N/ha (PSU 2005). Since peanuts (a legume),
can recover/fix its own nitrogen from air, much less nitrogenous fertilizer would be needed for
its cultivation — let’s say 50 kg N/ha. Assuming those application rates, fertilizing Africa’s future
crop land would require ~ 29 million tonnes of ammonia each year (one kg N =~ 1.21 kg of
ammonia)’®. An up-to-date estimate (Thyssenkrupps 2019) of energy costs concludes that each
tonne of ammonia made with electrochemically-generated hydrogen, pressure swing-generated
atmospheric nitrogen, and conventional Haber Bosch® processing equipment would require
about 10 MWh’s [10*3.6E+9 J] worth of electricity®®. That, in turn, suggests that satisfying this
scenario’s nitrogenous fertilizer requirement would require the full-time output of ~29 one-GW.
power plants.

Universal adoption of the Rodale’s Institute’s “regenerative organic agriculture”
recommendations (see section 3.1) would greatly lessen the world’s artificial nitrogenous
fertilizer requirements & more important, render agriculture genuinely sustainable.

3.3.3.2 The reasons that powdered basalt should supply the necessary phosphorous
and potassium
Since...

e Much of Africa’s farmland has already lost a great deal of its topsoil via erosion,-

e Much of its remaining topsoil is trace mineral-depleted,-

e Basic (mafic) rock-weathering is how Mother Nature limits the Earth’s atmospheric
CO2 concentration (Figure 12 The Earth’s carbon cycle (commons Wikipedia.com)6)
via “mineralization”,

7 Ammonia is the second most highly produced inorganic chemical after sulfuric acid. Global production in 2018
was 175 million tons: China produced 31.9% of it, followed by Russia with 8.7%, India with 7.5%, and the United
States with 7.1%. Over 80% of it used for fertilizing crops over . 50% of which is combined with CO- to make urea
“prills”. That CO- is re-emitted to the atmosphere when that urea is applied to soils.

80 Other ways of making ammonia are being studied (Foster et al 2018). One of which (Kani et al 2020) forces pure
nitrogen gas through a copper screen and then interacts with water which provides the hydrogen. Even though it
requires similar amounts of energy compared to the traditional Haber Bosch process, it requires far less fossil fuel
than does the way it’s usually done today.

81 Another report having to do with making ammonia with Australian wind power assumed 13.1 MWh of
electricity to make one tonne of ammonia (https://www.ammoniaenergy.org/articles/project-geri-bp-green-
ammonia-feasibility-study/?mc_cid=296653dfd2&mc_eid=b9bd2abe82
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e Basaltic rocks are both intrinsically basic (contain a good deal of magnesium and
calcium) and relatively rapidly weathered by the natural phenomena extant in
cultivated soils (Moulton 2000),

e Most of the Earth’s crust consists of basaltic rock, a good deal of which is either on or
close to the surface of its continents (Figure 13 - carbonated Icelandic basalt ),

e Basaltic rocks also contain relatively high concentrations of potassium and phosphorus
along with all of the other biologically important elements. Therefore, soils comprised
primarily of weathered volcanic ash most of which originally consisted of molten
basalt are exceptionally productive (Beerling 2018)%?,

Storage in GtC
Fluxes in GtC/yr

Figure 12 The Earth’s carbon cycle (commons Wikipedia.com)

...we’ll next assume that the phosphorous and potassium required to produce Africa’s circa 2100
AD food crops will be provided by amending its farmland with powdered basalt. In order to be
effective, any such amendment must weather rapidly enough to release sufficient potassium and
phosphorous to support high-yield agriculture which, in

82 Using rock powders to fertilize soil was initially proposed by Julius Hensel in 1894 His book “Bread from
Stones”, summarized the benefits of ground-rock soil amendment which is often characterized as “stone meal soil
remineralization”. Although forgotten for several decades, its use has gradually been increasing and several studies
evaluating ways of accomplishing it have been published.
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CO, Sequestered to Basalt

Carbfix Basalt Core
Sample After CO2 +
H20 Injection

Figure 13 Product of Iceland’s CARBFIX pilot plant

turn, means that the surfaces of the crushed silicate rock particles must be “fresh” - not already
equilibrated with the atmosphere and thereby surface-covered/blocked with secondary phases —
deliberately ground to a smaller size than are the quarry waste-type soil amendments currently
being marketed to hobby farmers, and also mixed with root-zone topsoil, not just dumped upon
the surface of the ground (Campbell 2009 and Priyono/Gilkes 2004). Based upon the rather
limited amount of scientifically planned/supervised experimentation described in open-access
(not pay walled) technical literature, I’'m next going to assume that this would require grinding it
so that the particles comprising >80% of it possess diameters under 10 microns. Since rock
grinding is highly energy intensive — much more so than is simply recovering it from a quarry
rock outcrop or waste dump — the cost estimate for this part of my scenario will be based upon
that step’s energy demand plus the resulting powder’s transport and distribution costs.

First, how much powdered rock must be made? The food stuff P and K concentrations, land
areas, and crop yield figures in the papers referenced earlier suggest that the food consumed each
year by Africa’s 4.5 billion future inhabitants would contain 2.64E+9 kg of potassium and
2.05E+9 kg of phosphorous. Assuming (wrongly | hope, but consistent with the way that things
are usually done) that neither nutrient is subsequently recycled back to the soil (via composted
night soils?), both must be replaced each year via basalt weathering. The compositions of flood
basalts vary considerably but since all originate from the Earth’s fairly well mixed underlying
magma, for the following estimates I’'m going to assume a composition with which I’'m familiar
(Leeman 1982 and Siemer 2019) — that of the basalt comprising Idaho’s “Craters of the Moon”
National Monument and covering much of the rest of Idaho’s Snake River Plain. It contains an
average of 0.61 wt% K>O and 0.55 wt% P,Os which translates to requiring 5.21E+8 Mg (tonnes)
of it per year to provide my African scenario’s potassium and 8.69E+8 Mg to supply its
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phosphorous. Since phosphorous happens to be the limiting nutrient, at steady state, we’d be
adding 8.95 tonnes [8.69E+8/9.71E+7] of powdered basalt/ha/a.

A review of rock grinding technologies (Jankovic 2003) suggests that producing one Mg of <10-
micron basalt powder would require about 100 kWh’s worth of electricity. If so, making
8.69E+8 tonnes of it would require 3.13E+17 J, which if done throughout one year would require
the full-time output of 13.9 one-GWe nuclear reactors.

If that powder were to be transported an average of 1930 km (1200 miles) from mine-to-farm via
an electrified rail system as energy-efficient as that currently used to move US coal (185 km/L
diesel fuel/short ton), its energy cost would be about 6.80+16 J (assumes 1.1 Mg/short ton, 33%
heat-to-mechanical engine efficiency and 44.5 MJ/kg diesel fuel with a SpG of 0.85). Doubling
that figure to account for fuel consumed by trucks and tractors at rail heads, brings the total to
2.92E+17 joules/a, which corresponds to an annual transportation/distribution energy demand
requiring another 9.4 one-GWe nuclear reactors to satisfy.

An 8.95 tonne/ha/a application rate is not “large” because it only represents only about 0.5% of
the mineral matter already within a six-inch deep (typical annual crop root zone) layer of normal
density/composition topsoil and is also considerably under that which conventional tillage-based
farming practices often lose via wind/water erosion (typically ~30 t/ha/a - Pimental 2009).
Consequently, since this scenario’s rock grinding/distribution costs are much lower than its
irrigation water and nitrogenous fertilizer costs, it would be a great idea to at least start out with
considerably larger application rates, perhaps 40-50 tonnes/ha. Doing so would also reduce the
chances of crop “starving” due to slower-than-1’ve assumed rock weathering rates.

The 419 [240+131+29+9.9+9.4] GWe’s worth of “clean” power plants required to implement the
agricultural aspects of the above-described African scenario’s clean/green utopian future is about
the same amount of power currently generated by all of the world’s civilian nuclear reactors and
~three times greater than all of Africa currently produces in any fashion (about 650 TWh, see
Energy in Africa 2018). However, it represents only ~4% of the total energy services required by
this scenario’s 4.5 billion EU-rich future inhabitants.

8 While it is reasonable to assert that this book’s nuclear renaissance could readily provide circa 2100 AD’s
agricultural fertilizer, water, and energy requirements, it could not provide the light required to grow its food crops.
The reasons for this include: 1) food demand would too high (~2500 kcal/day for 11 billion people 2)
photosynthesis is very inefficient (about 0.25% for maize (corn)), 3) only about 25% of the energy dumped into
today’s most efficient light sources (LEDs) manifests itself as useful light, and 4) no thermal power plant is likely to
be over 50% efficient at converting heat energy to electricity. Overall, these figures suggest that over two million 1
GW-. power plants would be required by that scenario’s grow lights. Regardless of what else might happen,
mankind will continue to depend upon sunlight for most of its food production.
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All of the necessarily huge machinery and manufacturing facilities required to implement this
book’s or any other technological fix capable of “saving the world” would be much cheaper to
build and operate far efficiently with reliable power than with that provided by intermittent
sources®. While it would indeed be “possible” to run desalination/ammonia plants, aluminum
smelters (see APPENDIX XXVIII), rock crushers, tractors ( ,
locomotives, etc., with windmills and/or solar panels, doing so would be extremely expensive,
relatively dangerous, and frustratingly unproductive to both such machinery’s owner-operators
and their customers. It would also require 1/CF times as much machinery to do the job at the
same rate that a CF = 1.0, molten salt reactor (MSR)-powered system could: typically, ~3 times
as much machinery for wind and 4-10x as much for solar-sourced power.

Again, intermittent power supplies are suitable for some niche applications (e.g., charging a
terrorist’s cell phone), not for powering a technological civilization (Brook 2018). That’s why
today’s farm tractors, locomotives, container ships, cruise liners, air liners, etc. are fossil-fueled,
not wind or solar powered.

Also again, the above-derived ballpark numbers are approximations because the rate and degree
to which powdered basalt would release its constituents (weather) under field conditions is
affected by a host of factors/variables. A nutrient-specific discussion of some of them may be
found in a FAO report describing the use of raw phosphate rock as fertilizer (Zapata and Roy
2004). Thankfully, this subject is beginning to receive a good deal of attention (Taylor 2017) and
some more-or-less realistic experimental studies have begun (Beerling 2018, Kelland et al 2020).

Of course, there’s more to implementing genuinely sustainable agriculture than just doing what
I’ve already described.

Soil conservation invokes four guiding principles: don't till the soil more than necessary, keep it
covered, keep its crops diverse, and replace any mineral matter that crop harvesting removes.
Reduced tillage preserves the pathways forged by the roots of preexisting plants, insects, and
earthworms. Those pathways comprise porosity which allows the ground to store water for use in
dry times and soak it up more effectively during floods. Deep tilling disrupts/kills the soil biomes
that convert its inorganic matter to healthy/fertile soils. For example, when a famished fungus
anchors itself to an unsuspecting rock, it first unleashes acid-dissolving surface minerals to get to
whatever it happens to need (e.g., iron). It then releases chemicals that extract its inorganic
“food”. Finally, its fast-growing fungal filaments cut into the remaining rock carving channels
that break up its food-depleted surfaces exposing fresh layers for consumption - voila “more
dirt”. .

8 see APPENDIX XXII
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Cover crops like alfalfa, rye, clover, and sorghum are raised first and then killed via “crimping”
or herbicide addition and left in place when the cash/food crop (e.g., corn, wheat, rice, peanuts,
etc.) is planted. When with the help of earthworms etc. both crops’ above ground plant matter
eventually become part of the soil, they keep the soil loose, increase soil moisture and enhance
yields. Since cover crops keep the soil covered and preserve its water holding capacity, they also
reduce its chances of being blown away by wind or carried off by sudden flooding due to heavy
rainfall. Planting diversely prevents the nutrient drain occurring when the same crops are grown
season after season. Over time, rotating through different plant varieties adds a variety of soil
nutrients. When necessary, planting drought-resistant crops (e.g., cowpeas instead of peanuts)
could save water and use that which is available more efficiently. Soils would also be conserved
by diversifying portfolios. Individual farmers might plant several kinds of crops in one area and
keep their livestock on another so that extreme weather shifts would not put their entire
enterprise at risk.

Another significant plus is that practicing ROG will eventually restore the earth’s soil organic
carbon (SOC) levels back up to what they were before our farmers began to “mine” them by
pulling excess carbon (dioxide) back out of the atmosphere. It’s the most sensible way for us to
implement the “negative emissions” required to meet today’s ambitious international climate
mitigation goals (Lal et al 2018). Reducing atmospheric carbon doesn’t yet provide an income
stream to farmers, although incentivizing “carbon farming” has been floated by the Biden
administration.

Recycling consumed K & P back to such soils in the form of composted human & domesticated
animal waste would also greatly reduce their powdered rock requirements. If all of these “good
practices” were to be implemented, sustainable high tech/high yield farming would require
considerably less energy than my numeric examples suggest.

3.3 This book’s technological fix’s specifics

Successful implementation of any of the sustainable nuclear fuel cycles that I will be describing
would satisty 100% of Mankind’s power needs “forever” fueled with all of the Earth’s natural
actinide fuel resources — not just the 0.71% of natural uranium (?*°U) fissionable in today’s
power reactors. Doing so would render clean/green/reliable nuclear power as “renewable” as is
solar/wind power as well as cheaper and much less environmentally impactful (Cohen 1983,
Touran 2020). For example, assuming 40% heat to electricity conversion, the U within the
topmost kilometer of the Earth’s continents (i.e., 2.8 ppm of 4.2E+17 tonnes = 1.2E+12 t U),
could continuously generate 22 TW, — enough clean energy to “save the world” (completely
power everyone) - for 59 million years. Since the earth’s crust contains 3 to 4 times as much
thorium as it does uranium - let’s say a total of ~12 ppm actinides - a “perfect” breeder reactor
could generate ~2.7E+12 J’s worth of heat energy from one cubic meter of average crustal rock —
~56 times more than that generated by burning one cubic meter volume of pure “banked” (dense,
not a pile of chunks) bituminous coal.
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That translates to a “renewable” (effectively inexhaustible) and clean (no GHG emissions)
energy source with far less environmental and esthetic/visual impact than a sufficiently overbuilt
wind/solar/battery-based energy system would have.

Let’s do some more ballpark calculations to demonstrate how the realization of Weinberg and
Goeller’s vision could address many of Africa’s (and the world’s) energy-related issues.

First, let’s begin with some more “reasonable” assumptions. I’m (reluctantly) going to assume
that the UN’s population projection for what’s apt to continue to be the world’s most needful
continent (Africa) —about 4.5 billion by 2100AD (three time’s today’s) — turns out to be right.

Next, since one of my goals is to demonstrate what a nuclear renaissance should be able to
accomplish with respect to assuring Africa’s (and also the rest of the future world’s) food
security, I’'m going to assume that part of the useful energy (electricity) it would provide is
devoted to doing that — in other words, nuclear powered machinery would provide the water,
fertilizer, and soil-building minerals required to render African agriculture sustainable.

Finally, I’'m going to assume that Africa’s future decision makers along with who/whatever else
chooses to help/enable them feel that its citizens should enjoy the same living standards as do
average EU citizens today®.

3.3.1 Which food crops should our more environmentally aware descendants raise
and how much land would it take?

A leaked draft of a then upcoming Intergovernmental Panel on Climate Change (IPCC) report
about land use issues scheduled for release in September 2019, indicated that there’s now a near
consensus by its climate modeling experts that it will be impossible to keep global temperatures
at safe levels unless there is a transformation in the way that humanity produces food and
manages land (Guardian 2019). “We now exploit 72% of the planet’s ice-free surface to feed,
clothe and support our population”, that report warns. Currently agriculture, forestry and other
land uses generate almost a quarter of our greenhouse gas emissions.

Additionally, about half of all methane emissions (our atmosphere’s second most impactful
greenhouse gas) are emitted by cattle and rice fields, deforestation, and peat land removal. The
impact of the same Green Revolution energy intensive agricultural practices that enabled the
world’s human population to soar has greatly accelerated increased soil erosion and seriously
reduced the amount of valuable organic material (humus) in the world’s soils.

8 “The test of our progress is not whether we add more to the abundance of those who have much; it is whether we
provide enough for those who have too little.” Franklin D. Roosevelt
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According to the IPCC’s experts (2019) this situation is apt to be getting worse: “Climate change
exacerbates land degradation through increased rainfall intensity, flooding, drought frequency
and severity, heat stress, wind, sea-level rise and wave action”. That report is a pretty bleak
analysis of the dangers ahead and comes at a time when rising greenhouse gas emissions is
making lots of news by triggering severe meteorological events including:

*Arctic sea-ice coverage reached near record lows during July 2019

* The heat waves that hit Europe during that month were between 1.5C and 3C higher than they
would have been if we had not used the atmosphere as a “repository” for our gaseous carbon
emissions

 Widespread burn offs of what recently used to be the “Amazon rain forest
* Mean global temperatures ~1.2°C above pre-industrial levels

”86, and ...

The last point is particularly alarming because a decade earlier, the same experts had concluded
that a temperature rise exceeding 1.5°C risks triggering climatic destabilization while anything
higher than 2.0°C renders it almost certain. Bob Ward, policy director at the Grantham Research
Institute on Climate Change and the Environment concludes that “We are now getting very close
to some dangerous tipping points in the behaviour of the climate” and also that ““ it is going to
be very difficult to achieve the cuts needed to prevent it from happening.”

That IPCC report emphasizes that agricultural land must be managed more sustainably and
release much less GHG than it presently does. Peat lands will have to be preserved by halting
drainage schemes; meat consumption will have to be cut to reduce methane production, land
wastage®’; and food waste (which figure is ~40% in Africa®) must be curtailed. Among the

8 The root cause of the Amazon’s fires is deliberate “land use changes”, not global warming. That’s also the reason
that California’s wildfires (e.g., last year’s Paradise disaster) have become so destructive. Washington State
University’s Prof. Cliff Mass recently posted an analysis of recent California fires that shows that the conditions for
such fires are a regular occurrence, and that global warming should if anything, decrease the wind intensity driving
its wildfires (Cliffmass 2018). The biggest problem people-damage wise is that they have disregarded well
established information about long standing natural processes and built communities in areas that have often burned-
off before. In the case of the Paradise fire, logging and earlier fires had left a conduit of highly flammable grass and
bushes, through which that fire could rapidly move. Flammable, non-native invasive grasses had also spread
throughout the region. Their new homes were not built to withstand fire and roadways were inadequate for
evacuation as were warnings to its population. The blown-down powerlines that started those fires had not been de-
energized even though strong winds had been forecast. Preventing disasters like these will require tough
decisions/regulations based upon real data and uncommon sense , not just more hand wringing about Global
Warming. The University of Colorado’s Professor Roger Pielke had reached the same “controversial” conclusions a
decade earlier (Pielke 2010). On the other hand, Australia’s and California’s fires are indeed rendered more likely
because climate change’s ocean warming increases the amount of water vapor moved by the prevailing winds from
already-dry regions to already-wet ones; e.g., from Australia to Africa’s southwest coast. These “Dipole events”
exacerbate droughts (fires) in the first and flooding in the second.

87 It requires about twenty times as much corn and soybeans (therefore land) to feed people with the USA’s
Confined Animal Feeding Operation (CAFO) - type beef as it would to feed them with those commodities directly.
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proposals towards vegetarian and vegan diets: “The consumption of healthy and sustainable
diets, such as those based on coarse grains, pulses and vegetables, and nuts and seeds ...
presents major opportunities for reducing greenhouse gas emissions”®. There also should be
big changes in how arable land is used. Governmental policies need to include “improved access
to markets, empowering women farmers, expanding access to agricultural services and
strengthening land tenure security, and early warning systems for weather, crop yields, and
seasonal climate events must also be established.”

Soil depletion is just another way that we humans strip-mine our planet. Its soils’ readily
available trace elements become depleted as does their humus (soil organic carbon) and the
myriad of organisms that keep them healthy and gradually convert underlying crustal rock to
new soil. We are great at hot-rodding natural processes for maximum short-term outputs/profits
and then leaving depleted detritus behind when we move on to the next thing to exploit.

“Political stability, environmental quality, hunger, and poverty all have the same root. In the long
run, the solution to each is restoring the most basic of all resources, the soil.”
Rattan Lal

With this in mind let’s try to come up with estimates of what my example’s population (Africa’s
especially thrifty future citizens) should eat and how much of their land would be required to
provide it.

Since vegetarian diets are much more efficient resource-wise than are those generally consumed
by today’s richer people, for simplicity’s sake, I’1l assume that by 2100 AD everyone will be
consuming 2500 kcal/day (~1.05E+7 J), most of which is provided by two especially productive
crops raised upon the minimum amount of soil capable of providing yields currently achieved in
the USA.

8 T don't waste much food because I'm not a “magical” thinker and have taught myself to garden, fish, cook, brew,
dry, pickle, and can. For instance, | recently spent a Saturday evening canning up about 25 pounds of chicken that
had been in our malfunctioning, state-of-the-art, impossible-to-repair, ~$1500 “Life is Good” refrigerator’s freezing
compartment (its weak point was its new “linear” compressor). One of the really unwasteful things I've taught
myself to do is to pressure can/cook chickens, meat, bones, skin, and all. If you do that those birds have given up
their lives for a truly noble cause - we humans wouldn't have to buy/consume as much of the Earth's alternative
finite calcium and phosphorous resources. What could possibly be “greener” than that?

8 Speaking of personal carbon emissions, I’ve debated whether | should mention that eating a fiber-free diet
reduces the amount of GHG-rich (esp.CO,) gases that humans (males anyway) occasionally emit from our
nethermost region. 1 suppose that in balance it’s still better for the planet if we all become vegans rather than
consume corn & soybeans second-hand after they’ve been converted to meat, milk & eggs by our even more GHG
impactful (both male and female) livestock.
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A recent paper (Clark and Tillman 2017) discussing the amount of land (m?) required to produce
protein with different crops, USDA reports (http://usda.mannlib.cornell.edu/... ) US crop
yields/acre, and candidate food crop characteristics listed in WIKIPEDIA entries suggest that an
efficient combination would comprise maize (corn aka “Zea Mays”) because it’s exceptionally
productive, nutritious, and already widely produced/consumed/accepted in Africa plus some sort
of pulse (legume) to complement its unbalanced-for-humans mix of amino acids (not enough
lysine - Lal 2017). Of the likely pulses, peanuts seem to make the most sense to me because they
are a “hot weather” crop, taste considerably better, contain more fat/oil (but somewhat less
protein), also already widely produced/consumed/accepted by Africans, and apparently would
not extract as much phosphorous and potassium (key macronutrients) from its soil per food-
calorie as would the next runner-up crop, soybeans.

Assuming zero waste, providing 2500 kcal/day of food for 4.5 billion people translates to
4.1E+15 kcal (1.72E+19 Joule (J)) worth of foodstuffs per year. If we also assume that 75% of
their food calories are to be provided by maize, a bit of algebra (see APPENDIX XXX) will
suggest that the total amount of land required to feed every African person circa 2100 AD adds
up to 1.36E+8 hectare (ha), of which 7.54E+7 ha would be devoted to maize and 6.04E+7 ha to
peanuts

That combination of foodstuffs would provide everyone with ~76 grams of “complete” protein
per day along with virtually everything else that we humans need to first grow up and then
remain healthy®°. Africa’s future folks would probably also both want to and should devote
perhaps an additional 5-10% of similarly productive/managed land to raising the lower
calorie/protein but tastier fruits, vegetables, and spices that render vegetarian diets far more
palatable than most of the world’s “rich” people realize®. Additionally, if Africa’s hopefully
much more-prosperous future inhabitants were to decide that chicken should provide 20% of
their food calories (500 kcal/day/person — about fourteen times as much as its people currently

% Of course, I'm just doing semi-quantitative theorizing here because people typically waste about one third of their
food which means that my calculations similarly underestimate the amounts of land, water, fertilizer, etc. needed to
feed our descendants. It’s probably also unreasonable to assume that our world’s established agricultural interests
would ever permit their elected representatives to eliminate their lucrative woodchip, bioalcohol, palm oil, and
biodiesel subsidies. I’'m also assuming that people can learn how to convert the modern world’s mountains of
“number 1 or 2 yellow dent corn” and soybeans to something that they can digest efficiently and even enjoy (while
accomplishing that is not rocket science, it’s not trivially easy either and requires substantial cooking-type energy
input).

%1 Some of those “supplemental” food crops (e.g., potatoes, carrots, tomatoes, and onions) are as productive as are
the grains currently dominating US agriculture (wheat, corn, soybeans, etc. ). This means that “healthy” veggies’
relative contribution to our diets could be greatly enhanced if we chose to raise them rather than today’s
predominant “cash” crops .
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consume), similar calculations suggest that roughly 10% additional land would be required to
raise the additional peanuts and maize required by those birds as well. The substitution of the
purportedly equally nutritious/delicious cricket “meat” (Van Huis 2012) for chicken apparently
would require only about 5% more peanuts/corn/land than would a strictly vegetarian dietary®,

1.36E+8 ha is only about 40% more cropland than the USA currently devotes to producing
the crops listed in Clark and Tillman’s paper to support its ~320 million people (~7% of the
number assumed herein for Africa circa 2100 AD). Thanks to artificial fertilizers, improved
crop genetics including GMOs , and pesticides, today’s first world farmers need ~68% less
land to produce any given quantity of food than did their mid-20th century predecessors
utilizing that era’s somewhat more “natural” (aka somewhat more “organic”) farming
practices.

Unfortunately, the way that we’ve gone about implementing Dr. Borlaug’s Green Revolution
simplified major cropping systems by growing monocultures in huge fields within landscapes
that we’ve homogenized by Killing everything else. A team of scientists led by Professor
Andrew Balmford of Cambridge University recently showed that the best way for humanity
to preserve the world’s biodiversity would be to minimize the amount of land used to serve
its own needs and thereby allow the set-aside (sparing) of larger areas capable of supporting
natural lifeforms in a natural fashion, i.e., the set aside of “good” land, not already desertified
land [Phalan 2011].

Consequently, heading off today’s anthropogenic “sixth extinction” will require near-universal
adoption of the Rodale Institute’s and other like-minded groups/individuals’ only moderately
energy-intensive approach to “regenerative organic agriculture”®, not the already developed
world’s currently much less efficient ways of producing its officially “organic” foodstuffs.

The USA’s organic/natural food business sector primarily seeks to protect its especially well-off
citizens from the imaginary “terrible threats” being posed by gluten, GMO%s, and the cheap

92 My calculations assumed that chicken offal - guts, feathers, blood, bones, & beaks — would become chicken feed.
It would also be interesting to see if the locust hordes that often consume almost everything that Africa’s subsistence
farmers raise to subsist upon could be substituted for those crops. Unlike farm-raised crickets, such “meat” would be
free & especially plentiful when most needed.

9 Regenerative organic agriculture also fertilizes soils by rendering them capable of doing for themselves the same
things that the deliberate addition of manure accomplishes, i.e., such soils’ abundant biomes along with their high
SOC-substrate food sources generates a soup of organic acids and chelating agents capable of freeing-up a soil’s
otherwise-unavailable inorganic plant food constituents within its rock, sand, silt, and clay fractions.

% The ingestion of the nucleic acid in genetically modified food has attracted lots of attention and research dollars.
The bottom line is that they are digested efficiently (destroyed) by human gastric juice which means that whatever
GM rendered the plant you’ve eaten bullet proof as far as a particular bug or pesticide is concerned isn’t going to
either endanger or protect you from anything Digestion of Nucleic Acids Starts in the Stomach (nih.gov) .
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foodstuffs that might encourage their less fortunate neighbors to overbreed. For instance while
ADM (Archer-Daniels-Midland) currently sells its distributors 50 pound bags of “regular” US-
made wheat flour for about $11 (that’s about twice as much as its farmers were paid for the
wheat), a concerned person who’s been told that only “natural” flour is good/safe enough for
his/her family, might buy a 2 pound sack of Whole Food’s organic wheat flour for “only” $4.29
(that’s a ~25-fold “value added service” markup). That is cheap compared to Whole Food’s
“natural quinoa flour” - $10.79 for just 18 ounces. Another characteristic of the USA‘s approach
to people-feeding, is that it’s virtually impossible for an individual consumer to purchase most of
its genuinely “whole foods” (e.g., raw field corn, wheat, or soybeans) in its food markets and
almost as difficult to buy them anywhere else. The current demand for expensive fad-food
substitutes like quinoa (“keen wah”) is a consequence of “elites” promoting “traditional crops”
as a culturally sensitive agricultural development strategy—a move to refashion localized
indigeneity (e.g., Andean Mountain quinona) for commercialization in the “modern world.”
Well-meaning institutions like the UN Food and Agriculture Organization (FAO), Biodiversity
International, the International Foundation for Agricultural Development (IFAD), and the World
Bank, promote the development of markets for peasant foods” ranging from Peruvian quinoa to
Indian millet as a means to alleviate poverty therein and increase global food system diversity.
“NUS present tremendous opportunities for fighting poverty, hunger and malnutrition. And they
can help make agricultural production systems more resilient to climate change grains.”

To me those sorts of political rationalizations don’t make much sense. Plant life’s unique
characteristic is that, empowered by nothing other than sunlight, they can convert the earth’s
raw inorganic resources - water, carbon dioxide plus soil-solution-derived nitrate, phosphate,
potassium, and low/trace mineral ions — to humanity’s necessarily-already-organic (carbon-based
covalent bonded molecular assemblage) food stuffs. A GMO/gluten-bearing, hydroponic-raised,
wheat berry is just as “organic” as is the seed of a new wild quinona variety just discovered in an
isolated Peruvian mountain meadow. We humans, like any other animal require adequate
amounts of food consisting primarily of organic materials (proteins, carbohydrates, and fats
along with several low-concentration vitamins etc. that any properly chosen & raised food plant
can produce from its inorganic “foods”. If our leaders really want to “save the world’, they
should, 1) commit to raising our mostly plant-based foodstuffs efficiently and sustainably, not
stupidly, and, 2) making those foodstuffs readily available to everyone, not just continue to cater
to the whims of the first world’s already-rich people®.

% Except for some relatively low calorie/protein vegetables etc., the majority of the USA’s people food (e.g., beer,
soda pop, pizzas, hotdogs, hamburgers, & breakfast cereals) consists of artfully reassembled fractions of its massive
grain crops along with portions of the livestock (mostly cows, pigs, and chickens) fed/fattened with the same grains.
Eating beef rather than those whole food”” commodities themselves wastes about 95% of their food value.
Convincing its citizens to want/consume its plastic wrapped, value-added, concoctions rather than the whole grains
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Diversification includes rotating both cover and cash crops, planting flower strips, reducing
tillage, adding organic amendments to enrich soil biomes (e.g., grazing non-constipated
cows/sheep/ducks/chickens or carp on fields), and establishing/ restoring species-rich habitats
(e.g.., ponds) in the land surrounding such fields. According to a just-off-the-press international
study comparing 42,000 examples of diversified and simplified agricultural practices, increasing
diversity in crop production benefits biodiversity without compromising crop yields (Tamburini
et al 2020, Lockeretz et al 1981).

It is possible for us to consume more of Nature’s resources than she is producing for as long as
sufficient stocks of fuels, ores, forests, soils, and groundwater remain and there’s still enough
room left in her waste sinks (e.g., the atmosphere, lands, and oceans) currently absorbing our
GHG emissions. This quantitative mismatch drives the loss of biological diversity with
consequent deterioration of the Earth’s ecological goods and services. More specifically, the
loss of terrestrial, marine, and freshwater ecosystem biodiversity around the world is a
consequence of five direct anthropogenic pressures/ threats:

habitat destruction, degradation and fragmentation;
over-exploitation of wild-harvested species;
invasive species;

pollution;

climate change.

The above threats to our planet’s biodiversity arise from indirect drivers, all of which contribute
to ecological overshoot. However, such overshoot cannot indefinitely continue any more than
can natural-gas fracking or pumping groundwater from under deserts. Mankind’s current
degree of its home’s biological resource overshoot — roughly two-fold - puts many of its human
inhabitants’ security at risk, particularly if they don’t possess the financial means required to get
their necessities from somewhere else.

Given that anthropogenic climate change is one of the more widely discussed threats to
biodiversity and, in particular, to our own, mankind’s lackadaisical reaction to it is surprising.
To put it bluntly, since climate change’s “issues” are widely recognized to be becoming storms,
it is mind-boggling to witness how many of us continue to argue, “l will fix my boat only if those

themselves constitutes the US food sector’s chief business goal. Consequently, it’s become almost impossible for a
US food shopper to buy “raw” (no “added value”) wheat, soybeans, corn, or peanuts for under four times what its
farmers got for producing them.
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guys fix theirs first” - the predominant narrative at most of the world’s international climate
conferences. That’s self-defeating because in the absence of international collaboration, each
“state” bears even more risk and has an even higher incentive to prepare itself for an eminently
predictable future featuring severe climate changes and resource constraints. However, since
human history provides us with lots of examples of how earlier civilizations have failed to
appropriately respond to obvious threats, it’s not a given that ours will either,

A FAO estimate (FAO 2002) of the area under “managed water and land development in
Africa totals some 12.6 million ha, equivalent to only 8 percent of its arable land”. Since
Africa’s total area is about 30.3 million km?, this suggests that 1.58E+8 ha [12.6E+6 km?/100
ha/km?/0.08 or 5.2%] of it is considered “arable”. Since my estimate of the total area
required to feed its 4.5 billion future inhabitants (1.36E+8 ha) represents only 87% of that
figure, hopefully, they will choose to continue to share some of their continent’s still-useful
land with its iconic suite of wild animals.

3.3.3 The whys and costs of desalination

Like wind and solar power, water is a renewable resource characterized by highly variable and
limited “capacity “. Rainfall, temperature, evaporation, and runoff determine its total availability
and human decisions determine who gets what. Nearly every country in the world is
experiencing water shortages during part of the year, and > 80 of them suffer from serious
shortages. Most of the world’s 37 major aquifers are being “mined” at rates exceeding natural
replenishment and some are near exhaustion. Clean water resources per capita are declining
rapidly as human population increases, more water is used to raise cattle/pig/chicken feed, and
climate change causes more and bigger droughts. Pollution, erosion, runoff, and salinization
associated with irrigation, plus habitually inefficient use of water, contribute to the decline in
water resources. Allocation of increasingly scarce fresh water generates conflicts between and
within countries (e.g., the “Arab Spring””), industries, and individual communities with the
majority everywhere being consumed by agriculture. Water shortages are also severely reducing
biodiversity in aquatic and terrestrial ecosystems (Pimentel et al. 1997).

Africa’s anticipated 4.5 billion (?) future inhabitants would not be able to feed themselves with
~60% or even all of its arable land unless they become able to irrigate it*®. Because irrigated land
almost always produces higher yields than do rain fed farms and also permit double and
sometimes even triple cropping in warmer regions, such lands provide around 40% percent of
global cereal supply (FAO 2011a). Currently only ~4% percent of Africa’s cropland is irrigated
due to prohibitive costs, insufficient water, and lack of commitment to infrastructure investment

% Irrigation is one of the keys to Professor Borlaug’s Green Revolution.
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in things like power plants and the fuels required to operate them. Consequently, it’s unlikely
that this book’s cornucopian scenario could be implemented by either the African people
themselves or the institutions/businesses/people that have traditionally provided most of their
“aid”’,

However, let’s pretend that will somehow happen.

Pumping water onto approximately 10 percent of the world’s total arable land (around 300 Mha)
currently consumes around 0.225 EJ/yr. Another 0.05 EJ/year of indirect energy is devoted to the
manufacture and delivery of irrigation equipment (Smil 2008). Around two-thirds of irrigation
water currently used for irrigation is drawn from underground aquifers. Energy intensive
electricity-powered deep well pumping accounts for about two-thirds of that and projections
suggest that it will become ~90% by 2050 when shallow reserves everywhere are almost totally
depleted. Additionally, global warming is simultaneously exacerbating droughts and melting the
glaciers that feed the rivers providing much of the world’s cheap-to-deliver irrigation water.
Global warming has caused Mount Kilimanjaro’s “snows” to disappear along with most of the
USA’s Glacier National Park’s. Building more dams won’t solve this problem because dams do
not create water. Additionally, a comprehensive review of Nigeria’s outside-funded dam projects
(Tomlinson 2018) concluded that while they do make money for local promoters and the
outsiders funding/supporting them, they decrease net agricultural productivity by turning once-
fertile downstream flood plains into deserts. In addition to killing wetland-dependent wildlife,
those dams have lowered not raised, the incomes of far more people than have benefitted. Most
such dams also don’t generate nearly as much electrical power as “promised” due to inadequate
maintenance and low (water-limited) capacity factors. Finally, at best, dams represent a
temporary fix for the problems that they are built to address because any dam’s reservoir will
eventually fill with mud.

Water shortages plus the current cost of desalination — primarily due to high energy costs — has
led some countries rich enough to do so (e.g., China) to reduce their own crop production and

9 1t just boils down to human nature. Rich people usually have lots of options and choose the cheapest (to them)
way of solving their problems whereas poor people without options must live with issues even if doing so will
prematurely Kill them (who cares? - most of ‘em live” in ...thole countries” and aren’t the right color anyway).
Building enough desalination facilities and their power sources to “save” the world’s poor people will cost several
$hundred billion & it’s unlikely that today’s venture-capitalist-dominated economic system will ever do anything
that doesn’t guarantee them a “reasonable” return on investment.

% Dams have almost destroyed salmon runs throughout most of the “developed” world including, of course, my
long-time home state of Idaho. Its trout streams have been similarly impacted by too-warm water and the myriad of
tiny dams and extra diversions built to take advantage of low head hydropower plant subsidies. Other things serving
to devastate Idaho’s trout fishing include the now almost universal use of neonicotinoid pesticides (Mason 2013)
and steadfast refusal to enforce a law requiring irrigation canal companies to screen their headgates (Barker 2015).
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rely more heavily upon imported grains. As of 2011, China was the world's largest producer and
consumer of agricultural products. However, agricultural experts are predicting that its
agricultural output will shrink by from 14 to 23% by 2050 due to water shortages and other
impacts of climate change. Since 2000 the depletion of its main aquifers and several rivers has
led to an overall decrease in grain production, turning China into a net importer. This trend is
expected to accelerate as its water shortages worsen. Despite its potential, desalination finds
relatively few customers because it is still cheaper to over-utilize rivers, lakes, and aquifers, even
as they are becoming very much depleted (Watts 2011)

This situation is unsustainable which means that 1’1l next assume that about one half of the water
irrigating Africa’s future farmlands (and much of the rest of the world’s too) would be generated
by desalinating seawater — the Earth’s only truly inexhaustible/sustainable water source.
Wikipedia’s description of Israel’s solution to its water issues (Israel 2018), demonstrates how a
responsibly managed and relatively “rich” future world could address its water woes. Israel’s
~8.5 million people are fed by ~1.045E+9 m? of fresh water applied to its mostly irrigated
farmland (Jewish 2016). This suggests that the rest of the even more water-stressed Middle
East’s mostly-poor ~101 million people, including the majority of those living in Palestine, Iraq,
Jordan, Lebanon, Oman, Syria, and Yemen (Demographics 2018), could be equally well
supported by irrigating their potentially arable land (assuming all of it) with 1.24E+10 m? of
desalinated seawater. Assuming the ~3kWh/m? energy requirement of today’s most popular
approach to desalination, reverse osmosis (RO 2018), doing so would require an energy input of
1.34E+17 joules/a, which corresponds to the full-time output of ~4.2 one-GW, nuclear
reactors®®. The volume of water corresponding to adding 0.51 meter (20”) of it over 1.38E+8 ha
of African farmland is 7.01E+11 m?, which, if generated via RO, would require the full-time
output of ~240 full-sized nuclear reactors (7.51E+18 Je/a). In principle at least, Siemen’s electro
dialysis-based desalination technology would require only about one-half that much
power/reactors and is also less apt to be fouled by seawater’s other-than-salt impurities (Hussain
& Abolaban 2014).

To continue, Africa’s average elevation is about 600 m (~2,000 feet) above sea level, roughly the
same as that of both North and South America. If all of Africa’s desalinated irrigation water
would have to be pumped uphill that far, the energy needed to do so would be 4.12E+18 joules

999 In many cases it’s apt to be sensible to interface thermal desalination (e.g., multistage flash (MSF) distillation)
with RO (Al-Mutaz 2003). The reason for this is that any sort of heat-to-electricity conversion system that the
reactor’s energy might power will require a cooling system for its working fluid (e.g., water, or carbon dioxide).
Instead of being wasted as is generally the case now, the heat picked up by that coolant could “fuel” MSF
desalination. Hybrid RO MSF desalination would combine the high desalting performance of distillation with the
lower total energy requirement of membrane-based processes.
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[7.07E+11m®**1000 kg/m** 600 m*9.8 m/s] requiring another 131 full-sized nuclear power
plants.

How much would Africa’s desalination equipment cost? The contractual cost of the world’s
(Saudi Arabia’s) biggest (~one million m®/day), RO-based desalination plant is $1.89 billion
(Desalination 2018). Collectively, these numbers suggest that building enough RO plants to
irrigate Africa’s future farmlands would require a one-time capital expenditure of $3.63 trillion]
— under 15% of the USA’s current national debt. Similarly addressing California’s Central
Valley’s chronic irrigation water problems should cost about $280 billion®.

As mentioned earlier, the Western World’s recent Middle East military incursions will probably
end up costing its citizens ~thirty times more ($4-6 trillion - 2.3 trillion for Afghanistan alone)
than it would to have built enough nuclear-powered desalination plants to provide sufficient
fresh water for everyone living there and thereby address a root cause of that region’s almost
perpetual turmoil. For example, a recent paper in the Proceedings of the (US) National Academy
of Sciences (Kelly et al, 2014 ) points out that the chief driver for today’s Syrian
conflict/diaspora is the unrest/poverty generated by relentlessly worsening droughts and an
already mined-out aquifer, not the desire for “regime change”. The same thing has been driving
hordes of Central America’s people (especially Guatemala, El Salvador, Honduras and
Nicaragua ) to abandon their homes in the hope that they might somehow find places to live in
the USA.

Another plus for desalination is that its product does not add additional salts to soil and also
better at remediating already over-salinized soils than is ground water. A final plus is that
because it doesn’t already contain near-equilibrium levels of calcium, magnesium,
carbonate/bicarbonate, silica, etc., it is a better rock solvent (more corrosive) than is ground
water. The next section will reveal why that is important.

3.4 Green energy’s not-so-little dirty secrets

If asked today about what should be done to “save the world” many people opine that we need
more “renewable” energy. Throughout the western world, attempts to realize that aspiration have
become the rationale behind governmental policies granting massive subsidies to the
businessmen purveyors of politically correct energy technologies and an excuse for penalizing
those that are not. It’s the reason that several US states and other countries (e.g., California,
Germany, and the UK) have spent billions on subsidizing windmills and solar panels, shut down

100 «“Should” because doing anything “controversial” in California costs far more than it does anywhere else in the
USA. I’ve assumed 34-million-acre ft of water/a & that the reactors would cost what they would now in South
Korea, ~$4/watt.
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already-paid-for much more reliable power plants, burdened their citizens with sky-high energy
costs, and have yet to achieve more than modest greenhouse gas reductions.

“Renewables are not green. To reach the scale at which they would contribute importantly to
meeting global energy demand, renewable sources of energy, such as wind, water, and biomass,
cause serious environmental harm. Measuring renewables in watts per square meter that each
source could produce smashes these environmental idols. Nuclear energy is green. However, in
order to grow, the nuclear industry must extend out of its niche in baseload electric power
generation, form alliances with the methane industry to introduce more hydrogen into energy
markets and start making hydrogen itself. Technologies succeed when economies of scale form
part of their conditions of evolution. Like computers, to grow larger, the energy system must now
shrink in size and cost. Considered in watts per square meter, nuclear has astronomical

’

advantages over its competitors.’
(Jesse Ausable 2007)
Here’s another expert’s opinion.

A fundamental, generally implicit, assumption of the Intergovernmental Panel on Climate
Change reports and many energy analysts is that each unit of energy supplied by non-fossil-fuel
sources takes the place of a unit of energy supplied by fossil-fuel sources. However, owing to the
complexity of economic systems and human behavior, it is often the case that changes aimed at
reducing one type of resource consumption, either through improvements in efficiency of use or
by developing substitutes; do not lead to the intended outcome when net effects are considered.
Here, | show that the average pattern across most nations of the world over the past fifty years is
one where each unit of total national energy use from non-fossil-fuel sources displaced less than
one-quarter of a unit of fossil-fuel energy use and, focusing specifically on electricity, each unit
of electricity generated by non-fossil-fuel sources displaced less than one-tenth of a unit of fossil-
fuel-generated electricity. These results challenge conventional thinking in that they indicate that
suppressing the use of fossil fuel will require changes other than simply technical ones such as
expanding non-fossil-fuel energy production.

(Richard York—his Nature Climate Change paper’s abstract (York 2012))

However, the folks currently professing that we must immediately embark upon their
interpretation of a Green New Deal generally still believe that...

“Since solar panels and wind turbines seem to keep getting cheaper, why should we bother with
building anything else?”
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The reason is that, as more solar panels and wind turbines are added to a power supply system,
their intermittency (unreliability) causes each facility’s power to become less valuable!®* unless
it’s paid for, regardless of whether anyone can actually use it. While the cost of new solar
panels and land based wind turbines has indeed become relatively low!%?, when enough of them
have been added, they impose large costs on the more reliable parts of the system because: 1)
the system’s reliable sources and transmission system must be capable of occasionally satisfying
100% of demand but won’t be operated often enough to pay for themselves'®; and 2) widely
dispersed wind and solar power plants must be interconnected to and rendered compatible with
the rest of the grid with vast amounts of relatively small scale equipment/wiring capable of
handling their maximum, not average, outputs. In big systems like Texas’s “Electric Reliability
Council of Texas” (ERCOT), renewable source transmission/distribution Systems costs about
twice as much as do its photovoltaic panel (PV) and wind turbine sources (Gene Preston PhD,
PE, personal communication 2020). In deregulated electricity markets like California or Texas,
if the owner/operators of such sources have contract guaranteed production subsidies, they will
bid energy prices near zero or even negative which eventually displaces reliable fossil-fueled,
nuclear, and hydroelectric generators in any “privatized” power supply market that sells
“energy”, not reliable power.

Most of the USA’s nuclear power plants were not designed to load follow and will “poison out”
if shut down 1% causing 1-3 day 100% outage because they can’t be quickly restarted . A few
hours later when intermittent source power peters out, such reactors will not be able to resume

101 Wind and solar power plants are chaotic systems meaning that they are subject to nonlinearities and physical
relationships that render their behavior neither random nor deterministic. They also require distribution systems
capable of safely handing three to five times as much energy as they deliver to the grid.

102 1¢°s unlikely that windmills and solar panels will become much cheaper than they are now because both industries

have become “mature”.

103 For instance, as this is being written (3Feb202)3 Texas is experiencing a repeat of the weather related “event”
(Uri) that caused billions of dollars’ worth of damage and killed several hundreds of people two years ago. Nearly
400k of its residents are without power again. While both wind and solar crapped out again, unlike the deadly mid-
February 2021”Uri” winter storm that left about 4 million customers without electricity and gas, the real culprit this
time around is its electricity transmission system. Virtually all of its current outages are due to breakdowns in its
transmission and distribution system caused by ice on power lines or on nearby trees that fell and knocked down
power lines.

104 92-hour half-life 135Xe — the strongest known neutron-“poisoning” isotope - is primarily created by the beta decay
(loss of an electron from its nucleus) of an abundant 6.7-hour half-life fission product, **I. During steady-state
operation of a solid fueled reactor, such **Xe is “burned off” (transmuted) by absorbing (and thereby wasting)
neutrons as quickly as it is created. When the reactor is suddenly shut down, no more fresh neutrons and produced
and 1¥5Xe accumulates to a point that “poisons” the reactor until enough time has passed for it to decay away too.
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operation meaning that either lots of inefficient natural gas fired “peaker plants”®® must be fired
up or the system’s customers will have to put up with another brown/black out, i.e., involuntarily
become “resilient” due to what their government’s business-compliant regulators generally deem
to be a “force majeure” or “Act of God”1%,

The consequence of the USA’s most privatized electrical infrastructure (Texas’ ERCOT) is a
poorly designed, overly complex and expensive wholesale electricity market that generates high
GHG emissions. Its economic business model rewards shortages by driving up prices instead of
rewarding abundance which would work toward removing stressful times altogether.

One way to address such issues would be to specify more appropriate floor prices on bids from
each fundamentally different generating source. If floor prices for intermittent sources were to
be enough higher than those of more reliable ones, it would prevent short periods of high
intermittent renewable output from forcing lengthy nuclear plant shut downs thereby reducing
both the number and frequency of the system's customers’ involuntary “load shedding”.

Ontario implemented floor prices in 2013 and adjusted the curtailment®” order (relative floor
prices) in 2016 (Paul Acchione, personal communication Sept 2020). Those changes resulted in
significant reduction in both CO2 emissions and fuel costs.

However, all is not rosy. An August 2021 report New Report — Electrification Pathways for
Ontario to Reduce Emissions: Procuring Ontario’s energy future — Strategic Policy Economics
(strapolec.ca) concludes that Ontario faces electricity supply shortage and reliability risks within
the next eight years and won’t meet Canada’s net zero carbon emission objectives without
building new nuclear generation starting as soon as possible.

Since 2013, Ontario’s Independent Electricity System Operator (IESO) has been forecasting a
significant gap in the province’s electricity supply due to the anticipated closure of the Pickering
Nuclear Generating Station, now scheduled for 2025 which will lose 3000 MW (15%) of

105 peaker plants (jet engines rather like those powering todays biggest airliners ) are powered up when demand
exceeds generation. However, their turbines are usually kept spinning (idling) to keep them warmed up and prevent
rotor sag.

106 Another of Dr. Pavlak’s ZOOM buddies, John Rudesill, recently came up with a third definition for the “Acts of
God” that ERCOT’s modelers cover their nethermost parts with:  Act of God = force majeure = “’farce manure”

W7 “Curtailment” is shutting down a power plant because there’s no demand for its power. That’s one of the reasons

that some of a wind farm turbines often don’t run even when the wind is strong. Curtailment wouldn’t be necessary
if new/different policies were to reward consumers for building enough extra hot water heaters, desalination plants,
and/or hydrogen electrolyzers to constructively use such “excess” power. The problem with that is that those
technologies would have very low-capacity factors meaning that whatever they made/did would be pretty darn
expensive per unit annually summed-up output even ft their energy were ‘free”.
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Ontario’s low-cost, low-carbon 24/7 electricity. Compounding the resulting supply gap, the
IESO has been underestimating the amount of electricity required to meet Canadian
transportation, building and industrial sectors emission reduction goals which would increase
the province’s electricity demand by 136%. The required new incremental baseload supply is
equivalent to doubling Ontario’s existing nuclear and hydro generation capacity. Consequently,
Ontario’s leadership has decided to support the development of SMRs along with the hydrogen-
producing plants that more!® nuclear power would render practical. They’ve realized that wind
and solar power generated “green” hydrogen would be much more expensive because such
power sources’ unreliability would require building far more electrolyzers and storage capacity.

Undertaking power system analysis without understanding the underlying plant performance
characteristics of each generation technology can lead to erroneous conclusions about the energy
source mix that would satisfy emission limits at the lowest retail electricity cost.

Another issue with today’s suite of renewables is that low energy density sources have high
environmental impacts. For example, the U.S. Fish and Wildlife Service estimates that ,

How the Haliade-X compares
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California’s Ivanpah “concentratcu sular puwer  (uor) suiar tower-type power plantlog kills ~
28,000 birds each year when they try to perch/land upon or catch the insects buzzing around the
tops of the “receiver” towers at which its ~350,000 giant sun-tracking mirrors (heliostats) are
focused.

108 Ontario’s eight-reactor Bruce power plant is currently the world’s largest fully operational nuclear power plant
https://www.brucepower.com/2020/11/13/clean-energy-frontier-region-to-lead-canadas-next-generation-of-nuclear-
technology/ - up until 2011, Fukushima was the biggest.

109 Jvanpaw was built with the fervent support of the Sierra Club for $2.2 billion which included a $1.6 billion
federal loan guarantee (that’s a “super subsidy”). Just its build, not build+maintenance+profit margin, cost averaged
over 20 years makes its solar energy cost 13.9cents/kWh — 4-5 times higher than that generated by today’s nuclear
reactors.
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| suspect that we have no good way to accurately determine wind-turbine kills/injuries, because
to dogs, foxes, raccoons, and other carnivores, dead/injured birds and bats represent easy-to-find
lunches - they’ve got much better hearing and “sniffers” than we do. In most places wild
carnivores are apt to locate/consume collision victims before our dogs do. In any case, to any
of them, a big wind turbine represents an especially convenient feeding station that its owners
don’t want to talk about.

Wind turbines also kill millions of birds and bats/year (especially eagles - GOOGLE it) and bats
every year because the tips of their giant propellers move much faster (~200 mph) than either can
fly. Error! Reference source not found. depicts the sizes of state-of-the-art windmills along
with some of the other man-made things that many of | o

It’s highly likely that official survey kill-numbers are a fraction of a total that we are unlikely to
ever know because the wind power industry’s champions don't want us to know them. Idling
wind turbines to reduce bird/bat deaths would decrease their reliability, reputation, and therefore
their owners’ profits. For as long as those folks are allowed to continue to claim that bird/bat
mortality information is "proprietary”, the real impact will remain unknown.

What we do know for sure is that our politicians don’t reign in companies proposing new
projects in regions where such impact is apt to be greatest. We also know that building enough
windmills to affect a non-nuclear “green new deal” would have massive environmental impacts.
Princeton University’s studies assume that a third or more of Iowa and several other states would
be covered with wind farms. By picking out pieces of land here or there for development or non-

development, “renewable energy’s” champions carefully avoid questions about the odds of
migrating birds making it all the way north or south each year.

For instance, in 2019 the USA consumed 3.7 trillion kWh of electricity which figure represented
about 13% of its total/raw energy consumption (~100 quads) of which ~37 quads went into to
making that electricity. If we were to replace that electricity and the other 63 quads worth of
non-electric energy with 33% CF, 2 MW- rated windmills (see Error! Reference source not
found.) we’d have to build 4.06 million [(67+13)*1.055E+18/3600/24/365/2/1E+6] of them
along with enough “batteries” (storage capacity) to render the whole system sufficiently
reliable, & stick ‘em up high where most migrating birds fly. That would “impact their
diversity” in the same fashion as would marching blindfolded girl scouts down the center of a
subway track during rush hour.

Because Ivanpah’s CSP doesn’t include the huge, heavily insulated heat energy storage
“batteries” (molten salt tanks) that would enable it to generate some electricity when the sun
isn’t shining, solar energy actually provides only about 23% of its nominal 392 MWe “capacity”.
The rest is generated by burning natural gas which means that that nominally “solar” power plant
dumps another ~560,000 tonnes of CO into the atmosphere each year.
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Like wind turbine-type “capacity”, CSP’s are often big natural gas consumers due to their
modest overall solar heat-to-electric energy conversion efficiency (10-25%) and the need to
usually “heat things up” before sunrise by burning gas (if Ivanpah’s optional storage system’s
molten salts were to freeze up, the resulting volumetric change would damage its plumbing as
did Texas’ recent “URI event” to thousands of Texan homeowners.). Since 2013, lvanpah’s
owners have twice sought permission to use even more gas than allowed by the plant’s
certification agreement — 1.4 billion cubic feet in 2016 (Martin 2016%).

Like DOE’s Crescent Dunes CSP boondoggle (see my “CONCENTRATED SOLAR POWER”
homework problem set), Chile’s Altacama desert-situated Cerro Dominador project (generally
recognized to be the best possible place on Earth to site a solar power project) heats a molten salt
used to then make superheated steam. Its solar salt storage tank batteries are big enough to
maintain its nominal 110 MWe output for 17.5 hours. Unlike the USA’s Ivanpah CSP, 100% of
its power is to be solar - no gas. Its build cost, $1.3 billion for a hoped-for 950 GWh/year,
translates to a power-build cost of $12/watt. The good things about it are that, if there were no
other costs, and if it were to work as promised, and if it were to last for 50 years, it could provide
its customers with $0.03/kWh power throughout that entire period. However, based upon the
performance of the US Crescent Dunes facility that Chili’s seems to be an almost exact copy of,
that happy outcome seems unlikely (see this book’s “concentrated solar power” homework
exercises) .

The world’s largest solar power plant featuring energy storage is Morocco’s Ouarzazate power
station (https://en.wikipedia.org/wiki/Ouarzazate_Solar_Power_Station). Two of its three
concentrated solar plant (CSP) facilities utilize somewhat over a half million parabolic trough-
type mirrors that heat its molten salt working fluid flowing through pipes situated at the foci of
each mirror. The third (“Noor 3”) utilizes 7400 huge (179 m? each) sun tracking” (heliostated)
mirrors situated around a central *“ tower of power” with a receiver at its top containing its
molten salt working/storage fluid.

The entire system covers 2500 ha, has a nameplate rating of 510 MW, and is supposed to
generate ~1470 GWh worth of useful energy per year (Noor 3 isn’t running yet) That
corresponds to an average power output of 168 MW [147E+9*3600/3600/24/365] which
suggests a capacity factor of 33% [168/510]. Its average output power/area is therefore 6.72
watts/m? [168E+6/2500/(100%]. Since that part of Morocco’s “solar resource” is ~300 watts/m?
(similar to southern California’s deserts), Morocco’s CSPs are very inefficient power sources
(6.72/300 = 2.2%). Finally, a similar system scaled up to 1 GW. would cover 149 km? of land —
about 300 times that covered by a one 1 GW, nuclear power plant.

The USA Crescent Dunes CSP’s current owners recently opined that, "Today it makes no
economic sense to generate with CSP during the day, because that's what photovoltaics are for
and they are much cheaper"” (Ramos Miranda 2020). Not surprisingly, worldwide enthusiasm
for CSP is fading.
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A new study by a team of MIT researchers examines that trend and explains why they create an
important role for both existing and new nuclear power plants in an affordable decarbonized
energy system (Tapia-Ahumada 2019).

Here are its Summary and Abstract.

Summary: This study shows that the U.S. electricity sector can meet projected electricity demand
while reducing CO emissions by 90% from 2005 levels. If nuclear generation costs remain at
current levels as estimated by the U.S. Energy Information Administration, and renewable costs
fall substantially, so that Levelized Cost Of Energy (LCOE) costs are well below natural gas
generation costs, the authors project a considerable expansion, especially of wind, even without
a coz price (« carbon tax »). Given the low LCOE, one might expect a complete phase-out of
carbon fuel-based electricity without a carbon price. However, the study finds that it takes a
substantial carbon price to achieve deep decarbonization. Moreover, modest advances in
lowering the cost of nuclear by about 2.5 cents per kilowatt hour create a substantial role for
nuclear and reduce the needed carbon price by two-thirds. Continued focus on lowering the cost
of baseload generation from low-carbon sources such as nuclear would make achieving deep
reductions in carbon emissions much less costly.

Abstract: Continued improvements in wind turbine and solar PV technologies have reduced their
costs to the point that they are nearly competitive with natural gas generation. This would seem
to suggest there is little reason to look at other low carbon power sources such as nuclear,
considering that the cost of building nuclear power plants, one of the main low carbon
alternatives in the power sector, has remained high. However, simple cost metrics such as
levelized cost of electricity are poor indicators of the full system cost and the competitiveness of
different technologies. We use then an hourly electricity dispatch and capacity investment model,
EleMod, to investigate whether nuclear power has a potential role in decarbonizing the US
power sector, assuming that the cost of wind and solar continue to decline such that they become
the least expensive of any generation option in terms of levelized cost.

Daniel Yergin’s book, “THE QUEST: Energy, Security, and the Remaking of the Modern
World” (Yergin 2011), describes how tsunami damage to Japan’s improperly sited nuclear power
plant (Fukushima) caused Germany and several other European nations to declare a moratorium
on new plants. Even France, the world’s largest exporter of “nuclear” electricity, voiced some
misgivings immediately after Japan’s all-too-predicable tragedy.

3.4.1 Other countries’ “green” plans and experiences

“Had it not been so exceptionally calm in the run up to this autumn equinox, one could call
the energy crisis a perfect storm. Wind farms stand idle for days on end, a fire interrupts a
vital cable from Erance, a combination of post-Covid economic recovery and Russia
tightening supply means the gas price has shot through the roof — and so the market
price of both home heating and electricity is rocketing.
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https://www.dailymail.co.uk/news/france/index.html

But the root of the crisis lies in the monomaniacal way in which this government and its
recent predecessors have pursued decarbonisation at the expense of other priorities
including reliability and affordability of energy.”

https://www.dailymail.co.uk/news/article-10010693/Power-mad-devastating-audit-lays-bare-
costly-errors.html (Matt Ridley 20Sep2021)

Theoretically, assuming 100% fossil fuel backup, an electricity system primarily comprised of
wind and solar renewables could function indefinitely but not cheaply because its consumers
would be bearing the costs of redundant transmission and generating systems. Anybody who
looks at most of the western world’s madcap push toward increasing intermittent renewable
source-type electricity should realize that it must eventually hit a wall

, Since its
politicians have been allowing their power suppliers to reduce their costs by first reducing and
then eliminating reliable backup power plants, that wall is rapidly approaching and has begun to
impact the UK in particular. Unfortunately for the Brits, this was happening on the eve of the
next big “climate summit,” COP26, set to kick off in Glasgow on November 1, 2021.

Power mad: This devastating audit lays bare the costly errors | Daily Mail Online

Unfortunately, mainstream US news sources are unlikely to say much about it because it’s not
politically correct to notice anything that might discourage us from “greenly” tackling the
environmental issues that previous US administrations have been paying lip service to for several
decades now. To get real information about such things, an excellent place for US readers to start
is the (London-based) , Which provides summaries and links
to articles in the UK and other European press.

Like many other European countries, the UK has been in the thrall of both climate and nuclear
hysteria for over two decades. When Boris Johnson, who had previously made some skeptical
noises, became Prime Minister in 2019; he went after the climate dragon with the zeal of a fresh
convert. His statutory commitment to reach “net zero” carbon emissions by 2050 was enacted
while he was taking over from Theresa May.

Figure 15 appeared on page 88 of the 2020 “Digest of UK Energy Statistics” issued 29Jul2021.
Great Britain’s current electricity demand is about 30 GW in the summer and 50 GW in the
winter (not much air conditioning is needed north of the 50™" parallel).
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Chart 5.7: Generating capacity of all power producers, 2000-2019
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Figure 15 United Kingdom electricity sources

As recently as 2010, the UK had a very comfortable 80" GW of dispatchable generation capacity
of various sorts — Combined Cycle Gas Turbines (CCGT (i.e., natural gas)'°, “conventional
steam” (almost 100% coal), nuclear, and hydro. But that year they started to reduce the amounts
of all of them except natural gas. Today they’re down to about 55 GW total of dispatchable
capacity, with coal reduced from about 40 GW to ~15, and natural gas is up somewhat from
about 20 GW to ~30 GW.

While it still may seem too soon for a crunch, a closer look reveals that natural gas is now
critical - without it, coal, nuclear and hydro by themselves will not be sufficient when wind and
solar output drop to zero as they often do. Even though the UK is sitting on top of a perfectly
good gas shale formation, it has essentially banned fracking because its regulators accepted
claims that fracking would cause earthquakes*!. That’s caused its “frackers” to throw in the
towel even though its nearby North Sea field’s gas output has been in serious decline for
decades. When the wind and sun don’t produce, the UK is now completely dependent on
imported natural gas most of which is from relatively poor eastern bloc (ex-USSR but headed up

110 A “combined cycle” gas-fired power plant directs the hot gasses coming out of its gas turbine through a tube-in-
shell boiler to generate steam powering a close-coupled steam turbine. They are~50% maore fuel-efficient than gas-
fired peaker plants but cost much more and cannot load-follow rapidly changing system energy demand nearly as
well.

111 That’s true but while they’re detectable, they’re generally too small to damage anything and may prevent “big”
quakes by gradually relieving natural stress buildups.
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by Russia) countries relishing the fact that they can now be come richer by bleeding their
neighbors.

Exponential recent growth of the North and Baltic Sea offshore wind farms is a testament to the
combined efforts of European countries’ investing time, effort, and money in the decarbonization
of their electricity grids. But just when Europe most needed such, the wind in the North Sea
stopped blowing**2.

So, suddenly everybody in northern Europe had to crank up their remaining natural gas
electricity generation capacity to 100%, with essentially no domestic supplies. Needless to say,
gas spot prices spiked and supply shortages emerged just as another stormy winter (21-22) began
to set in. Wholesale gas prices are up by~70% over the past month alone, and Bloomberg
reported a 10% spike in gas prices in just the one day, as “Russia is keeping a firm grip on

supply.”

That crunch is particularly acute in the UK. In October 2021, The Daily Mail reported huge
wholesale gas price increases and dozens of its utilities suddenly face bankruptcy unless they
can either immediately raise consumer prices or get a prompt government bailout. On Nov 4
Reuters reported that a shortage of nitrogen fertilizer due to soaring natural gas prices is
threatening to reduce global crop yields next year.

Consequently, UK taxpayers could be hit with a multibillion-pound bill when its energy
Ministers try to keep its suppliers from collapsing.

Collateral consequences are rapidly spreading through the EU. After Fukushima, Germany’s
(where earthquakes are relatively rare, generally minor, and don’t cause tsunamis) decision to
shutter the nuclear power plants generating almost 30% of its electricity has raised its
dependency upon Russia’s natural gas despite its stepping up of wind, lignite/brown coal-fired,
solar, and hydropower. In October 2021 Vladimir Putin’s vowed to come to the rescue of
European countries experiencing a severe energy pinch aggravated by continent -wide low wind
levels. The EU’s energy woes along with the Trump administration’s policies are a gift to Putin,
who has long dreamed of greater Kremlin influence over Western Europe and dividing it from

112 Britain’s decision makers assumed that North Sea-sited wind farms "will not produce less than 10 percent of

their potential electricity output on more than seven days per year. In 2021, there more than 65 such days." The
Wind Turbine Failures Behind Europe's Energy Crisis Are a Warning
for America (newsweek.com)
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the United States. The decades-long political rift between Washington and Berlin over the Nord

Stream pipelines which will soon bring gas from Russia to Germany, is the best-known example
13

of this. Putin had a very good cardsto play and wasn’t reluctant to do sot13,
As European energy prices go through the roof, factories are beginning to shut down and food is
disappearing from store shelves. The closure of two fertilizer plants in northern England and
others in Europe has left the food and drink industry facing a shortage of carbon dioxide -a
byproduct of fertilizer manufacturing - critical to the production and transport of food products,
from meat to bread, beer, and fizzy drinks. Emergency talks were being held between
government officials and food producers, retailers, and the energy industry with warnings of a
“black swan event”(a rare but increasingly likely blow with unpredictable consequences).

As the 2022-2023 ’s winter season begins ( October 2022) a goodly number of northern
European households have resorted to burning their garbage to stay warm ( Fanaticism Of The

Apocalypse - Michael Shellenberger (substack.com)). “I¢’s so bad this season that you can smell

trash burning every day, which is completely new,” said the 35-year-old mother of three from
Jablonna, Poland, near Warsaw. “Rarely can you smell a regular fuel. It’s scary to think what
happens when it really gets cold.” Poland’s government had already suspended quality
regulations on coal burning for those who could still afford it which 60% of its citizens no
longer could. Because of garbage burning, their government is soon apt to be handing out masks

so its residents don’t inhale the toxic fumes already causing an estimated 40,000 air pollution
related premature deaths per year. In September one of Poland’s most powerful politicians
opined that, “one needs to burn almost everything, except for tires and similarly harmful things.”

Europe’s forests are also being hammered. In Estonia and Finland, forests that had been set aside
to capture carbon dioxide to reduce climate change are now being so heavily logged that they are
net emitters. Hungary has lifted conservation regulations so old-growth forests could be logged
and then banned the export of wood pellets.

Denmark has led the green energy revolution, having promoted wind energy since the oil crisis
in the late 1970s. It gen erates over 40% of its electricity from wind power and dominates others
in wind deployment per both capita and gross domestic product. Its wind industry is highly
decentralized, with 88% of its ~3,000 producers operating no more than two turbines. There as is

113 That’s why Germany — the EU*s biggest NATO member- is waffling about what “we” should do when Mr. Putin
decides to reannex most or all of what remains of the Ukraine.
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the case in many other countries, its wind turbines are approaching the end of their roughly 20-
year lifetimes, making decisions about whether to scrap or upgrade them increasingly relevant.

Since the late 1970s Denmark has offered a feed-in tariff that guaranteed its producers a fixed
price per kWh of wind energy generated, whether their turbines were new or old. Since 1999,
additional replacement certificates have incentivized upgrades.

Both policies significantly impacted small producers' shutdown and upgrade decisions and
accelerated the development of Denmark'’s wind industry. Without them, most of its small-scale
wind producers would have left the industry by 2011, concentrating production in larger wind
farms (Cook and Lawell 2020). Its government spent $3.5 billion on the feed-in tariff program
from 1980-2011 and as much as $114 million on replacement certificates. Together, these
programs reduced carbon emissions by 57.4 million metric tons of carbon dioxide.

For every metric ton of carbon dioxide avoided, the feed-in tariff costs Danish taxpayers $61.8,
compared to $2.2 million or less for the replacement certificates. However, Cook and Lawell’s
study determined that replacement certificates were far more effective than the feed-in tariff in
encouraging its small producers to stay in that business and thereby continue to help Denmark
reduce its carbon emissions.

A video produced by Denmark’s University of Aalborg suggests that its leadership is even more
enthusiastic about renewables than is Germany’s — its goal is to completely power itself with
them by 2050 (Smart 2012). To accommodate wind & solar’s unreliability, virtually everything
will have to change including the need to devote much more land to producing biomass crops
which in one way or another are supposed to supply about 50% of its total energy. All homes
must become especially efficient energy-wise (e.g., super insulated) and mostly heated with
“waste” heat generated with biofuel-fed centralized Combined Heat & Power (CHP) plants.
More widely dispersed homes/businesses are to heated/cooled via heat pumps coupled to water
within gigantic buried pipe arrays'!*. Electrified public transportation systems will largely
replace POV s though some BEVs will be permitted , especially if better/cheaper batteries are
developed . All light vehicles, trollies & trains are to be electrified. Heavy vehicles (trucks),
airplanes, & ships are to be fueled with synfuels (e.g., methanol, DME, &”oils)” made from

114 Air sourced heat pumps are pretty much useless when outdoor temperature is below ~ -10 degrees C. On the
other hand, ~200 meter deep, ground-sourced heat pumps have a COP ( coefficient of performance) of ~4 all year
round. . They cost a lot more to install than do air sourced heat pumps which are themselves much more expensive
than resistance-heated electric furnaces.
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biomass-derived “green gas” & coz reacted with Hz generated via water electrolysis whenever
the wind is blowing. As is also the case with the USA ‘s Professor Mark Z. Jacobson’s’ lovely-
sounding green scenarios, everything is to be accomplished without grid scale energy storage,
any sort of fossil fuels, or nuclear power.

As does Germany’s, Denmark’s leadership tends to overreact to any sort of perceived threat. For
example, during November 2020 its mink farmers were killing 17 million of their furry little
charges because mink can catch Covid-19 from humans and are living under conditions
employment that cause rapid disease spread like those of many of the USA’s “essential”
workers workplaces and thereby raised the probability of mutations that could render vaccines
developed to fight the original virus useless. While scientists told Denmark's Berlingske Tidende
newspaper that such viruses had not been detected since September, the head of Denmark’s
health authority, Soren Brostrom, said the risk was too great while the virus was spreading
among the mink population & and therefore issued a nationwide culling order. However, after
that order had been followed, the government then turned around and admitted that it lacked the
legal framework for a nationwide order and only had jurisdiction to cull infected mink or herds
within a safety radius. "It is a mistake. It is a regrettable mistake," said Prime Minister Mette
Frederiksen as she apologized to parliament. https://www.bbc.com/news/world-europe-
54890229

However, the USA has much to learn from Denmark with respect to the intelligent use of energy.
Combining the production of electricity (combined heat and power) and heat for district heating
is widely used throughout both Denmark and the rest of Scandinavia as are efforts to optimize
their uses. Wise policies have rendered Danish homes much better insulated than are the USA’s
and its citizen’s vehicles are more fuel efficient. Its Avedere Power Station’s combined heat and
power station can cleanly burn coal, petroleum (oil, natural gas, and a wide variety of biomass
fuels including straw, wood pellets , and (I’'m just guessing here) miscellaneous wastes such as
pelletized paper and plastics. Its off-gas cleaning system also produces a calcium sulfate
plaster/plasterboard byproduct.
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Figure 16 European Union Electricity Costs (LEU=$1.3)
It’s no coincidence that Denmark’s electricity now costs almost as much as Germany’s.

Macron 'disconnected from reality' as he snubs EU and launches project to counter Russia |
Science | News | Express.co.uk

At COP 26 France joined nine other countries in a call for nuclear energy to be included in the
framework of the European “taxonomy” before the end of 2021.

Its President Emmanuel Macron argued that nuclear power represents a key part of
decarbonizing the world’s energy supply and announced that France will build new nuclear
power plants to ramp up its energy security. This was happening while the EU’s energy prices
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were (and still are) spiraling out of control and its dependency upon Russian gas became more
apparent after those supplies were cut back.

However, that didn’t please other EU energy policymakers. Five EU countries form anti-nuclear
alliance at COP26 — EURACTIV.com Inthe face of that French-led campaign, five other EU
countries Germany, Denmark, Portugal, Luxembourg, and Austria banded together to urge the
European Commission to keep nuclear out of the EU’s green finance taxonomy. "We are
concerned that including nuclear power in the taxonomy would permanently damage its
integrity, credibility and therefore its usefulness,” their statement reads.

That issue is particularly sensitive for Germany which was without a government since its
September election and public opinion still largely supports its planned 2022 nuclear exit,
decided in the wake of the Fukushima disaster’s “safety” issues. At COP 26, Germany’s
environmental Minister Svenja Schulze said: “We don 't want nuclear energy, we don’t consider
it sustainable, and we don’t want the EU to support it either.” According to Schulze, nuclear
power is not a solution in the fight against climate change because scaling it up to the required
level would take too long and be far too expensive.”

Unfortunately, there are several kernels of truth in her pronouncements because in the world that
her like-minded allies’ policies & actions have created (not Russia), nuclear power is indeed
unsustainable, too expensive, and would take too long to expand sufficiently to address the EU’s
energy-related conundrums.

The EU’s “Taxonomy” is a list of economic activities with performance criteria to assess the
activities’ contribution toward six environmental objectives — climate change mitigation;
climate change adaptation; sustainable use and protection of water and marine resources;
transition to a circular economy, water prevention and recycling; pollution prevention and
control; and protection of healthy ecosystems. In other words, it describes what can be
considered "green" by the EU’s lenders and investors.

As of January 2022, the worldwide surge of interest in the electric-car industry continues to feed
an even bigger surge of interest in financing the entire world’s “ green transition” - in 2020
Tesla's shares rose 50% and those of China's battery giant, CATL, rose by 68%. Unfortunately,
Green-type fund management is rife with "green-washing", its sustainability-rating schemes are
wildly inconsistent, and many of its fund managers are misleading investors about their LLC’s
green credentials. The rationale behind the EUs taxonomy” is that private funds and firms will
employ its scheme to disclose what share of their proposed activities qualify as green, and that
such clarity will help unleash a flood of voluntary capital. On December 3, 2021, the European
Commission circulated its almost-current thinking. Its experts indicated that the world’s movers
& shakers are planning to be spending at least $2.5 trillion per year to 2050 to meet the promises
they had just made at COP 26. The Economist ’s main criticism is that it’s likely that we’d have
to spend at least twice that much (5 trillion/year) to succeed.
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Of course, that shouldn’t be necessary if the EU leadership’s paradigm were to switch to
another that’s both much simpler and more likely to work.

(2050-2022) years times $2.5T/year = $70 Trillion which would/should be enough to buy
17,500 full sized (1 GW,), genuinely “green” nuclear power plants (both So. Korea & China
can build them now for ~$4B/GW1 — before it decided to hamstring itself, the US used to be able
to build them for under $2B/GW)

South Africa’s energy futurists (Nuclear 2019%) predict that by 2050 its electrical sources will be
as follows: 20.4 GWe of nuclear capacity (up from today’s ~1.8 GWe) is to supply 30% of its
electricity from 14% of the country’s total anticipated generating capacity, coal will generate
31% from 18% of that total, wind 18% from 37.4 GWe capacity, and 6.5% from 17.6 GWe via
solar PV. The rest of its electricity, about 14%, will primarily consist of imported hydropower.
Combining those

Table 3 South Africa's anticipated power circa 2050

Nuclear (GEN 11 or 1l LWRs) 2.143 1

Coal fired thermal 1.891 0.88235
Wind 0.481 0.225
Solar PV 0.369 0.1723

(ref. World Nuclear 2019

numbers translates to a total anticipated generating capacity of about 161 GW [20.4/.14/0.9
where 0.9 approximates a LWR’s CF] — over three times today’s - and suggests that the relative
yearly capacity factors (reliability) of its electricity sources will be as depicted in Table 3’s third
column.,

“Unfiltered” data like those of Figure 19 demonstrate why it is both irresponsible and callous for
many of the “first world’s” energy experts to persist in insisting/pretending that any affordable
combination of intrinsically unreliable renewable energy sources — windmills, solar panels, etc. —
could provide the energy required by 11.2 billion people each possessing a fair/equal share of a
totally connected, cleaned-up, and “rich” technological civilization.

While it would indeed be possible for rich people in temperate climates to be comfortable during
blackouts within their well-insulated, properly windowed/oriented homes equipped with
especially efficient appliances and 12-20 thousand dollars” worth of “Power Walls” backed up
by a $10,000 “Home Standby Generator” & big fuel tank, the technological civilization that they
would still depend upon for everything else they need (transportation, manufactured goods, and
food) would still be requiring reliable, not intermittent, power to run effieicntly. Most folks, even
some of our nation’s energy experts don't seem to understand that a typical US daily work-
commute consumes about as much energy as does that commuter's home.
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3.4.2The lessons that Germany’s Energiewendel15 should teach us

Germany’s “Energiewende” (the energy transformation) calls for a nuclear-free and carbon-
reduced economy through a vast deployment of renewable technologies to be mostly paid for
with Feed In tariffs (FITs) guaranteeing long-term (usually for 20 years) fixed payments per
unit of renewable energy produced. Its policies resulted in changes that have caused profound
unintended consequences for Germany’s stakeholders. While they did create an impressive roll-
out of new renewable energy suppliers and nominal maximum power capacity, they also reduced
the overall system’s reliability, significantly increased energy prices to retail customers that
weren’t granted special rates because they were “too big to fail””, as well as value loss for other
power consumers, both renewable and reliable energy producing companies, electric utilities,
financial institutions, and investors (see germany_lessonslearned final _071014.pdf
(ourenergypolicy.org)).

US and German people have much in common both good and bad. A tendency to overly
politicize technical issues and therefore believe in & do dumb things exemplifies the latter
characteristic. That is the reason why neither country has recently supported the implementation
a genuinely sustainable nuclear fuel cycle - one capable of cleanly “burning” either natural
uranium or thorium and therefore able to adequately power themselves indefinitely. Worse,
they’ve both embraced regulations and policies that discourage/foil their citizens from trying to
do such things themselves.

Because its plethora of renewable sources & friendly neighbors often can’t supply nearly enough
power, Germany depends massively on imported natural gas primarily from Russia land-based
(about 40%) & Norway’s North/Norwegian/Barents seas gas fields (~35%). Russia’s invasion of
Ukraine will hopefully cause its decision makers to rethink their stance on nuclear power1e.

Germany is the world’s sixth largest total energy consumer and Europe’s largest electricity
market. It is also the world’s fifth-largest oil consumer which fuel accounted for “only” 34.3% of
its total energy use in 2018 because gas provided another 23.7%. The majority of both of those
fuels is imported — oil from Russia, Norway and the United Kingdom, and gas from the
Netherlands, Norway, and Russia. Due to its own abundant “hard” (bituminous) coal deposits
Germany had traditionally burned it to generate most of its power. However, domestic hard coal

115 «“Energiewende” translates to "energy transformation". According to some German intellectuals the underlying
motivation for their country’s renewables experiment, is to get over their guilt for the Holocaust and World War I1.
“Germans would then at last feel that they have gone from being world-destroyers in the 20th century to world-
saviors in the 21st,” noted a German reporter for Handelsblatt.

116 Here’s a brilliant explanation of how that invasion came to be Gravitas Plus | Explained: The Russia-
Ukraine crisis - YouTube
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mining has been almost phased out because: 1) it is now more expensive to deep-mine such coal
in Germany than it is to import it from China and Australia, 2) the old power plants burning it
were inefficient and grossly environmentally impactful.

Germany’s green energy transition (“Energiewendie”, usually acronymed EEG) was officially
launched by its newly elected Green government in 2000. Back then, there was still talk about
transitioning to a “competitive” energy supply system that wouldn't cost anyone more ""than an
extra scoop of ice cream per month”. In the wake of Japan's tsunami-caused Fukushima disaster,
in 2011, Germany declared that it would shut down all seventeen of its nuclear power plants by
the end of 2022 and generate >80% of its electricity and >60% of its primary energy with
politically correct renewables by 2050 (the Economist 2020). Ten years later (2021), its three
remaining nuclear-fired power plants are still supplying 12% of its electricity.

Under its plans, those plants, with combined capacity of 4,200 gigawatts (GW), were to be
totally shut down by the end of 2022. That hasn’t happened yet (March 2022) because Russia’s
war on the West temporarily injected a degree of sanity into German politics.

Consequently, its people have since spent ~$600 billion on wind, solar and biofuel-type
renewables and, with the help of its neighbors (primarily Sweden, Norway, and France), recently
managed to achieve ~38% green electrical (not total) energy. However, it’s also rendered its
electricity nearly twice as expensive and ten times more carbon-intensive than is France’s.
Between 2011 and 2017 the shutdown of 10 of Germany’s 17 nuclear reactors ballooned its retail
electricity prices while its total carbon emissions stabilized!!” because more local & easier/safer
to mine brown (lignite) coal and imported (mostly from Russia) natural gas was burned in lots of
new thermal power plants (see Figure 18)18,

Since 2000, electricity prices have more than doubled for Germany’s private consumers and
trebled for most of its industries. Accordingly, many of its industrial movers and shakers have
threatened to shift their production, jobs, and tax revenues abroad.

In 2000, 6.6 percent of Germany's electricity came from renewable sources; in 2019, the share
reached 41.1 percent. In 2000, Germany had an installed capacity of 12| gigawatts, generating
577 terawatt-hours, 54 percent as much as its suppliers theoretically could have generated

117 «Stabilized” assumes that only the CO; generated by burning that coal is counted. In reality, it’s likely that
Germany’s atmospheric impact has increased because coal strip mining always releases a great deal of coal bed
methane which starts off as a ~150 times more impactful GHG than is CO;
https://en.wikipedia.org/wiki/Coalbed_methane.

118 Similarly in 2014 the US state of Vermont shut down its only nuclear reactor and switched over to gas which
brilliant move raised its per capita CO, emissions by ~5%. lowa’s energy geniuses have done the same things.
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(nation-wide capacity factor =54 %). In 2019, Germany produced just 5 percent more (607
TWh) electrical energy, but its installed capacity was 80 percent higher (218.1 GW) because its
consumers must now support two generating systems one of which is intrinsically unreliable.
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Figure 17 Germany's power generation (https://www.iea.org/regions/europe )

Its new system, based primarily upon unreliable wind and solar power, accounted for 110 GW,
nearly 50 percent of Germany’s total installed capacity in 2019, but operated with an average
capacity factor of just 20 percent including ~10 percent for solar. The latter is not surprising
given that large parts of that country are as cloudy as is the USA’s city of Seattle. Size-wise its
parallel, intrinsically reliable, and primarily fossil-fueled power system remains almost intact,
retaining nearly 85 percent of 2000 AD’s original net generating capacity. Germany must keep it
going to satisfy nearly half of its average electrical energy demand and essentially 100% of it on
cloudy and calm days. Consequently, its current reliable energy supply system’s capacity factor
is much lower than was its progenitor’s.

It costs Germany’s citizens a great deal to maintain such an excess of installed capacity. The
average cost of electricity for German households has doubled since 2000. By 2019, its average
citizens had to pay 34 U.S. cents per kilowatt-hour, compared to 22 cents per kilowatt-hour in
France and 13 cents in the United States.
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It’s not hard to measure how far the Energiewende has pushed Germany toward its ultimate
decarbonization goal. In 2000, it got nearly 84 percent of its total primary energy from fossil
fuels; that share fell to about 78 percent in 2019*°. If extrapolated to 2050 , that rate of decline
would have fossil fuels still providing nearly 70 percent of the country's primary energy supply.
Meanwhile, the probability of large-scale blackouts is increasing because the scheduled
shutdowns of Germany’s intrinsically reliable “dirty” fuel-burning and “clean” nuclear power
plants continues apace. According to German think tank “Agora Energiewende” that country’s
total GHG emissions from electricity generation increased by one-quarter (21 million tons) in the
first half of 2021 Gas-fired power plants increased 15%, its new coal power plants by 36%, and
hard coal power plants by 44%. Its experts say it was because Germany’s economy is growing
more during its post-Covid recovery. "Overall, the recovery in demand is by far the main factor
behind the increase in fossil fuel generation”. However, that pollution increase was also due to
a lack of wind which had generated just 46.8 terawatt hours during those months, well under the
59.4 TWh produced by the same wind farms during the first half of 2020. Offshore wind
generation also dropped by 16%, to 11.7 TWh, during that period.

During the 1970’s Germany started carving out giant open pit mines for lignite (brown) coal,
destroying down forests, farms, and villages along the way (Figure 18). The largest of these, the
Hambach Mine, currently covering ~8000 ha and nearly 1,500 feet deep, is Europe’s biggest
man-made hole. Everything about it is gigantic. The huge bucket-wheel, open pit mine,
excavators crawling across its bottom are taller than the Statue of Liberty, longer than Madison
Square Garden, and heavier than the Eiffel Tower. They hold aloft wheels 70 feet in diameter
each with 18 massive buckets along its edges each capable of digging 6 1/2 tons of soil per
revolution (Peters 2014). The local scenery featuring several of these ~14,000 tonne mechanical
monsters crawling around within their devastated surroundings reminds visitors of the barren
worlds depicted in apocalyptic science fiction movies. That mine produces 30-40 million tons of
brown coal per year, and, since Germany has decided to junk its nuclear power plants, is
expected to keep doing so for another 25-30 years although its leaders have solemnly promised
to switch to 80% “clean” electricity and its strip-mined lignite is dustier (but cheaper ) than was
its deep-mined hard coal.

Germany’s current economics minister Peter Altmaier faces the “wicked” (unsolvable) problem
of trying to work out a compromise between Germany’s green true believers and its rational
energy experts. An English translation of the term used to describe what that compromise would

119 1n the US, coal, natural gas, and nuclear fission generated approximately 88 percent of its electricity, with coal
contributing almost 50 percent . By 2018, coal, natural gas and nuclear represented 82 percent of the total with

27% from coal and 36% from natural gas. In 2006, solar and wind supplied one percent of the total rising to ~8% by
2018. ( Electric Transmission Incentives Policy under Section 219 of the Federal Power Act, Notice of Proposed
Rulemaking,170 FERC { 61,204.
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entail would be "top straightening’’ - a soothing-sounding term for the involuntary dumping of
consumers from the electrical grid whenever there is a shortage (here in the US, it’s called "load
shedding" or “demand control”).

Localized blackouts (aka “demand control” or “load shedding™) have repeatedly been happening
in recent years - but to date has mainly affected only Germany’s large industrial consumers such
as its aluminum plants and steel rolling mills.

In the future, other industries and private end-users are to be subjected to preplanned load-
shedding. Meanwhile as Germany’s eminently politically correct green energy transition
continues, its total electricity consumption is to sharply increase and 100% of its nuclear power
plants are to be mothballed.

A first attempt bill that was supposed to bring some order into Germany’s eminently foreseeable
future blackouts was rejected by all parties involved in decision-making. That’s not surprising
because who wants to be separated from the power grid, shortage of electricity or not? But in the
end, it doesn't matter because neither wind nor sunshine - the sources of most of Germany’s
imaginary 100% green future energy - obey Mankind’s laws/wishes and certainly won’t in the
future. Laws formalizing Germany’s "top straightening " schedule would just be a sham anyway
because where there is no electricity, you can't distribute electricity.
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Figure 18 Germany's “new” substitute for its nuclear plants

Germany’s fundamental problem is that doesn’t possess good wind or solar energy resources.
The red line across the top of Figure 19 represents Germany’s then still rapidly growing wind
power “capacity” during 2011 — the blue spikes under it represent total power so produced. Its
wind power system’s mean yearly capacity factor was about 0.16 and there were many times
with essentially no wind power anywhere across the entire country. This is consistent with
Handschy et als’ conclusions/observations (Handschy 2018), i.e., that it’s not right or
conservative, or safe, or..., to assume that strong winds will always be blowing somewhere
within any such system. . Germany’s wind electricity was 20%v lower during the first half of
2021 than the first half of 2020, resulting in a 24% higher use of fossil fuels and 28% greater
GHG emissions from electricity German Emissions From Electricity Rose 25% In First Half Of
2021 Due To The Lack Of Wind Power, Not Willpower (substack.com) . Coal was again its
number one electricity source in the first half of 2021, comprising 27% of the total.

Another “secret” that the US wind power industry keeps close to its chest is that wind turbines
often “freeze up” when their power is most needed (Gao et al 2021)*?%, This uncomfortable truth

120 nuclear and coal-fired power plants use the same “hyperbolic” evaporative cooling towers.

121 "Despite the high wind, iced-up wind turbines were found to rotate much slower and even shut down frequently
during the icing event, with the icing-induced power loss being up to 80%.". Because the lowa State University
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contributed to the severity of the power blackouts experienced from North Dakota to Texas
during February 2021°’s “polar vortex”.
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Figure 19. Germany’s total real time wind power generation throughout 2014 Source:
http://www.vernunftkraft.de/85-prozent-fehlzeit-windkraftanlagen-sind-faulpelze/ :

Germany’s impressive “solar power capacity” figures are even more misleading. During 2011,
its cumulative PV capacity of 29.7 GW provided only 18 TWh of electrical energy
(https://en.wikipedia.org/wiki/Renewable_energy in_Germany) corresponding to a yearly-
averaged CF of under 7% [18*3.6E+15/(29.7E9*3600*24*365)=0.0693] — that’s under one
third of that achieved in places like northern Africa’s or California’s deserts. Production is

considerably lower than that during Germany’s notoriously cold and dark winters (see Figure
20).

researchers drawing that conclusion had been denied access to lowa’s corporately owned/controlled ~6100 wind
turbine fleet, they had to do their icing studies in China. lowa’s turbine owners apparently did not want the grid
operator (MISO) or the public to see real data and there’s no law forcing them to tell the truth, the whole truth, and
nothing but the truth. In many jurisdictions wind power generators get credit/payments for “assured capacity”—
usually a small fraction of its rated capacity. A study showing that turbine output is drastically reduced even when
the wind is blowing would imply that such capacity is under that advertised and what its owners are currently being
paid for. The other concern is liability. Ice thrown from a big turbine’s blades can kill people up to about a half mile
away. However, since such ice conveniently melts, unless such damage is immediately documented, courts won’t
award damages or impose limited operations during icing conditions. There are no easy fixes for this trans scientific
issue — it’s too “wicked” for legal minds to solve.
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Figure 20 One of the Energiewende's great new jobs
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Figure 21: Typical variations in European wind power generation on different
geographical scales (figure courtesy of Juha Kiviluoma)

Figure 21 displays one week’s worth of Europe-wide wind power data during 2010. The leftmost
figure depicts typical variations in wind power generation on different geographical scales
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(figure courtesy of Juha Kiviluoma). The right shows two years (2010 and 2011) of hourly data
sorted by generation level. The aggregated generation of four European countries was created by
calculating a weighted average of capacity factors for each hour (Germany’s weight was three
because it is a bigger country demand-wise; the others were each assigned a weight of one).

Another problem is that Germany’s nuclear plants are in its south and its wind is in its north.
Closing its nuclear plants is causing a huge transmission flow problem meaning that it has had to
halt its windfarm growth due to transmission constraints. Its solar energy is constrained by lots
of cloudy weather, so its solar investments aren’t looking good either. Because its wind is so
variable Germany must rely upon imported Nordic hydropower to the maximum extent possible.
What has everyone there worried is that closing its nuclear plants will force Germany to
purchase even more Russian gas - to avoid that Germany has had to keep building new lignite
coal-burning plants (Figure 18).

Other than its excessive costs, the main problem with Germany’s post-Fukushima energy
muddling is that it’s encouraged many of the western world’s other technically challenged
political decision/rule makers to also assume that unreliable power sources can “back up”
unreliable sources and therefore adopt policies that render “privatized” already-paid-for reliable
power plants uneconomic and therefore a liability to their owners.

The conclusion of a recent independent professional engineering firm’s analysis of Germany’s
much heralded “energy revolution” were as follows (Mckinsey 2019):

. Germany still generates only ~35% of its electricity with its renewables. If biomass
burning, which is often dirtier than coal burning is excluded, Germany’s wind, water, and solar
electricity accounted for ~27% of its electricity generation in 2018.

. In 2018 — eight years after the Energiewende’s Fukushima-inspired enabling legislation
was passed — Germany was still generating 866 million metric tons of carbon dioxide per year,
far short of cry from its 2020 ,750 million tonne, goal.

. Because many of its rural citizens are getting fed up with its ever-growing intrusive
“wind parks”, more Germans are protesting the building of even more — and often even taller
— wind turbines in their neighborhoods. There is also steadfast resistance to building the
massive new grid infrastructure required to transport their electricity from wherever it’s
generated to wherever it’s needed. A 2014 study carried out for the Western Electricity
Coordinating Council estimated a cost of nearly $3 million per mile for a typical high-tension
line. Moreover, because transmission efficiency goes down linearly with distance and as the
square of the current, losses for a typical high voltage line are 5% to 10% per 1,000 miles.
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According to Germany’s calculations, nearly 3,700 miles of new power lines would be required
to make its Energiewende work. By the end of 2018, only ~93 miles of that network had been

built!?2,

. Its plan risks more than just supply shortfall because it could also prevent Germany from
properly addressing climate change. By shutting down its nuclear plants faster than those burning
coal, Germany is consigning itself to dependence upon both its own and imported fossil fuels.

. “Only short-term imports from neighboring countries were able to stabilize its electrical
grid”
. "The ongoing phase-out of nuclear power by the end of 2022 and the planned coal

withdrawal will successively shut down further secured capacity”

. "In the medium term, there is a risk that there will not be enough supply capacity within

the EU’s entire European network which could happen within five years and continue to worsen
until 2030."d

. "It can be assumed that security of supply will continue to worsen in the future.”

d “Due to energy supply shortages, the highest cost of the imported short-term (spot)
"balancing energy" required to address short falls in renewables output skyrocketed from €64 in
2017 to €37,856 in 2019~

122 pegple almost everywhere would resist the building of sufficient new ultra-long distance power transmission
capability to render a 100% intermittent-sourced green energy system workable. Aside from earthquakes, solar & ice
storms, derechos and other natural events, all 100% renewable energy scenarios assume no seriously pissed-off land
“stakeholders” because the driver of any big truck could take out their nation’s biggest DC transmission line by
simply ramming one of its towers. There are also all sorts of explosives and cutting tools—from cutting torches to
abrasive wire cutters - available to anyone who really wants to raise heck. There are also many ways of shorting out
a distribution system’s wires — e.g., a bow and arrow could launch a light line attached to/followed by a stronger line
followed by a conducting line. The Book "Powerline: The First Battle of America's Energy War", Barry M. Casper
and Paul David Wellstone, Amherst, MA: The University of Massachusetts Press, 1981, ISBN 0-87023-321-1 and
ISBN 0-87023-320-3, tells the story of how US corn belt farmers sabotaged the first HVDC line that was to be built
through their region four decades ago. All they had to do to kill that project was blast its insulators with their deer
rifles - insulators are relatively easy to replace but transformers are not (also see
https://www.greentechmedia.com/articles/read/the-subtle-art-of-making-substatio-bulletproof ) The recent
shutdown of one of the USA’s biggest oil pipelines due to Russian internet hostage-taking serves as a warning about
big long-distance transmission systems. The bigger the system, the greater its security requirements must be if it is
to remain “safe”.
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One of Germany's largest newspapers, Die Welt, summarized the conclusions of Mckinsey’s
report 2020 with a single word: "disastrous."

Germany’s increasing energy insecurity is exacerbated by the fact that its neighbors Belgium
and the Netherlands may also choose to shut down politically incorrect baseload power facilities,
coal plants in the Netherlands and nuclear plants in Belgium.

The conclusions of the latest Fraunhofer Institute meta-analysis of Germany’s efforts (Senkpiel
et al 2018) were as follows:

“Several conclusions can be drawn from this analysis: The current reduction in primary
energy demand between 2005 and 2016 shows that the co. emissions target of 80% reduction in
the year 2050 may be met if the current reduction trend continues. However, the trend is
very unstable, as data of the last three years even show an increase in co. emissions. Higher
emission reduction targets require an accelerated effort to decrease the primary energy demand.
In addition, that development is dependent on a multitude of factors, including political decisions
and socio-economic aspects. Wind energy and photovoltaics are mature technologies. If the
historical trend is extrapolated, these technologies show a tendency to reach the installed
capacities at the lower end necessary to meet the emission reduction targets of 80%. It is
therefore questionable, whether this will be enough to reach the emission-reduction target.
Biomass energy may not be expanded to a large extent due to limitations in the resources.
Hydropower is a mature technology which will probably not be further exploited in the future
due to the fact that the potential is almost fully exploited. Geothermal usage in Germany is
promising, but there is no widespread use up to now. Wind energy and photovoltaics are
mature technologies. If the historical trend is due to limitations in the resources.
Hydropower is a mature extrapolated, these technologies show a tendency to reach the
installed capacities at the lower end necessary to meet the emission reduction targets of 80%. It
is therefore questionable, whether this will be enough to reach the emission-reduction target.
Biomass energy may not be expanded to a large extent due to that resource’s fundamental
limitations. Hydropower represents a mature technology which will probably not be extensively
expanded either because its potential is already almost fully exploited wherever it makes sense to
do so. Geothermal usage in Germany is promising, but there is no widespread use up to
now.” ... Pumped hydro storages are mature and well developed in Germany. Due to a
limitation in available land and social acceptance, a further development of pumped hydro
storage is not foreseen. All studies show a massive development of usage of batteries for
electric vehicles. In the studies where stationary batteries are analyzed, a massive increase of
installed capacities is proposed. Power-to-X technologies are at pilot project or demonstration
project status and are expected to play a major role in the energy sector with high shares
of renewable energy technologies. However, due to the currently small numbers of installed
capacities the projection of future development comes with an even higher uncertainty.”
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Another of the Energiewende’s consequences is that between 2004 and 2011, ~ 2700 km? of
Germany’s natural grass and woodlands were ploughed up to plant 7000 km? of new maize-
fields to meet biomass energy goals. This sort of “land use change” inevitably releases huge
amounts of greenhouse gases (mostly CO>) and severely impacts both biodiversity and
groundwater recharge potential (Ukhanova 2018).

Consequently, another of the Energiewende’s consequences is that it’s likely that >1,000
additional Germans are dying every year due to the ~12% increase in local air pollution
engendered by its bevy of new lignite-fired peaker power plants built to back up its windmills
(Smith 2020). That point was also brought up in an excellent ~10 minute long British YouTube
video entitled , “How Many People Did Nuclear Energy Kill? Nuclear Death Toll*
https://www.youtube.com/watch?v=Jzfpyo-g-RM&feature=youtu.be .

The “technical” reason for Figure 18’s environmental devastation is that coal has far less mass-
wise energy density than does uranium. Some lignite coals contain over 400 ppm uranium see
Uranium-bearing lignite in southwestern North Dakota (usgs.gov) meaning that far more power
could be generated by “burning” it in a breeder reactor than by combusting the coal’s
combustibles. Since German brown coal is supposed to have a heat of combustion of ~16.9
kJ/gram and each atom of uranium “burned” in a breeder reactor generates ~3.1E-11 J, breeder
reactors fed with a relatively “low grade” 100 ppm uranium bearing lignite coal would require
mining of only ~ 0.2%'2% as much of it to satisfy Germany’s energy demand (Figure 22 puts this
into perspective).

123 energy from 1 g coal combustion/1 g 100 ppm U coal = 16.9E+3/(100E-6*6.023E+23/238*3.2E-11)=0.0021
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Figure 22 Comparing fuel energy densities
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3.4.3 Green power’s cost issues

The electric energy sector is generally expected to be the linchpin of efforts to reduce greenhouse
gas emissions. All credible pathways to climate (GHG) stabilization pose two challenges: cutting
emissions to nearly zero (or even net negative) by mid-century and expanding the system to
electrify and thereby decarbonize a much greater share of total energy use. Consequently, a
flurry of studies has explored pathways to ‘‘deep decarbonization’’ of that energy sector. For

124 In light of almost everything else that Angela Merkel has done, this “question’s” answer is surely “no”. Despite
earlier opining that closing nuclear was "a mistake", Chancellor Merkel had to join with another political party (the
Greens) because she needed to form a government — her then-new job. However, the old saying, "The road to Hell is
paved with good intentions." is mirrored by, “The road to redemption may lead back to Hell”. In view of this
coming winter’s looming EU-wide energy crunch, with Mrs. Merkel finally off the stage, Germany is vulnerable to
returning to another totalitarian dictatorship that promises to solve all the problems created by some of the last
decade’s “liberal” green agendas. Germany is especially prone to the sorts of bi-polar cultural swings that also
happen elsewhere including right here in the good ol’ USA.
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that to happen in today’s world, implementation must represent an attractive investment to
whoever’s funding the required new infrastructure. In today’s mostly privatized “free” world,
that translates to governmental subsidies sufficient to mitigate investor risk and guarantee profits.

"1 will do anything that is basically covered by the law to reduce Berkshire's'?® tax rate. For
example, on wind energy, we get a tax credit if we build a lot of wind farms. That's the only
reason to build them. They don't make sense without the tax credit."

Warren Buffett: CEO Berkshire Hathaway

In the USA, subsidies typically comprise ~%; rds of a US wind farm’s asset value — the rest is its
product electricity’s anticipated market value. Indirect subsidies comprise tax rebates
implemented via loan interest and Modified Accelerated Cost Recovery System (MACRS)
depreciation deductions from taxable income. Direct subsidies are up-front federal and state
cash grants, total or partial waiving of state sales taxes, local property, municipal, and school
taxes. (Sherlock 2019).

Here’s a list of the subsidies that have attracted big money interests to wind energy (Schleede
2005).

Federal Accelerated Depreciation
Federal Production Tax Credit
Reductions in “wind farm” owners’ state corporate income tax liability
Property, sales and other state and local tax reduction or elimination
“Public benefit funds”
Renewable Portfolio Standards” (RPS)
Mandated “green energy” purchases by distributors
“Voluntary” programs offering “green” electricity at a premium price
Other state utility commission actions that subsidize “wind farming”
10. Industrial Development Bonds to Finance privately owned wind farms
11. Curtailment fees (producers are paid for shutting down their facility when its energy
can’t be used by the grid’s customers)

©ooNoe R wNRE

The thing that most decision makers, politicians, and “environmentally concerned” citizens don’t
seem to realize is that the cost of adding additional renewable energy sources to an existing
power grid invariably adds to, not subtracts from, the cost of its electricity to consumers but not

125 Berkshire Hathaway is the parent organization of MidAmerican Energy ‘s 1.6 million billed customers. Believe
billionaires like misters Buffet & Gates-- they've no need to lie.
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to its distributors (Figure 21). It’s most harmful in already-renewables-saturated power systems
like those of Denmark, Germany, and California.
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The true cost of electricity from wind is much higher than wind advocates admit. Wind energy
advocates ignore key elements of the true cost of wind electricity, including. ..

:*The cost of tax breaks and subsidies which shift tax burden and costs from “wind farm” owners
to ordinary taxpayers and customers.

*The cost of providing backup power to balance the intermittent and volatile output from wind
turbines. China’s statistics during its summer and winter high-demand periods, indicate that the
combined output of wind and solar sources is generally below 15% of their nominal capacity
60% of the time. During Hunan Province’s winter of 2020, the electric load was historically
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high due to heating loads, while more than 80% of its wind turbines were frozen and unable to
serve the grid. As also happened during Texas’s February “polar vortex”, Hunan’s wind output
was under 2% of its wind farms’ nominal capacity, contributing little to resource adequacy.

*The full, true, cost of transmitting electricity from wind farms to electric customers and
the extra burden on grid management.

Scatterplot, Electricity Cost vs. Installed Renewable Capacity
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Figure 23 Costs of adding additional renewable power

Just over the border in Ontario the average contractual cost of generation (does not include
unreliable source system integration costs) in Canadian cents (~0.75 US cent) /kWh, as
forecasted by the Ontario Energy Board for 2020 is:

Hydro 6.3 cents) /kWh 36.4 TWh, (includes about
10% curtailment)
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8.7 cents/kWh for Nuclear 90.4 TWh

11.8 cents/kWh for Natural Gas 9.5 TWh
14.7 cents/kWh for Wind 11 TWh
47.9 cents/kWh for Solar 0.7 TWh (behind the meter

(rooftop) solar ~ 6 TWh)
26.8 cents/kWh for Bioenergy 0.4 TWh
The table below summarizes these figures and reveals the cost differences between sources.

Table 4 Ontarios' data

Type of energy generation Cost per kWh Total Output (TWh) Cost per TWh (cents
(cents) per TWh)
Hydroelectric 6.3 36.4 6.3 x 10°
Nuclear 8.7 90.4 8.7 x 10°
Natural Gas 11.8 9.5 1.18 x 10%
Wind 14.7 11 1.47 x 10%
Solar 47.9 0.7 4.79 x 101
Bio-energy 26.8 0.4 2.68 x 10%

If we sum the cost per TWh for nuclear and natural gas together (2.05 x 10° cents/TWh) and
compare it to the sum for wind, solar and bio-energy (8.94 x 10° cents/TWh), the cost is almost
4.5 times higher per TWh for renewables. This is a powerful illustration of the massive costs
associated with those “clean” but unreliable energy sources.

These numbers show that substituting wind, solar and bioenergy for a combination of base-load
nuclear and “peaker” natural gas would severely impact that Province’s ratepayers. The majority
of Ontario’s already-built new wind farms’ output is 1) either totally wasted or causes its run-of-
the-river-type hydropower energy to be wasted, or 2) is sold to the USA for few percent of what
its own utility ratepayers are billed for their electricity.

MISO the USA’s “Midcontinent Independent System Operator” (one of the USA’s three biggest
ISOs with a tie-in connection to Ontario via Michigan and Minnesota) has just published
(February 2021) a study of what the impact of adding more renewables to its grid would be. Its
217 page report can be downloaded at  https://www.misoenergy.org/planning/policy-
studies/Renewable-integration-impact-assessment/#t=10&p=0&s=&sd=

That “Renewable Integration Impact Assessment” (RIIA) points out that as renewable energy
penetration increases, so does the variety and magnitude of the bulk electric system’s needs and
risks. It concluded that managing the system under such conditions, particularly beyond the 30%
system-wide renewable level “is not insurmountable but will require transformational changes
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in planning, markets, and operations”. Through coordinated action with MISO’s stakeholders,
its authors also concluded that renewable penetration beyond 50% would be “possible”.

Those changes represent the additional “system integration” costs that intermittent renewables
impose upon an electrical grid. Those costs are rarely considered or included in the contractual
energy costs that the proponents of such sources use to claim that their growth scenario would
be cheaper per kwWh than would adding more of the traditional and more dependable, thermal-
type power plants. The latter “old fashioned” technologies inherently provide the reliability and
dynamic stability which is neither recognized nor compensated for in fully privatized electricity
markets like Texas’s ERCOT.

The real issue with even well-conducted modeling exercises like MISO’s is that its experts were
paid to study the wrong scenario, i.e., determine how much more of today’s most-favored
renewable energy sources could be added to its system before its costs became intolerable rather
than come up with the most affordable way to power a world that no longer burns fossil fuels and
must also somehow reduce the amount of CO; already in the atmosphere, not just the rate at
which it continues to be dumped while those resources still exist.

Studies should focus upon ultimate goals, not just upon the most affordable/attractive next
incremental step in a predetermined direction. In particular, modeling conclusions based upon
extrapolations of cost trends aren’t worth much. Things & services do and will likely continue to
cost whatever the market will bear. This article https://www.zerohedge.com/energy/wind-
energy-becoming-too-expensive points out that today’s (2022) supply chain disruptions are
reversing the trend of decreasing costs for wind and solar. In our leaders’ zeal to collapse fossil
fuels for climate change mitigation, producers have seized an opportunity to curtail supply and
force prices up. This of course rolls through the entire economy raising prices (inflation)
resulting in increased costs for everything. Increasing the cost of energy is a self-multiplying
recursive dynamic and if we do not include that in capital cost modelling we are under projecting
future costs of everything.

Any country’s political leaders, environmentalists, and system planners should be more
transparent with its citizens about the total system integrated costs of all their proposed “greener”
energy generation schemes. If its decision makers continue to ignore integration costs, its retail
electricity rates will rise faster than in countries that choose to retain traditional generation
technologies and/or develop equally reliable new & better breeder reactors. Higher retail
electricity rates will disadvantage domestic manufacturers in international trade and lower that
country’s citizens’ living standards.

3.4.4 Green energy’s waste and resource issues

Today’s most popular renewable energy sources — wind turbines and solar panels — generate far
more environment-impacting waste than do nuclear reactors per unit output.

Waste. An energy-related issue raised by today’s increasingly extreme weather is that wind
turbines shut down when the wind gets too strong and destroyed if it gets totally out of hand.
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For instance, Typhoon Usagi was a violent tropical cyclone which affected Taiwan, the
Philippines, China, and Hong Kong in September 2013. One third of the Honghaiwan wind
farm’s Vestas V47 600KW turbines (located ~130 Kilometers northeast of Hong Kong) were
blown down and another third lost their blades. It had also been hit by another typhoon ten years
earlier damaging 13 out of its then-25 turbine system causing a loss of 10 million yuan.

Solar photovoltaic panels gradually lose productivity and are expected to have useful lifetimes of
~20 years. Natural (& now becoming both unnatural and more common) events like severe
hailstorms, tornadoes, hurricanes, derecho'?s, etc. also routinely damage solar panels. For
example, in 2015, a tornado destroyed 200,000 solar modules at southern California’s "Desert
Sunlight solar farm”. More recently, Puerto Rico’s second largest solar farm, usually generating
40 percent of that island’s electricity, was severely damaged by Hurricane Maria much of
which still hasn’t been repaired four years four years later.

Figure 24 Post hurricane solar farm

126 An unprecedented four derechos have swept across where I'm living now (Iowa) in the past two years, flattening
crops, sheering off roofs and siding, and toppling utility poles. One of them was accompanied by a massive dust
storm (“haboob”), the first in this state since the 1930s Dust Bowl days.
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Also see https://energyskeptic.com/2019/wind/

The International Renewable Energy Agency estimated that there was about 250,000 metric tons
of solar panel waste in the world at the end of 2016 and that the figure could reach 78 million
metric tons by 2050. Solar panels contain lead, cadmium, tellurium, and other toxic chemicals
that cannot be removed without breaking them completely up & “digesting” the detritus in strong
acids. While their disposal often takes place in regular landfills, it is not recommended because
buried modules will eventually break and their toxic constituents leach into the soil,
compromising both drinking water and agriculture if such land were to be reclaimed and
repurposed. Solar panels can be recycled but doing so is generally more costly than is the
economic value of the materials recovered which means that it’s unlikely to happen in a
privatized economy. Considering that the ~1.8 million solar panels of a proposed 6,350-acre
solar farm in Virginia contain about 100,000 pounds of cadmium, such disposal is a genuine
cause for concern. Furthermore, even rainwater can slowly flush cadmium out of intact solar
panels. Washington is currently the only U.S. state jurisdiction requiring a panel’s manufacturer
to develop a recycling plan, but its requirements do not address ultimate disposal costs. Adding a
disposal fee to solar panel purchase costs would increase the probability that that issue is
addressed if/when the manufacturers go bankrupt. However, because such guarantees would
likely render solar panels no longer “cheap” and therefore less apt to be purchased, it’s also
unlikely to happen. Since 2016, at least seven solar panel manufacturers (Sungevity, Beamreach,
Verengo Solar, SunEdison, Yingli Green Energy, Solar World, and Suniva) have gone bankrupt
(IER 2018) which of course means that any promises made by their managers won’t be honored.

Wind turbine energy also isn't as "green™ as its champions claim (American Experiment 2019).
The average lifespan of a wind farm’s turbine is expected to be 20 - 25 years? after which its
owners should/could (but may not) repurpose and recycle 90 percent of its materials (copper,

steel, etc.) except for its gigantic blades. About 2,700 wind turbines have been decommissioned

127 There are two reasons that most turbines are unlikely to last even 20 years. The first is that, to keep their weight
and cost down, their blades are made of fiberglass which material does not hold up well to severe weather exposure.
The tips of their blades move so quickly (typ. >180 mph) that their leading edges are often destroyed within a few
years by rain, snow, ice, and dust impact. Cycles of heat and cold plus constant vibration damage structural integrity.
In short, they wear out quite quickly. Offshore turbines wear out even sooner and cost far more to both build and
maintain. The second is that a wind turbine is a highly complex mechanical and electrical device. It has a huge
gearbox connecting the blades to the generator that serves to feather (twist) the blades to control speed and provide
braking. All of this stuff is very heavy and in constant motion which grinds gears and bearings. In some regions,
generators last only a few years due to external temperature extremes (heat and cold) and internally generated
mechanical heat, magnetic forces and lubrication issues. Consequently, thousands of wind turbines have already
been burned up, broken up, or otherwise destroyed. Some wind farms requires so much maintenance that they are
not cost-efficient even with today’s high subsidies. There are lots of spectacular YouTube videos of wind turbine
failures that the industry’s champions downplay. They want us to think of them as gently and gracefully turning
“forever” without repairs or concerns.
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since the USA’s first (1970’s) alternative energy boom.  Each of today’s modern turbine
blades occupies between 30 and 45 m? of landfill space and landfills in Wyoming, Texas, and
Oklahoma are being inundated with them. Bloomberg New Energy Finance (Bloomberg 2019)
predicted that 2 gigawatts worth of turbines would be refitted that year meaning that there will be
a lot more blades destined for the dumps.

However, an "anti renewables" argument based upon wind turbine blade disposal costs is pretty
weak. If/when we here in the good ‘ol USA ever decide to adopt rational policies, worn-out
blades will become valuable enough to be worth shipping to a recycling and/or cement plant
https://cen.acs.org/articles/100/i27/companies-recycle-wind-turbine-blades.html . Even if our
leaders don't decide to properly incentivize wind energy entrepreneurs, continuing to bury those
blades isn't a big deal either. For instance, https://www.wind-
watch.org/news/2022/02/28/graveyard-of-the-green-giants/ informs us that Sweetwater Texas’s
wind turbine blade graveyard contains “4000 blades covering an area of almost acres”. Let's
assume wind farms comprised of 2 MW- rated turbines with a lifetime of 20 years and an
average CF of 35%. Each of their turbines would generate 2E+6*0.35*3.15e7*20/3.6E6 or
1.23E+8 kWh worth of energy and eventually require 3/4000*25 or 0.0188 acres of blade-burial
plot land. Since “undeveloped” land in the USA’s mostly desert-like & otherwise useless West
(most of the Permian Basin or almost all of Wyoming) currently goes for about $1000 acre,
enough land to bury each such turbine’s blades would cost about $19 which translates to an
energy cost increment of $1.53E-7/kWh. (A reasonable-sounding analysis of wind energy
economics https://www.semprius.com/how-long-does-it-take-a-wind-turbine-to-pay-for-itself/
suggests that producing energy with non-subsidized wind turbines costs ~$0.037 kWh.)

In November 2020, the University of Edinburgh’s Professor Gorden Hughes, presented a paper
entitled, “Wind Power Economics —Rhetoric and Reality”, from which Figure 25 has been
excerpted.
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Figure 6 — Denmark turbines: failure curve for time to first equipment failure
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Figure 25 Real-world wind turbine reliability/maintenance issues (from Hughes 2020)

Professor Hughes’ presentation begins with....

“It is difficult to make predictions, especially about the future. [Attributed variously to Niels
Bohr (Nobel Prize in Physics) and SamGoldwyn (movie mogul)]. The theme of my talk is the
disparity between predictions about the future costs and performance of wind power (especially
offshore wind)”

It should become apparent to anyone who professes to “follow the science” that deciding to go
whole-hog on any combination of wind and solar power-sourced technologies will cost a lot
more than most of both them and the rest of us have been led to expect.

An aging wind farm poses questions about who is responsible for “decommissioning” its worn-

out turbines and reclaiming the land that they stood on. To head off the possibility of abandoned,
decaying, wind farms, the state of Wyoming now requires companies to provide bonds to cover
the cost of their decommissioning and disposal when they are taken out of service or abandoned.
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While it is relatively easy to recycle a wind turbine’s steel and copper, the number of blades
requiring disposal will only continue to grow unless the USA’s decision makers bite the bullet
and enact legislation mandating that they either end up becoming just another feed/fuel (like
plastic bags, etc.) for the Future’s cement plants?® or that turbine owners must purchase bonds to
pay whoever eventually does bury them?®?°.

Green energy campaigners are infatuated with China’s now relatively “cheap” wind turbines®3°,
but making their permanent magnets is environmentally impactful — to China (Hurst 2010, ).
China currently meets about 96% of the world's demand for rare earths, and most of the so-
required mining, separation and extraction is done there®!. Every ton of rare earth element
(REE) produced purportedly generates 9,600 to 12,000 cubic meters of dusty waste gases
containing hydrofluoric acid, sulfur dioxide, and sulfuric acid, ~ 75 cubic meters of acidic
wastewater, and ~one ton of relatively concentrated radioactive waste residue. China’s Baotou
region produces approximately ten million tons of such wastewater every year most of
which is dumped without effective treatment and thereby contaminates both potable and
irrigation water. Disposal of the approximately 2000 tonnes of mildly radioactive mine tailings
generated per tonne REE is also problematic. Generally, tailings are placed into large open
impoundments whereas in the U.S. permits are required and such waste piles must be tightly
covered or remediated in some other fashion (see The dystopian lake filled by the world’s tech
lust - BBC Future).

A Chinese-made 2 MW wind generator’s permanent magnets require about 930 pounds (~0.4
tonnes ) of REE which means that building a wind farm with an average CF of 0.3 capable of
providing as much energy per year as a 1 GW. molten salt breeder reactor (MSR) would require
about 700 tonnes of rare earths - mostly neodymium (Stover 2011).

To quantify this in terms of environmental impact, let’s assume Hurst’s contention that the
mining/processing of one ton of rare earth minerals produces about one ton of a concentrated
toxic/rad “mixed” waste. In 2012, the U.S. added about 13.1 GW of wind power capacity which

128 Their blades consist of a burnable plastic (epoxy or material reinforced with calcia/alumina/silica glass fibers —
consequently they could comprise both the feed and fuel of a Portland Cement plant - just add some clay, iron ore,

and limestone (Miceli 2019 also see How can companies recycle wind turbine blades? (acs.org)).

130 To learn why China’s wind turbines are “better” in some respects than are those utilizing electromagnets see
https://www.renewableenergyworld.com/2012/10/05/which-wind-turbine-generator-will-win/#gref .

131 The USA’s Mt. Pass, Calif. rare earth mining and processing operation sends its concentrated ore to China to be
refined to metals, compounds, and anything else containing REES.
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figure means that about 2770 tonnes of rare earths were used in the wind turbines installed here
that year. It also suggests that about 2770 tonnes of the above-mentioned radioactive waste was
created to make them.

To put that number into perspective, America’s nuclear power industry produces about 2000
tonnes of spent LWR fuel “waste” each year. This means that the U.S. wind energy industry may
very well have created more tonnes of “radioactive waste” (in somebody else’s back yard, of
course) than did its nuclear power industry. In that sense too, the USA’s nuclear industry is
relatively clean because its reactors supplied about 20% of its electrical energy that year whereas
wind accounted for just 3.5 %.

Mineral Resources: In a report published earlier this year, the International Energy Agency found
that achieving net-zero emissions by 2050 is apt to require six times more of certain minerals by
2040 than are being mined today. Deep-sea speculators contend that ocean-floor nodules!32
represent a critical part of filling that need, with estimates that they may contain six times as
much cobalt and triple the amount of nickel as there is on land — and at a higher grade. Mining
nodules, they say, will help the world to shift away from the biodiversity loss, toxic pollution,
and exploitive labor practices that often come with terrestrial mining.

However, other equally smart but less invested people say that harvesting them could put one of
the world’s last pristine ecosystems at risk of irreversible damage, affect whale and tuna
migration, extinguish newly discovered species, and even accelerate climate change by kicking
up long-undisturbed carbon stores.

The most recent analysis (Mining Of Minerals And The Limits To Growth ) published by a
Finland-based Australian Professor of Mineral Processing, Simon Michaux, makes the point
that minerals have been declining in both availability and quantity pretty much as predicted by
the original analysis’s "Standard Run"3,

Those reports as well as what’s proven to be an uncommonly sensible assumption (i.e., that the
world’s mineral resources are finite) indicate that our descendants’ civilization must be powered

132 These nodules are potato-sized mineral chunks containing elements vital to the renewable-technologies
anticipated for the world’s transition away from fossil fuels, particularly lithium-ion batteries, solar panels, and
wind turbines The lumps are formed when something like a shark’s tooth falls to the ocean floor and mineralized
metals build up slowly on its surface over the eons. They dot the ocean bottom around the world, but they are most
plentiful in the Clarion-Clipperton Zone (CCZ), a 1.7 million-square-mile expanse of international waters in the
Pacific Ocean. They mainly contain manganese and iron, but also lots of cobalt, nickel, copper, along with traces of
rare earth elements.

133 His other conclusions were that today’s “Linear Economy” is seriously unbalanced, not remotely sustainable, and
that the industrial ecosystem and society it currently supports will radically change and may soon contract in size.
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in a way that’s more land, money, and mineral resource-efficient than any realistic combination
of batteries, windmills, solar panels, and biofuels would be.

Section 7.3.1.1 of this book will discuss the environmental and economic consequences of the
fact that producing a joules worth of solar/wind power requires far more other building materials
(steel, concrete, etc.), land, and water than does nuclear energy.

2.1.4.2 Green Energy’s “Job” scam

Another of green energy’s wasteful characteristics as far as its consumers/customers are
concerned is that energy generation (especially with solar power) requires far more labor than
does coal or nuclear power per joule — in other words, its workforce is less productive (see
Figure 26). While this fact is often touted as an advantage (creates jobs), most green jobs are
either temporary construction/installation gigs or have more to do with increasing the system’s
overhead (assessing the efficiency of lighting/heating/ ventilation, air conditioning (HVAC)
systems, other appliances, ENERGY STAR ratings, software development, etc.) than with
generating either useful services or energy. The bottom line is that the majority of today’s green
jobs really don’t have much to offer most of us.

Besides, our Greenies have gotten it backwards: it’s not the new jobs in energy-generation that
count but those created/enabled by energy’s use. The provision of cheap, reliable energy would
enable the private sector to create “free” jobs as far as society’s taxpayers are concerned

Lesser returns from bigger investments of energy and money would make any country poorer,
not richer.
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Job Productivity (Megawatt hours electricity generated by each
method per one job in 2019
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Figure 26 Energy generated per job

Mandating the use of horse-drawn machinery for farming would also create lots of jobs. It would
also cause a huge drop in agricultural productivity which would leave most of us worse off and
some of us starving. Mandating the use of less productive energy sources in the energy sector
would have the same effect. Inefficiency won’t grow the economy. It makes no sense to use job
number projections to justify renewable energy mandates that will serve to drive up the cost of
electricity and destroy more jobs than they create.

3.4.5 Storage:- “renewable” energy’s biggest technical issue

Electrical energy storage becomes more important as the share (degree of “penetration”) of
intermittent generation technologies, mostly wind and solar, in a region’s power mix increases.

Today’s fossil fuels are remarkable in several ways. They are (1) inexpensive, (2) cheap to store
and (3) economic to transport globally. The storage challenge is what makes getting off of them
so difficult. Unlike them, wind and solar photovoltaic power have no storage reserves. Here in
the USA our energy system (all forms) provides about 100 quads of energy per year with about 6
weeks of storage - more in winter and less in summer. Storage addresses daily to seasonal
changes in energy demand and provides assured energy in the face of hurricanes, earthquakes,
and multi-week weather events. Without it an energy system has no resilience, meaning that
people can die during those events.

At that scale six weeks of storage is 3.4 million GWhs . To put that into proper perspective, let’s
consider options capable of providing just one million gigawatt hours of “green” electricity
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storage. As of August 2021, the U.S. Energy Information Agency reports that the installed costs
of utility-scale storage battery systems at $589/kWh. Equally important to consider is the fact
that a plot of cost/MWe storage as a function of time suggests that their costs will level off at
about $500/kWh (2021 dollars) as the cost of raw materials make up a larger fraction of the total
cost. . If we somehow manage to reduce the capital cost ofsuch systems to $200/kWh, the
necessary investment cost would still come to ~ $200 trillion—or about 8 times the U.S.A’s
GNP. While large-scale battery installations have been growing rapidly, their absolute scale is
tiny—about 0.5 GWh of added storage capacity per year. That’s why 99% of U.S. electricity
storage is still hydroelectric pumped storage—553 GWh (DOE 2021).

There are three ways to create short term reliability

1. Building enough baseload-type power sources to supply 100% of maximum demand all
day, every day.

2. Providing less such source capacity but back it up with redundant sources capable of
being cranked up on a moment’s notice if something fails or demand shoots up, and
having those sources close enough to their customers to avoid transmission-related issues

3. Building several times as much “intermittent” source capacity as maximum anticipated
load and back it/them up with enough storage to keep things running for at least several
days’ worth of bad weather across the entire country.

In the third scenario, the following illustrates how difficult its 100% renewables plus batteries
scheme would be to implement.

After a recent expansion, Panasonic’s total annual North American battery production capacity
rose to 38-39 gigawatt hours”. To run the USA’s electrical grid solely with wind and solar, we'd
need battery backup for at least 4 days (~100 hours) of cloudy, windless weather. That's ~500
GW x 100 hours or 1300 years” worth of Panasonic’s battery production."

Coal, natural gas, biomass, nuclear and reservoir-type (not run of the river) hydroelectric dams
are baseload-type suppliers The further a power source is from its customer the more likely
service is apt to interrupted by weather, accidents, negligence, etc. and the more it will cost.

The people managing several of the USA’s regional transmission organizations (RTO , an
acronym for an electricity supply/distribution system - another acronym for essentially the same
thing is ISO) are currently trying to reassure their customers and, more importantly, the
politicians representing them that it’d be perfectly “safe” to shut down nuclear and coal-fired
power plants because building more wind farms and solar panels would serve the same purpose
(i.e., to their subject matter “experts”, two dead horses could pull more than one dead horse).

The Carnegie Mellon Electricity Industry Center’s examination of ERCOT’s (the USA’s largest)
wind power system (Katzenstein 2010) formally tested that assertion. Its conclusions were that:

“when there is wind, there is wind everywhere.
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- when there is no wind there is no wind everywhere.”

Here are some less formal opinions.

Let’s begin with an old quotation from the “good book” 134

“The wind bloweth where it listeth, and thou hearest the sound thereof, but canst not tell whence
it cometh, and whither it goeth.”  John 3:8

Here’s a 110-year-old quote from one of USA’s first official “Professional Engineers”

.."The problem of the commercial utilization, for the production of power, of the energy of solar
radiation, the wind and other intermittent natural sources is a double one. The energy of the
sources must first be changed so as to be suitable in form; it must next be stored so as to be
available in time." (Fessenden 1910)

Here’s another written a year ago by one of Canada’s senior-most Professional engineers:

“Wind’s production characteristics means that wind energy is best used to supply interruptible
electricity demand, NOT dependable electricity demand. It’s good for charging electric cars but
bad for running industrial or commercial operations.” With the exception of “special” areas
(e.g., the Sahara Desert), real solar power tends to be less reliable than wind power.

During the early 1960s I lived in North Vancouver, which is at about 50 degrees north latitude.
During one memorable winter there were 52 successive days with no direct sunlight.”

Charles Rhodes, PhD, P. Eng.

& finally, a poet’s opinion

“If the sun we do not store, we have no power after four.”
(After a couplet by Nathan S. Lewis)

Of course, in today’s world, obvious conclusions/opinions like these examples don’t matter
much if there’s big money to be made acting in ways inconsistent with their message.

2.4.5.1 The problem

134 | love the King James version of that tome because you can rationalize almost anything you might want to say or
do by quoting something within it. This, of course, includes “iconic” but terribly awkward phrasing/writing.
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The main problem with most of today’s renewable energy sources is not their headline cost per
kWh, but that they’re a bad match for a modern civilization’s demand-driven energy needs®*®.
~80% of US energy use (after conversions) is non-electric. With the exception of wood-burning
and the world’s already nearly maxed-out hydroelectric dams, renewables are non-dispatchable
electric. In a low-carbon world, the total source capacity required to serve the load would
depend upon the reliability of the individual sources comprising “all of the above”. Solar/wind
power dominated systems are currently dependent upon natural gas turbine “peaker plant”
backup which wouldn’t be an option in that low carbon world scenario.

Table 5 lists California’s consumption and source data. Note that it generated about 68%
(22.2/32.6) its own electricity and that its total within-state generating “capacity” was almost
three times its average demand. That’s because its hydro, wind, and solar power sources
exhibited low yearly-averaged CFs (~25% for its severely water-limited hydro plants & ~27%
for its windmills and solar panels).

Table 5 California's electricity

California Electricity 2018

Source GWe

total in state capacity 80
total solar 13.5

total wind 6
other renewables 7.6
total hydro 12
nuclear 2.4

gas 41

tot consumption=2.855E+6 GWh, Av power=32.6 GWe
tot in state generation =1.948E+6 GWh, Av.power=22.2 GWe

2018 http//ww2energy.gov/almanac/electricity data/total system power.html

Two inexorable energy trends are underway in California: soaring electricity prices and ever-
worsening reliability both of which bode especially ill for its low- and middle-income workers
and consumers.

135 We expect trains, mail, planes, things, and people to be able to go almost anywhere both cheaply and on time.
That’s why today’s few remaining sailing “ships” are just toys.
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Its California Independent System Operator (CAISO) is now (written Summer 2021) issuing lots
of “flex alerts” asking consumers to reduce their power use “to reduce stress on the grid and
avoid power outages.” CAISO’s warnings herald another blackout-riddled summer at the same
time California’s electricity prices are skyrocketing. Its burgeoning spate of brown/blackouts
have been the subject of lots of well publicized handwringing.

In 2020, California’s electricity prices jumped 7.5%, the biggest price increase of any state in the
country that year and nearly seven times that of the United States as a whole. According to the
USA’s Energy Information Administration, the all-sector price of electricity in California last
year jumped to 18.15 cents per kilowatt-hour, which means that its people now must pay ~70%
more for their electricity than the U.S. mean all-sector rate ($0.01066/ kwh). Even more
worrisome is the fact that California’s electricity rates are expected to soar over the next decade.

Figure 27 depicts weekly-smoothed!3® Californian electricity demand and total renewables
(wind, solar, & hydro) output throughout 2018. It demonstrates what would happen if its
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decision makers decided to meet demand with a nominally equivalent (i.e., yearly CF-corrected)
amount of wind and solar energy. The problem is that the capacity factors (CFs) of both of those
sources vary with the seasons as do peak power demands which means that the winter’s high
heating loads occur when there’s low renewables output. Trying to compensate for a seasonal

136 Cherry picking & “smoothing” data hides short term extremes — both techniques are widely utilized to “sell”
renewables. Real world total wind/solar source power generation in many places often drops to almost zero for
extended periods — especially during winters.
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mismatch with energy storage systems is far more difficult/expensive than is buffering short term
(hour-to-hour or day-to-day) renewables output randomness.
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Figure 27 California’s “100% renewables” conundrum (fig. courtesy of Charles Forsberg)

U.S. Energy Info Admin. put an average 2018 installed battery cost in California at $1,522/kWh.
Let’s see what that figure translates to if we were to try to power that state with currently
politically correct energy sources and real-world batteries.

Annual California electricity consumption: 259,500,000,000 kWh
Average daily consumption: 259,500,000,000 / 365 = 710,959,000 kWh

Cost for sufficient battery capacity to power California for one day if cloudy, calm weather
renders those renewables unavailable):

710,959,000 kWh x $1,522 / kwWh = $1,082,079,598,000 = $1.08 trillion

Consequently, one day’s worth of battery capacity would cost its citizens the equivalent of over
four years of their state’s total budget (~$230 billion/a). Of course, any such power system’s
storage batteries would have to be replaced every 7-10 years which translates to additional
maintenance costs boosting retail power costs by another 50%.
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Tripling 33%-capacity-factor wind, solar does not fix lulls.
Germany experienced a 100 hour lull, 3-6 Dec 2016.

100 GW

Wind and solar
supplied just 2% of
nameplate capacity.
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https://energycentral.com/c/ec/wind-and-solar-energy-lulls-energy-storage-germany

Figure 28 The WHYs of Storage (figure courtesy of Robert Hargraves'®’)

Finally, let’s base a storage calculation upon a very well-documented German “dunkleflaute”
(extended period with little wind or sunlight over a large area - see Figure 28). Germany’s
situation is more relevant than is California’s both because it’s an entire country and over twice
as many people are being subjected to Mother Nature’s increasingly common “extreme” weather
events.

In this example, the installation of a total of 88.8 GW worth of wind and solar “capacity” to
help meet an average power demand of ~75 GW (peak demand = 88.8) would have satisfied just
2% of total demand for 100 hrs. That means that avoiding a blackout would have required (1-
0.02* 88.8/75)*100 hr*3600 s/hr*88.8E9 J/s/3.6E+6 JJKWh or 8.7E+9 kWhs worth of batteries.
That’s about 4.3 trillion dollars’ worth of Mr. Musk’s grid scale Li-ion battery storage systems.

137 Robert Hargraves is a Brown physics PhD and honors AB in mathematics from Dartmouth College who then
went on to teach mathematics and initiate its computer science program. He founded a software company, was a VP
at Met Life, an IT consultant at AD Little, then VP of medical device firm Boston Scientific. He is the author of both
THORIUM: Energy Cheaper Than Coal and Electrifying Our World, and cofounder of the MSR startup ThorCon.
He’s also currently teaching Dartmouth’s “Osher Institute’s Spring 2022 “Fission is in Fashion” class.
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The problem is even worse than that. Dowling et al 2020 looked at 40 years’ worth of US
weather data asking how much storage would be required. They modeled 1-year increments, 2-
year increments ... 6-year increments. The longer the time series, the more storage capacity was
required. It appears that .their conclusion was that the intermittent generators plus storage
problem does not have a bounded solution — in other words, any of today’s affordable storage
systems would eventually be totally discharged.

[Homework problem 40 demonstrates how a quantitative (numerical) conclusion about energy
storage requirement can be drawn from figures like this. In that exercise’s scenario, about $18
trillion worth of TESLA “Power Walls” would be required to compensate for anemic winter
season renewable energy source outputs.]

Depending upon the time of year, The USA’s current primary energy system includes between
45 and 90-days’ worth of energy storage — primarily in the form of recently refueled nuclear
reactors, tanked petroleum, coal piles, and, for natural gas, hollowed-out salt domes or deep
underground porous underground rock/sand storage sites some of which have sprung spectacular
leaks when viewed with infrared cameras able to “see” methane. It’s important to understand
that the bulk of that energy is used to generate heat and that only a fraction of that heat will then
be converted to the electricity representing ~13% of the USA’s primary energy consumption
(Figure 40).

Such storage addresses seasonal energy demand swings and disruptive events like hurricanes or
winter cold spells. Annual U.S. energy consumption is about 29,000 Terrawatt hours (100
quads/year) which means that one month’s worth of its energy storage comes to about 2.4
million gigawatt hours. Consequently, a zero GHG emissions USA’s energy storage
requirements would likely be several million-gigawatt hours. We can quibble about that figure’s
exact size but not about its order of magnitude.

If the capital cost of such a US-wide storage system were just $1/kWh (~one half of one percent
of what today’s grid scale lithium battery banks cost), purchasing one million gigawatt-hours’
worth of battery backup would require one trillion dollars. Consequently, it should be obvious
(but apparently isn’t) that the USA’s citizens couldn’t afford large-scale deployment of Mr.
Musk’s ~$500/kWh grid scale. Li-ion battery-based, storage systems because doing so would
cost them 25 to 100 times its/their nation’s gross national product.

A recent analysis of grid-scale US “unsubsidized and levelized electricity storage” costs (Lazard
2017) for various sorts of storage systems concluded that if lithium-ion batteries were to replace
today’s gas-fired “peaker plants”, the overall system’s Levelized Costs of Storage (LCOS) would
be about $0.282/kWh .

A subsequent analysis performed by MIT researchers concluded that energy storage would have
to cost $10 to $20/kwWh for a wind/solar plus storage system to be competitive with one in which
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nuclear power provided baseload electricity. Competing with a natural gas peaker plant backed-
up system would require a storage cost of ~$5/kWh (Patel 2018).

Those figures assume scenarios in which solar/wind/storage must satisfy power demand 100
percent of the time. If other sources (moonbeams from Mars?) could satisfy demand 5 percent of
the time, such scenarios could work at a storage price of $150/kwWh.

Which technologies could hit that target?

2.4.5.2 Gravity-type storage “batteries

In September 2021, China's National Energy Administration released the middle- and long-term
development plans for pumped storage hydropower from 2021 to 2035 (Sills 2021). The plan
aims to expand China's pumped storage hydropower capacity to about 120 GWh by 2030, as part
of its efforts to boost renewable energy and achieve carbon emission reduction goals. As of 2021
pumped storage hydropower accounts for 93% of the United States’ utility-scale energy storage
and over 10% of worldwide total hydropower capacity. The Tennessee Valley Authority’s
(TVA) Raccoon Mountain hydroelectric power station just west of Chattanooga TN is the
closest thing to an ideal GW-day-scale energy battery that we have. Its construction was started
in 1970 and completed within eight years. Water is pumped from Nickajack Lake on the
Tennessee River at the base of Raccoon Mountain to a storage reservoir built about a thousand
feet above it at that mountain’s top. When filled, its upper reservoir contains about 47 million m
of water. The 70-meter-high dam on one end of it is the largest rock-fill dam ever built by the
TVA. During periods of high-power demand, water is released from the upper reservoir through
a tunnel drilled through the center of the mountain to drive reversible turbo generators in its
underground hydroelectric plant. That plant has a maximum power output of 1,652 megawatts
which it can generate for up to 22 hours. (i.e., it hasa ~1.5 GWday energy storage capacity).
During low demand periods, its power plant’s turbo pumps are reversed, and the water is
pumped back up into its upper reservoir.

3

California has several such facilities in its Sierra Mountain Range drainage, the largest of which
is its Helms Facility -1.2 GWe maximum power capacity and theoretical storage capacity 5.6
times that of Racoon Mountain (204 GWh). Unfortunately, California is now experiencing its
worst drought in the last thousand years. That means that its pumped hydro batteries likely
won’t work in the summer just when they are needed the most. During droughts, its residents are
apt to be drinking its pumped storage water leaving nothing to recharge those batteries with.

Wherever there’s a reasonably sized pair of nearby lakes with sufficient elevation difference
plus an adequate source of make-up water, pumped storage will work if we don't mind
sacrificing local lakeside environments due to water-level thrashing. Along coastlines, the
lower such lake could be an ocean which of course would also represent that storage battery’s
drought-proof “electrolyte” (water) supply . The reason that California doesn't have such
facilities is because its coastline is “protected” — no private ownership and all uses subject to Fish
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& Wildlife, The Coastal Commission, the Water Resources Control Board, and “concerned
citizen” protests/regulation/lawsuits/etc. The point seems to be that its government’s experts and
decision makers want a slot for both ‘'renewables’ and gas-generated power in spite of the fact
that the first can’t do what must be done & the second represents another source of the same
anthropogenic GHG problem facing the whole planet.

Collectively, pumped-storage facilities are the USA’s largest electrical energy storage resource
accounting for a total of ~23 gigawatts (GW) of power capacity representing about 5% of its
average electricity demand® and ~92% of its electrical energy storage capacity (~250 GWh as

Monthly round-trip efficiency, by selected energy storage technology (Jan 2018-Dec 2019)
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Figure 29 US electrical energy storage (EIA 2019)

of November 2020). Although lithium-ion batteries have slightly higher round-trip efficiency
(82 vs 79%) than pumped storage, the latter typically operate at utilization factors twice as high
as those of batteries and will last much longer.

That and the fact that the TVA was able to build Raccoon Mountain for only 310 million 1978-
type dollars is pretty darn impressive. However, a little more ballparking indicates that we’d
need to build another 1600 of them to provide just one day’s worth of backup energy storage for
an all-renewables-powered “green” US. Most of them would be far more expensive than was
the TVA’s facility because their builders would first have to build mountains to put them upon.

Where | am living now, central Iowa, there aren’t any natural mountain tops to perch a pumped-
water storage battery’s upper reservoir upon. However, if someone were to propose building a

138 After subtracting out that required to make its electricity, the USA currently consumes about 60 quads worth of
primary energy year. 60 quads energy/year ~ 2000 GW steady-state power. [60*1.055E+18/3.15E+7/1E+9 = 2009].
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big-enough corn cob or cattle/pig crap mountain along either side of the state where there's
always been plenty of river water to pump, something like that might excite its politicians and
renewable power investors°.

I wonder if the companies currently doing the USA’s mountain-scalping type coal mining could
build us lots of >1000 ft high pumped-hydro renewable energy storage facilities? If they could
figure out how to power their bulldozers, etc. with windmills, it could morph into a really fine-
sounding "Green New Deal" infrastructure-building jobs project4°.

Oh well.

2.4.5.3 Chemical batteries
At the end of 2018, the USA possessed 869 megawatts (MW) of battery-type power storage
capacity representing 1.2 gigawatt hours (GWh) of energy storage capacity.

1 Over 90% of large-scale battery storage power capacity in the United States was
provided by systems based on lithium-ion chemistries.

1 About 73% of large-scale battery storage power capacity in the Unites States,
representing 70% of energy capacity, was installed in states covered by independent
system operators (ISOs) or regional transmission organizations (RTOs).

1 Alaska and Hawaii, with comparatively small electrical systems rep representing ~1%
of the USA’s total grid capacity, accounted for 12% of the power capacity'*! in 2018, or
14% of large-scale battery energy capacity.

139 Jowa’s businesspersons, farmers, and politicians currently prefer to store solar energy in the form of corn ethanol
which green-sounding activity features an overall sunlight-to-liquid fuel to electrical energy storage/conversion
efficiency of ~0.04%. They currently don’t even pretend to store Iowa’s excess (“curtailed””) wind power.

140 Texas has purportedly already amassed “mountains” of cow poo upon which its most adventurous entrepreneurs
could perch a Raccoon Mountain-like wind energy storage system’s upper reservoir upon. It’s funny that I haven’t
heard about that yet.

141 The first large-scale US battery storage installation still operating in 2019 had entered service in 2003. Only 50
MW of battery storage power capacity was installed between 2003 and 2010. By the end of 2019, 163 large-scale
US-sited battery storage systems were operating with a power capacity of 1.02 GW and 1.69 GWh energy capacity.
The cost/kWh of those systems (not just their batteries) dropped a lot between 2003 and 2016 but recently appears
to be asymptoting off at about $500/kWh. The initial rapid price drop in any manufactured product is due to larger
manufacturing scales and learning by doing. At some point, costs stop dropping. There has been a great deal of
debate about when that would happen and at what price point. The evidence is piling up that chemical battery-based
electricity storage won’t get much cheaper than somewhere between $400 and 500/kWh electric (2020-type dollars).
Note that is for the entire AC in, AC out “battery system”, not just its “naked” batteries. This and several other
reports suggest that further rapid decreases in battery-type storage cost won’t occur. See
www.eia.gov/pressroom/releases/press483.php ).
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(1 Historically, most of the USA’s annual battery installations have occurred within the
California Independent System Operator’s (CAISO) and the PJM Interconnection (PJM)
territories'*2. However, in 2018, over 58% (130 MW) of power capacity additions,
representing 69% (337 MWh) of energy capacity additions, were installed in states
outside of those areas.

I will begin this section with a few words about chemical storage batteries in general. All
batteries convert chemical potential energy into usable electrical energy. Any chemical battery
has three main components: its positive electrode (cathode), its negative electrode (anode) and
the cation- conducting electrolyte in between. If its cathode and anode are connected via an
external circuit (“load”), it will spontaneously discharge its stored energy; i.e., the “charged”
anode’s accumulation of active metal’s (e.g., lithium) electrons will leave the battery through a
wire connected to its “load” & return to it through a wire connected to its cathode. The active
metal’s electrolyte soluble cations (e.g., Li+) leave the anode, move through the electrolyte and
then bury themselves in the cathode material which maintains electrical neutrality by changing
the oxidation state of one of its components: e.g., the electron returning to the battery’s cathode
reduces its Co* to Co* or its Fe*3 to Fe*2. Many anode/cathode/electrolyte combinations are
possible and thousands of reports have been written about them.

Solid state batteries store energy via three mechanisms. First, alloying reactions can take place
with metal anodes like Si or Sn. Second, conversion reactions can take place at the cathode of air
batteries and metal fluorides, as well as certain oxide and sulfide anode materials (e.g., Fe3Oa4
and MoS>). Both of those mechanisms permit very high capacities, but also exhibit large volume
changes which limits long-term reversibility and therefore practical application. Consequently,
most of today’s battery development work focuses upon a third mechanism, “intercalation”,
whereby a mobile ion or molecule is reversibly incorporated into vacant sites within a solid
crystal lattice; e.g., olivine-structured LiFePQOas, LiC0oO; or spinel LiMn2O4. Despite relatively
modest storage capacities (max ~300 Wh/kg), intercalation minimizes volume
changes/mechanical strains during repeated insertions/extractions of the active cation (e.g., Li*)
thereby favoring reversibility - a key characteristic of any useful energy storage system.
Consequently, that mechanism governs the operation of today's Li-ion battery electrodes
regardless of their chemistry.

Every intercalation-type cathode (the electrode storing the active metal’s cation (oxidized form))
is based upon a crystal structure which includes one or more redox-active transition metals in
(usually) an oxide matrix. This is also true for anode materials, with the exception of graphite
and other carbon-based materials.

142 pJM manages the grid powering the District of Columbia and 13 eastern and Midwestern states.
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For every M*"ion (e.g. Li* ° Mg*?) inserted into the cathode host mineral’s porous structure, n
electrons must also be injected to maintain electroneutrality. In general, this means reversible
redox of that mineral’s transition metal (Co, Ni, Fe, Mn, etc).

Vanadium flow liquid state batteries are often touted as ideal for large-scale, long-duration
storage because they can store large amounts of energy using scalable tanks of a relatively cheap
electrolyte. One tank contains a solution of highly oxidized vanadium (V" and V) ions and the
other it’s reduced forms (V"' & V""). Those solutions are pumped past each other on the opposite
sides of a membrane within a cell where useful work is done - reversible charging and
discharging - by moving electrons back and forth through it. Because flow batteries employ
heterogeneous electron transfer rather than solid-state diffusion or intercalation they are more
appropriately called fuel cells rather than batteries. Its champions are saying that it should be
possible to drop their cost to ~$100/ KWh.

In March 2019, QY Research Group predicted the global redox flow battery market would be
worth $370 million by 2025, based on a roughly 14 percent compound annual growth rate
(CAGR) from 2018.

However, their main competitors, lithium-ion batteries, are acing ahead thanks to the
burgeoning electric car industry. A May 2019 study by Prescient & Strategic Intelligence
estimated the solid-state lithium-ion battery market would be worth close to $107 billion by
2024, with a CAGR (compound annual growth rate) of 22 percent.

However, there are other flow battery concepts championed by the slew of hyper secretive
startup companies competing for Green New Deal investment dollars. The technology that’s
currently most “promising”*® is Form Energy’s mysterious “aqueous air/sulfur” battery about
which no details have been revealed other than those intrinsic to its name and the identities of

some of the terribly important people championing or investing in it.

In response to government-mandated (regions, states & sometimes even cities) increase in the
proportion of distributed power subject to the whims of Mother Nature (esp. wind and solar),
several US utilities are installing megawatt-scale battery systems to mitigate the effects of the
inevitable fluctuations. Utilities in Hawaii, California, and Arizona (APS) have been early
adopters and have installed a few multimegawatt-scale lithium-ion “Super Powerwalls” in
regions with lots of windmills and solar panels.

143 »Most promising” primarily because Bill Gates has invested in it.
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In April 2018 a fire and explosion at a one-year-old, 2 MW/2-MWh (just barely “grid-scale’”*44)
batteries installed west of Phoenix AZ highlighted some of special challenges posed by a battery
backed-up wind/solar based power supply system grid. That explosion sent eight firefighters and
a police officer to the hospital. The root cause of that and other such incidents, both large and
small (in airplanes, cars, cell phones, etc.), is that upon recharge, the lithium within their anodes
tends to form metallic dendrites that may penetrate the electrolyte separating their electrodes and
thereby short-circuit them. The resulting heat spike ruptures the battery case and its flammable
metallic lithium and organic electrolyte (an organo-carbonate compound) quickly ignite &
everything immediately goes up in a cloud of toxic smoke.

Today’s electricity storage batteries couldn’t render a zero GHG system comprised of an
“optimal” mix of wind and solar energy sources practical unless it was tremendously over-built
(capacity >10x mean demand) or backed up with power magically imported from far enough
away (China?) to not be simultaneously affected by Mother Nature’s whims.

As is the case with the light water reactors on the supply side of this ledger, for grid-scale energy
storage, today’s lithium-ion storage batteries represent a prematurely locked-in technology
poorly suited to the problem it is now being called upon to address. Faced with diminishing
returns on Li-ion materials research, alternative metallic (sodium, magnesium, potassium, or
calcium) intercalation chemistries have recently received a great deal of attention. Sodium-ion
batteries, now being deployed by Aquion Energy, are the most mature of these alternatives. The
main advantages of Na-ion batteries relative to lithium-ion batteries include similar (but not
identical) electrochemistry and lower cost. However, their energy density is generally lower and
the larger Na* cation tends to do more damage to the host lattice upon long-term cycling. The
periodic table’s next alkali metal, potassium, has received some attention, albeit limited because
its even-larger K* ion is apt to cause more damage than does Na* without offering sufficient
additional advantages.

However, there are several other possibilities. For example, liquid metal batteries can’t fail the
same way that today’s lithium-ion batteries can/do and are also apt to be much cheaper because
they feature liquid (molten), not solid, cheap, not expensive, metallic electrodes separated by a
cheap molten salt electrolyte. Their operation relies upon density/SPG differences: a high density
(e.g., antimony) molten metal electrode lies on the bottom of the cell. Immediately above it is an
intermediate density molten salt electrolyte (e.g., a low melting mix of lithium and potassium
chloride salts), and a low-density liquid metal (e.g., lithium or calcium electrode floats on top.
Like oil & vinegar those fluids naturally self-segregate and charging/discharging the battery
doesn’t generate the sorts of irreversible physical changes that eventually cause any solid

144 )MWh is enough energy to power Arizona’s utility rate payers for ~7 seconds.
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electrode-based battery system to fail (lithium-ion batteries are unlikely to last more than ten
years in such applications).

Global solutions must be based on globally abundant materials because nothing else works at
scale. That’s the point behind MIT Professor Donald Sadoway’s battery research program. His
teams have looked into a plurality of cheap metal (e.g., sodium, calcium, aluminum,
magnesium...) battery chemistries the latest of which utilizes a metallic aluminum negative
electrode, an elemental sulfur + graphite positive electrode, a safely low melting molten salt
electrolyte (about 90°C) - mixture of sodium, potassium, and aluminum chloride salts, and a
spacer that looks like a thin layer of fiber glass matting — see Fast-charging aluminium-chalcogen
batteries resistant to dendritic shorting - PubMed (nih.gov)

To me this seems to be the breakthrough that could render an almost totally electrified
transportation system including even farm tractors practical. All of its components are dirt cheap
and neither particularly flammable nor apt to create much smoke if something surrounding the
battery catches fire. Its voltage per cell is about 1.05 volts which along with the fact that both of
its electrode materials have low equivalent weights suggests a theoretical electrode energy
storage capacity of about 96500*1.05/(27/3+32/2)/3.6E6 or 0.001126 kWh/gram#°1. Professor
Sadoway estimated that his entire Al/S batteries will eventually cost about $8.99/kWh and have
capacities of about 300 milliamp-hours/gram . At a voltage of 1.05 volts, that’s 1.05 volts*0.3
amp*3600 s/ 3.6E+6 J/kWh or about 0.0003 kWh per gram. For a premium Tesla BEV-sized
battery (90 kWh) that totals up to 300 kg (90/0.0003 grams) of battery costing 90*8.99 or about
$810. If you drive it 15,000 miles per year & its Al/S battery lasts for 5 years*®, & TESLAs
really can go 300 miles/full charge, that’s a battery (not electricity) driving cost of 1.08
cents/mile ($810/(15000%5).

If our government were to also become willing to mandate that the configuration of such
batteries be standardized so that they could be quickly/cheaply exchanged at “filling” stations**’,
happy days could be here again!!

145 96500=0ne Faraday = number of coulombs/of electricity per equivalent of charge. The oxidation of one gram
mole of aluminum (27 grams) generates three Faraday’s worth of electrons & reduction of one gram mole (32 g) of
sulfur to sulfide sucks up 2 Faradays

146 Since the car’s battery would be undergoing only 50 full charge-discharge cycles/annum (15000/300 =50 ), it’s
quite likely to be able to last at least five years.

147 That’s what Edison proposed for his electric cars over 110 years ago — car owners don’t need to own their car’s
battery too.
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Unfortunately, enough of even such “cheap” batteries to store just one day's worth of 22 TWe
power (approximate world demand circa 2100 AD) would cost ~39.6 trillion of today’s US
dollars.

In the real world, Edison’s ~120-year-old nickel-iron (Ni Fe) battery has proven to be the most
durable solid electrode-based storage battery. It’s extremely robust, tolerant of abuse,
(overcharge, over discharge, and short-circuiting) and often exhibits very long life even if so
abused. However, due to its low specific energy/power (energy/power per kilogram), relatively
poor charge retention, and high cost of manufacture (retail cost per kWh is currently about 60%
higher than a TESLA Powerwall’s), other types of rechargeable batteries have largely displaced
them. However, it’s experiencing resurgence in some quarters (GOOGLE “Battolyser”) because
overcharging them generates hydrogen which can be stored and/or used for a host of purposes
including backup energy generation via combustion or fuel cells. In that manner, they could
accomplish both short-term and long-term energy storage. However, even if these batteries were
to last for 30 years, their relatively high up-front cost (currently about $800/kWh) translates to a
LCOS of $7638/MWh.

A report in the 25Aug21 edition of Nature. (Zhu et al 2021) suggests that a group from Stanford
University may have hit upon another technology that could render battery-powered cars &
trucks genuinely affordable.

It’s a rechargeable version of the lithium thionyl (SOCI>) battery utilizing a microporous carbon
positive electrode, a starting electrolyte composed of aluminum chloride in SOCI> with fluoride-
based additives, and either metallic sodium or lithium as its negative electrode. It operates via
redox between mainly Clo/CI™ in the carbon’s micropores and either Na/Na* or Li/Li* redox on
sodium or lithium metal. The reversible redox reactions Clo/NaCl or Cl2/LiCl occurring within
in microporous carbon affords rechargeability at the positive electrode side and the thin alkali-

fluoride-doped alkali-chloride solid electrolyte interface stabilizes the negative electrode.

Its key advantages are that all its components are cheap — either sodium or lithium, sulfur,
carbon, oxygen, and chlorine - & it is apparently also considerably lighter/kwWh.

Another outfit has apparently optimized its relatively cheap iron phosphate cathode-based
lithium-ion battery which enables its same-sized battery pack to more than double the driving
range of Tesla’s iconic Model S to over 800 miles https://www.motortrend.com/news/one-
gemini-battery-tesla-model-s-range-test .

Other groups are convinced that lithium sulfur batteries will prove to be better. It’s a “cheap”
rechargeable system notable for its high specific energy due to the low atomic weights of both
lithium and sulfur. Its reactions involve metallic lithium dissolution from the anode surface and
its incorporation into an elemental sulfur/carbon cathode as a lithium polysulfide salt during
discharge and reversing that reaction - lithium replating back onto the metallic anode while
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charging. In most of today's electric vehicle batteries, their cathode materials (typically
nickel/manganese/cobalt-oxide molecules) can only host 0.5 to 0.7 lithium ions each, whereas a
single sulfur atom can host two lithium ions. Consequently, gravimetric energy storage densities
jump from 150 -260 Wh/kg to over 500 enabling it to triple your car’s range or get by with a
much smaller/lighter/cheaper battery Lyten Promises Big Things for EVs From Its Lithium-
Sulfur Battery (motortrend.com)

One of them has apparently come up with a “gamma” sulfur cathode material /carbonate
electrolyte combination that enables their battery to maintain its reversibility through 4000
charge/discharge cycles. — at least ten years’ worth of typical commuter-type driving
Stabilization of gamma sulfur at room temperature to enable the use of carbonate electrolyte in
Li-S batteries (nature.com).

Another advance that | just learned about today (6March2022) by watching ay CGTN’s
technically oriented weekly news show (“RAZOR”) had to do with Chinese work on
developing better EV batteries. The “breakthrough” in question involved replacing the alkali
metal intercalation-based graphite anodes in Li ion batteries with ones made of a “black
phosphorous”/graphite composite material. It should more than double the capacity (energy/kg)
of that sort of battery because, in principle, each phosphorus atom can replace over six times as
many carbon atoms. That concept was of course first described/published here in the USA but
not actually reduced to commercial practice, see Bridging Covalently Functionalized Black
Phosphorus on Graphene for High-Performance Sodium-lon Battery | ACS Applied Materials &
Interfaces

At this stage of the game, it’s impossible to predict what’s going to be powering our
automobiles twenty-five years from now but I wouldn’t be surprised if it’s a solid-state battery
based upon magnesium, aluminum, or sodium rather than lithium. I’d also guess that Elon Musk
will own most of the factories making them.

Again, to really solve the electrified POV “range anxiety” problem, our political leaders must
eventually become willing to insist that the configurations of any such batteries be standardized
to render their switch-out quick/simple.

Those leaders should also be reminded that their/our world doesn’t need another “perfect” car
built to both impress & sell to millionaires - it needs lots of good-enough, cheap, and

reliable cars .supported by governmental policies that assure their owners that they won’t be
haunted by range anxieties (i.e., financially incentivize other businessperson to build lots of
“filling (battery change-out) stations”.)

Here’s another calculation that puts these figures into perspective: A bit of GOOGLEing
reveals that the average US household currently consumes ~10.4 MWh per year of electricity
costing (retail) about 12 cents per KWh- a total of $1282/a. 1f 100% of that power were to be
produced with wind turbines and solar panels possessing capacity factors of ~30% and 15%
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respectively, it seems likely that at least half of the power going into the average US home at any
given time is apt to be coming from some sort of storage system — not directly from such
unpredictable sources. If that proportion happens to be 50%, with today’s lithium-ion battery-
based storage gadgets, that home’s annual power bill would increase by $1644
[50/100*10.4*282] meaning that their electricity would then be costing its residents >26
cents/lkWh48, Since the average US wholesale cost of nuclear power is now only about 3.4
cents/kWh, it would make a lot more sense to satisfy 100% of its citizens’ power needs with
reliable nuclear reactors than to cover their world with windmills and solar panels supported
with enough new transmission lines and batteries to render the latter scenario workable.

2.4.5.4 Thermal energy storage “batteries”
Why don’t we just use the same hot salt-type energy storage batteries that the world’s
concentrated solar plants (CSPs) have been employing?

Existing commercial CSP heat-storage systems use tanks of hot and cold nitrate salts with capital
costs of $20-30/KWh of heat energy over 85% of which cost is associated with the tanks and the
salt.

Let’s go through another calculation to see how that scenario would scale.

Let’s assume that we’re trying to supply a regional power demand of 3 GWe (that’s about what
Idaho’s populace currently requires) with 2 MW turbine-based windmill farms. Assume also that
their average CF is 33% but that there are periods of up to one day long when the wind doesn’t
blow at all.

First, how many windmills are we talking about? That’s easy — 3E+9/2E+6/0.33 = 4545
windmills (~120 typical-sized US wind farms).

Storing one day’s worth of 3 GW electricity means that collectively those farms’ heat batteries
would have to reversibly store/release heat sufficient to generate 3 GWe days’ worth of
electricity.

How much hot salt would that require? Well, if we assume...

. A solar salt Cp (heat capacity) of 1.56 J/degree/gram (a reasonable figure)

148 This figure assumes only the added costs of battery storage. “Correcting” it by adding-in guesses about the
relative costs of nuclear vs solar vs wind vs etc., battery charging is apt to increase the retail consumer’s cost
differential.
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. That the temperature of the salt would be cycled between 600 and 300 degrees C (also
reasonable), &

. That the gas turbines associated with it can convert 45% of heat energy to electricity
(probably a bit optimistic)

... the amount of heat required would be 1.73E+15 Joules [3E+9%24%3*3600/0.45] and the
amount of solar salt needed would be 3.73E+6 tonnes [1.73E+15/1.56/(570-270)/1E+6] or about
~2.07 billion gallons®.

Since solar salt currently costs about $520/tonne, 3 GW. days worth of heat storage salt would
cost about $2 billion.

That might be possible but not simple or cheap.

It becomes impossible if scaled up to something apable of supplying a week’s worth of Idaho’s
energy needs.

A group of MIT, INL, and EPRI nuclear engineers has pointed out that the above-ballparked

100-GWh Crushed-Rock Trench Heat Storage
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Width: 60 Meters

— 60 m wide
— 20+ meter high

— Up to 1000 meters long Roof with Insulation and Sprinklers

* A gigawatt-hour ofheat storage or more
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Figure 30 MIT's hot rock/molten salt heat "*battery** (Forsberg, 2020)

149 That’s probably enough man-made nitrate to fight both of the last century’s world wars (it’s a key ingredient of
most explosives). We’re smarter than that now — just one of our modern military’s medium sized “hydrogen” bombs
can generate that much “boom” (question for California’s lawmakers: “now that you ‘know’ about this, are you
now gonna be warning people about hydrogen to0?”).
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heat storage scenario’s salt cost issue could be addressed by filling the tanks with chunks of rock
to/from which heat would be transferred by a relatively small amount of fluid trickled down
through them - the “CRUSH concept. Rocks are cheap & some types could likely withstand
thousands of several-hundred-degree temperature cycles

Their system (depicted in Figure 30) reduces costs by (1) storing heat in crushed rock, not a
liquid, (2) transferring heat to and from the rock chunks with a liquid trickled through them, and
(3) replacing expensive tanks with huge low-cost buildings similar to aircraft hangars with both
internal and external insulation. The trick of course is to engineer a cheap-enough system that
would actually work. For the storage of the low-grade (~300°C) heat generated by water cooled
nuclear reactors , a silicone oil could serve as the heat transfer fluid and almost any kind of rock
would work. For the ~525°C heat generated by a liquid sodium-cooled reactor, a 60/40 by
weight mix of sodium and potassium nitrate salts (“solar salt””) would likely work with basaltic
or quartzite-type rocks (Bonk 2017). The 650 to 900°C heat generated by gas-cooled and molten
salt type reactors would rapidly decompose “solar salt” meaning that a different heat transfer
medium must be used — perhaps a sodium/potassium/lithium chloride salt eutectic?

Gene Preston recently modeled (21Mar2022) a “clean” (no fossil fuel) power system for the
USA’s biggest Regional Transmission Organization (PJM’s 165 GW peak load RTO).It
features that region’s current wind (12.5 GW) and solar (3.45 GW) renewable source capacities
plus 112 GW’s worth of Natrium’s sodium-cooled fast reactors close-coupled to a 7283 GWh
CRUSH battery (i.e., 52 GW for 150 hours or big enough to ride through another URI-type
“polar vortex). The costs were 2 to 4$/kWh for hot rock storage s and $1000/kW for the
power generating turbogenerators. Assuming PV, wind, and reactor build costs of $1.8,0.82 and
6.6 per watt, energy cost to the RTO’S customers would be s 9.25 cents per kWh. The system’s
nuclear plants would run all of the time and always be charging/heating that battery.

Siemens is currently pilot-planting another potentially GWhr-scale really hot rock heat storage
system utilizing air rather than a liquid (oil or molten salt) as its heat transfer medium. When
electricity is cheap (i.e., lots of wind/sun & more than enough windmills/solar panels to meet
immediate demand) air is heated and blown through the rock pile to heat it to about 650°C.
When the wind dies down and/or the clouds roll in thereby rendering electricity sufficiently
valuable, cold air is blown through that pile to a boiler/turbine that generates electricity.
Siemens’ tests will generate information about the effects of repeated thermal cycling of various
sorts of rocks. The downsides of any such system include:

a. huge pumping energy losses because gases have very low heat capacities relative to their
viscosities

b. from a purely thermodynamic point of view, converting renewable sourced electricity to
heat and then back to electricity again will be wasteful - at best 50% & more likely under
30% efficient
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A link recently sent to me by Professor Forsberg (2Apr22), describes a new “heat battery”
developed by Rondo Energy, Inc which features drop-in modules that purportedly can provide
affordable, high temperature and therefore more useful process heart (up to 1000°C - much
higher than the ~570°C max provided by a solar salt-based heat storage system. Such “green”
(decarbonized) stored heat energy could either replace an aging fuel-fed boiler or complement
those still in operation.
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Figure 31 Rondo Energy's process solid state heat "battery”

According to its developers , “it uses well-proven materials to build a heat battery that uses
renewable electricity to deliver high temperature heat by circulating air through a solid material
to deliver hot air or high-pressure steam at any condition. the standard unit delivers 20 MW of
steam, which is like a boiler that’s burning 85 million Btu/h,”

Rondo’s “battery” sound like s a real step forward because it represents a relatively cheap
compared to lithium battery way of storing the heat-type energy comprising approximately 80%
of that which modern civilization’s industries now generate with fossil fuels. However, | suspect
that it cannot compete with crushed rock-based systems for grid-scale energy storage.

Finally, Chinese researchers have just published A performance analysis of the spray-type
packed bed thermal energy storage for concentrating solar power generation - ScienceDirect
describing how their country’s alumina “rock”/silicone oil pilot plant-scaled experimental
system has actually worked. To this old US-based experimentalist, that’s justmore evidence that
China is apt to devise practical solutions to the world’s energy issues before we do.

Finally, to put things into better perspective, I’ve done some ball parking with the numbers in a
report having to do with another real world system that works in basically the same fashion
https://www.911metallurgist.com/blog/heap-leaching .
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The USA's biggest heap leach gold mine (it’s in Nevada) processes 150 thousand tonnes
of crushed rock/day — it sprays acid down through a rockpile situated on a rubber pad on a
gentle slope — its leachate is collected in a ditch

Ifit’s got a typical-for-gold 45- day leachate residence time (see WIKIPEDIA) , it weighs
45*150,000 tonnes or 6.75E+12 grams.

If its rock’s density is 2.7/cc (like granite’s) & the pile has 35% void volume, its volume
is 3.85E+6 m® or about 1.5 times that of the Giza plateau’s “great pyramid”.

If its rock's heat capacity is 0.79 J/g (again, like granite’s), the temp of a CRUSH-type battery
made from it is to cycle up/down 100 C, & the overall system’s 's heat to electricity eff = 30%,
that battery’s electrical capacity rating would be 44.4 GWh - under two days’ worth of one of
today’s average power reactor’s useful output (we now typically discard 2/3’s of its heat energy).

If the total volume of “leachate” (heat transfer fluid) within our giant rock pile CRUSH
battery’s , pipes, ditch, & heat exchangers is 2/3’s of its void volume, that’s 9E+5 m? or 1.6e+6
tonnes of solar salt

Next, how much salt are we going to have to pump?

Since an “average-sized power reactor” is one GWe and we’re assuming SMRs one third that
powerful instead , let’s start by estimating what it’d take in terms of heat exchanger (HX)
surface area to transfer one third of one of todays ““ average sized” reactor’s heat output to a
44.4 GWh “CRUSH?’ battery’s heat transfer fluid.

According to Mr GOOGLE (Shell and Tube Heat Exchanger: Top 7 Reasons Not to Purchase
(csidesigns.com) ) “plate & frame” type HX’s are the best/most efficient ones out there (can
transfer about 2500 J’s worth of heat/m2/degree*

Let’s also assume that the salts on both side of its “plates” are like FLiBe; i.e., possess densities
of about 2 g/cc at the system’s working temp and heat capacities of ~2.4 J/s/cc (Mr. GOOGLE
says that FLIBe’s heat capacity is 2414.17 kJ/kg/ K)

Let’s also assume that the temperatures of the molten salt on both sides of each HX plate change
100C during their passage through it

If so, each of our huge heat battery’s-charging system’s three 1000 MWt SMRs would require
HXs possessing surface areas of about 1E9 j/s /2500 J/s/m?/degree/100 degrees or ~4000 m?

(that’s a total of ~12,000 m2 ‘s worth of super-efficient HX area for all three of ‘em)

Next, how much salt would we be pumping?
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To transfer each SMR’s 1E9J/s’s worth of heat energy with a 100-degree temp differential with
its respective HX, we’ d have to be pumping 1¢9/2.414/100 or 4.125 tonnes of salt past each
of its two sides per second)

(that’s pumping a total of 24.4 tonnes or ~12.4 m® of molten salt/second through our
hypothetical close-coupled, 3 reactor/ CRUSH battery system)

Accomplishing something that isn’t apt to be trivially easy or cheap. Especially on the almost
inevitably y “dirty” hot- rock side of its HX’s)

Finally, since several more of Mr. GOOGLE’s hits suggested that “solar salt” typically

costs about $1500/tonne, that battery’s heat transfer salt alone would cost 2.5 billion dollars -
which figure is likely much too low because of the recent greater-than doubling of nitrogen
fertilizer cost

Wouldn’t it make more sense to just concentrate upon building enough of the right sort of
reactors, not generating/protecting “novel” IP .

This is just some more ball parking suggesting that trying to do “all of the above” in every
possible way rather than focusing upon the best option (100% nuke) isn’t likely to work.

2.4.5.5 Synfuel-type energy storage “batteries”

Another storage idea (Yolcular 2007) that’s gotten some traction invokes reversible conversion
of toluene (aka methyl benzene, an unsaturated compound ) to its fully saturated chemical
analog, methyl cyclohexane (MCH), via hydrogenation with renewable power-generated
hydrogen.

3H +CH3-CgHs <+ CH3-CgH11

When electricity demand exceeds production, that reaction is to be reversed via the use of a
“proprietary” catalyst to regenerate the hydrogen for use in fuel cells, engines, etc.

That sounds great but has some practical drawbacks. First, the energy value of the hydrogen
involved (3-gram moles per mole of methyl toluene) is far less than that of its toluene “carrier”
(a good motor fuel in itself), which means that that system could not replace a car or truck’s fuel
tank. Second, the huge amount of toluene required to so-fuel those factories, homes, and
industries requiring reliable power in a 100% non-nuclear renewables-powered world would be
impractically huge and pose serious safety issues. That energy’s storage medium, some
combination of MCH and toluene, and the reversible hydro/dehydrogenation system required to
use it, is unlikely to be approved for operation in homes or even in most commercial settings.
That reaction requires heating MCH sufficiently to undergo endothermic dehydrogenation to
release its hydrogen thereby leaving toluene as an empty/spent hydrogen carrier - essentially
what some of an oil refinery’s “reformers” do. That reaction is unlikely to affect 100%
conversion in either direction. The subsequent rehydrogenation step to convert the “spent”
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toluene back to MCH requires both some heat and pressurized hydrogen. Overall, however, that
step is exothermic meaning that the system must be designed to either utilize or safely waste
such heat. This brainstorm poses too many control issues to be applicable to anything outside of
a dedicated refinery-type industrial site. Shuttling both the storage medium and hydrogen around
anywhere else would pose too many safety issues.

Here’s another “battery” brainstorm (mine).

At some time in the future, it might be possible to utilize the USA’s already-paid-for natural gas
“trunk lines” as chemical (hydrogen gas or ammonia) “batteries” to back up its intermittent
(wind & solar) renewable power plants. That network apparently consists of about 278,000
miles worth of 24-to-36-inch diameter pipes typically operating at 1000-1500 psi.

Assuming a pressure of 1250 psi, a pipe diameter of 30 inches, & that high-pressure hydrogen
behaves like an ideal gas, that system could store ~7.74E+11 gram moles of hydrogen. At a
combustion energy of 286 kJ/mole, that works out to 2.21E+17 J or about three fourths of one
day’s worth of the USA’s current primary/raw energy demand (~100 quads/365
days/yr...Homework — check my calculation).

The same trunk lines could probably also both store & transport pressure-liquefied "nuclear
ammonia” instead of hydrogen. It's a lot more energy-dense (liquid ammonia ~12x higher than
1250 psi H2) and much less apt to go boom if/when someone screws up.
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methanol, hydrates, etc.)
Days
- Advanced Batteries - =
(Flow batteries, Thermo-Mechanical
Batteries NaS, Advanced (Compressed air,
Hours (Li-lon, Lead Acid Lead-Acid,etc.) Electro-thermal, etc).
| NiCd, NiMH, NaNiClz,
Minutes e — - Chemical
" High P« [ Thermo-mechanical
] [ Mechanical
: - = [ Electrochemical
Seconds High Power Supercapacitors [ Electrical
and Superconducting magnetics
1kW 100 kW 1MW 10 MW 100 MW 1GW

Figure 32 Energy storage technology regimes (Valera Medina et al 2021)
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Our decision makers should be thinking about what's apt to be happening circa 2100AD after oil,
natural gas, and coal have all "peaked out", not about what’s currently most profitable/sensible or
represents the cheapest immediate next step in moving towards a cleaner, greener future. The
USA’s current competitive market designs do not allow producers to either pay for spare
capacity to deal with contingencies like 2021°s “URI event” or prepare for a future subject to
different constraints. Thanks to that drive, its entire economy is headed toward scarcity

pricing. It’s a terrible way for humans to live because it puts us always on the edge of another
disaster.

By 2100 AD there won’t be any cheap natural gas left to frack meaning that whatever fuel
replaces it must be human made. Hydrogen can be made with "excess" renewable electricity
whether it be nuclear, wind, or solar & would be a good fuel for stationary equipment but not so
good for cars, motorcycles, etc. Today’s natural gas trunk lines, pipes, etc. could both store &
deliver it cheaply.

Another reason for adopting a synfuel-based storage scheme is that it’s much cheaper to move
huge amounts of energy from one region to another via a pipeline than it is via any sort of wire-
based distribution system. For example, due to what’s been going on along the Ukraine/Russia
border recently (winter 2021-2022) one of the most controversial (trans scientific) international
technical issues is what’s to become of the Nordstream-2 pipeline. Germany desperately wanted
it to be completed because one consequence of its Energiewende is that the shutdown of its
nuclear power plants rendered its citizens/industries even more dependent upon Russia’s natural
gas. Nordstream-2 is an already built 1,230-kilometer-long (764-mile-long) natural gas
pipeline under the Baltic Sea, running from Russia to Germany’s Baltic coast. If it ever actually
does run, it would double the capacity of its/their earlier Nord Stream pipeline to 110 billion
cubic meters of gas/year and sidestep Ukraine and Poland both of which would lose lucrative
transit fees being collected because Russian gas now flows to the EU through what’s become
too small and too vulnerable pipelines.

How much power transmission capacity would such a pipeline represent?

That’s easy to ballpark. Since burning one cubic meter of natural gas generates 38.3 megajoules
and there are 31.5 million seconds in one year, 110 billion cubic meters of gas per year
corresponds to a heat-type energy transfer rate of 117 gigawatts. A modern gas fired electricity
generator is about 50% efficient which means that that pipeline could easily move about 60
GW’s worth of electricity - about 50 times greater than that of one of today’s “bigger”
electricity transmission systems (see Electric power transmission - Wikipedia).

To me it seems that something like that represents a better grid-scale "battery™ (~61 GWh's worth
for Hz, ~730 GWh for “green” ammonia) than does anything else we've been hearing about.

Homework problems 78-82  have to do with such a scenario.
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Over the long haul a hydrogen economy would have to be implemented with “green hydrogen™
generated via electrolysis of water with carbon-free electricity and much is riding on that
scenario’s success. Green hydrogen’s three key requirements are water along with the renewable
energy and electrolyzer that splits it into hydrogen and oxygen. It’s morphed from being a niche
climate-change solution three or four years ago, into something that could power everything
from shipping, aviation, and large trucks to industrial processes like making steel and fertilizer.
The International Renewable Energy Agency (IRENA) estimates that it could account for almost
a tenth of global final energy use by 2050 According to the Hydrogen Council that project there
are ~680 large-scale hydrogen projects under consideration around the world requiring an
estimated $700 billion of investments to hits the world’s already-announced 2030 net-zero
emissions targets. Other companies including BP , Fortescue Metals (FMG.AX) and Reliance
Industries (RELI.NS) are leading the charge into green hydrogen.

One issue is the cost of the non-performing assets associated with employing intermittent
'renewable’ power to make clean Hz. This would mean that few people are apt to be able to
afford renewables-generated green hydrogen because electrolysis plants are expensive to build
—if operated only 25% of the time, the value of the energy required to power them would be
under their financial charges.

People who have operated real chemical plants, would put the chances of successfully operating
a hydrogen plant that stops and starts both often and randomly as low. Chemical plants run
differently than do most manufacturing plants. In the latter, both startup and shutdown are quick
and easy —that is why many of them can operate one, two, or even three work shifts depending
upon demand. On the other hand, chemical plants often run continuously for over a year due
both to startup difficulties and high equipment failure rates during startup and shutdown. The
state of New York was recently supporting PV manufacturing—it did not go well. One of the
biggest problems is that it has industrial (manufacturing) unions with rules that do not work in
the process industry.

Another issue with current plans is water availability. A search for “water” in those companies’
statements, generally yields nothing which suggests that their prospectus writers are either
ignoring the risks, underestimating how much is needed, the challenges of securing it, and how
much it will cost *°

150 One issue is that generating the required power usually would mean building factories in areas where either
industry, agriculture and households are already heavily competing for water, or in the hot, dry, sun-drenched
deserted most suitable for solar panels. Estimates on how much water will be needed vary wildly and problematic
because ~85% of the planned facilities are in regions already suffering from water stress. In May 2022, Australia’s
Kallis Energy Investments cancelled plans to build a 6-gigawatt green hydrogen facility in South Australia because
getting enough water to run it proved to be an insurmountable problem.
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These factors will likely drive canny investors and customers away because they would greatly
increase the price of its system’s product. Any governmental subsidies associated with such
hydrogen’s use would also have to grow if such schemes are to remain viable and there’s no
assurance that that would happen.

On August 31, 2021, President Biden’s Secretary of Energy Jennifer M. Granholm and U.S.
Senator Joe Manchin (D-WV) joined with Deputy Secretary of Energy David Turk, Special
Presidential Envoy for Climate John Kerry and Breakthrough Energy founder Bill Gates for the
opening session of the U.S. Department of Energy's (DOE's) first ever Hydrogen Shot Summit, a
virtual gathering of leaders from around the world to map out strategies for achieving DOE's
goal of driving down the cost of clean hydrogen by 80% (from~$5 to $1 per kilogram) within
this decade™'.  In my opinion, what makes it good news is the fact that Bill Gates was invited to
participate - he’s both willing and able to come up with realistic solutions to technical problems
— not just bloviate about them.

Most of today’s hydrogen is "gray" meaning that it’s made via the steam reforming of natural
gas or coal — a process which produces carbon dioxide that usually ends up in the atmosphere
but makes hydrogen more cheaply than does electrolytic cells powered with today’s electricity.

The hydrogen rainbow

Researchers use colors to distinguish
between dlfferent kinds of hydrogen.
Gray hydrogen Made from fossil

fuels, which release carbon dioxide and
add to global warming.

| Blue hydrogen Sameasgray
hydrogen, but the carbon is captured

and sequestered.

151

Hydrogen Shot is the first in a series of DOE’s new Energy Earthshots to support President Biden's goals of
transitioning the USA’s economy to clean energy and addressing the climate crisis. Earthshots are aimed at driving
the major breakthroughs needed to dramatically reduce costs of critical clean energy technologies by 2030, scale
deployment to reach the goal of a net-zero economy by 2050 and create clean energy jobs.
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However, since we still don’t have reliable cheap, clean, and renewable power, for as long as it
lasts, natural gas could either be converted to clean “blue hydrogen” by merging steam reforming
with carbon capture and storage (CCS) or to "turquoise™ hydrogen- (a merge of blue and green)
via pyrolysis which converts the methane’s carbon to elemental “carbon black”. One of the
outfits (C-Zero) proposing to make that shade of it plans to do so by bubbling methane through a
molten nickel bath which is supposed to generate tiny carbon particles entrained in its H> gas
product are then separated with a bag house and/or cyclone. Other companies propose to use
iron and/ or iron ore. Another scheme would bubble the methane through a molten tin bath
where its carbon ends up floating on the top where it can be skimmed off.

These concepts’ carbon black byproducts could either be utilized for doing useful things like
making rubber tires or simply buried & thereby becoming “fossil char” (aka manmade coal).

Finally, to complete the rainbow, there’s “orange” hydrogen stimulated by pumping water into
deep source rocks containing elemental iron or basaltic minerals which upon hydration generate
hydrogen via “serpentinization” and “gold” hydrogen tapped from so-generated natural
subsurface accumulations.

In any case, here’s a great idea that would eliminate the “where’s all that water going to come
from” issue. (from John Rudesill see https://www.chemistryworld.com/news/seawater-
splitting-system-could-scale-up-renewable-hydrogen-production/4013332.article ). It invokes an
electrolysis cell containing the anode and cathode and, initially, pure water plus a pure salt
electrolyte. The bottom and sides of the cell would be covered with a semipermeable
membrane (Nafion?) that only lets water'® through. That cell is immersed in naturally “dirty”
seawater or some other readily available water source . As the cell operates, its water content
decreases which increases its electrolyte’s concentration until the resulting osmotic gradient
favors permeation of water from the surrounding brine to into the cell. The pure water feed
from such water resources is therefore cheap and essentially limtless.

152 Nafion is also permeable to the hydrogen cations (H* aka protons) generated by splitting up water but not to its
solutes other cations or anions.
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Finally, here’s a note from MIT’s Charles Forsberg.

“Green hydrogen based on electricity from the grid is unlikely to be economically
viable. Hydrogen plants have very high capital costs and are chemical plants.
Even if zero-price electricity, can’t afford a hydrogen plant operating 25% of the
time. Economics requires 24/7 operation. Chemical plants do not like cycling as
equipment and seals fail—that can result in very bad days. | am giving a talk at the

AiChE 2021 Solar

AIChE Solar conference later this week (<" ?-P9" ) on what may be required

to produce base-load electricity from PV that is the starting point of green
hydrogen. The PV is coupled to 100-GW; heat storage. Use DC from PV to heat
nitrate salt that transfers heat to the Crushed Rock Ultra-large Stored Heat
(CRUSH) system. The problem with the grid is that it is a third of the cost of
delivered electricity so want to avoid that cost. Do not want to convert DC to

AC and the grid to send to some storage system. There are some other
implications. Minimum size is somewhere between 100 and 300 square kilometers.

If hydrogen production goal using PV electricity, use CRUSH and more efficient
lower-capital-cost high-temperature electrolysis that requires steam and electric
input. Ship hydrogen by pipeline.

People are under the false impression of small-is-beautiful renewables.
Economically affordable renewables will likely be 100 square mile solar systems
and 200-meter-high wind towers. The Chinese have figured this out.

2.1.5.6 Couldn’t Mr. Musk’s “Virtual Power Plants” fix everything?

Virtual power plants (VPP) are mostly imaginary cloud-based distributed power plants that
aggregate the capacities of heterogeneous distributed energy resources (e.g., roof mounted solar
panels) and storage systems (e.g., Powerwalls and/or plugged-in BEVS) to either enhance power
generation or (more commonly) to trade/sell power on the electricity market. Real examples of
virtual power plants currently exist in the United States, Europe, and Australia.

GOOGLing “VPP” brings up some facts about an Australian program that Mr. Musk is heavily
involved with (https://www.ny-engineers.com/blog/virtual-power-plant)

It’s supposed to eventually involve 50,000 homes each of which is to have SKW’s worth of solar
panel generation capacity and one 13 kWh TESLA Powerwall. The total money already
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invested on the first 1100 such homes is ~ 32 million AUS dollars which works out to a bit over
18,600 $US per household.

If we assume that each of its Powerwall batteries requires 20% more lithium than is suggested by
a purely stoichiometric calculation (~0.094 kwh/gram mole L.i), the total amount of that metal
required for Mr. Musk’s 50,000 homes project would be about 57 tonnes.

Extrapolating to the USA’s 330 million people assuming 3 persons/house and that each home
also has a 75 kwWh TESLA car to run around in, the total lithium required to do the same thing on
this side of the Pacific would be ~80,000 tonnes — about one year’s worth of current world Li
consumption. In principle that’s doable/possible too.

Finally, assuming the same $18,600 per home for the Powerwall/solar panel combos & that the
cars’ 75 kWh batteries cost $200/kWh (about one half of what they do now), outfitting the entire
system that way would cost about $3.7 trillion. In view of what’s happening today in response to
the Covid-19 pandemic & Putin’s madness, that figure is also not unimaginable.

So far, this all sounds great but there are some issues. First, most homes require much more
energy than 5 kW’s worth of solar panels could provide, (mine certainly does), especially
during the winter Charging up its residents’ car batteries as well would make that situation
worse. Most important is the fact that their home & cars represent only a fraction of the total
energy required to provide them or their descendants with everything needed to live as well as
we do now.

It’s fun to think about though. If I were still an academic or actively consulting, someone might
even pay me to “study” it for a few more years.

2.1.5.7 Electricity storage business issues (much help from Paul Achionne)

There are four problems to solve before you can make a viable business (not political) case for
seasonal energy storage:'*

(1) Duty Cycle

Battery storage is affordable if storage is completely cycled every hour or so. Pumped
hydroelectric storage is affordable if you fully cycle it at least once every week. Any sort of
storage cycled only twice a year would be outrageously expensive. The reason for this is that the

153 ... The rest of this section reflects the experience, words, and opinions of Paul Acchione — one of Canada’s
senior-most Professional Engineers.
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storage system’s capital investment must be paid for by its energy flow. If you fill and empty a
“battery” every hour, you have 8760 opportunities per year to pay for it. That is not the case for
seasonal hydroelectric storage filled in the spring and discharged during the
summer/fall/winter. In most of the world, both electricity supply and demand is highly seasonal.

(2) Energy Losses

All forms of storage have significant losses that must be paid for by producing additional energy.
State of the art batteries and their associated electronics are the most efficient ( ~90%) for ~one
hour cycles but much less so on a seasonal cycle as anyone who has ever left his car in storage
over the winter knows. Pumped hydroelectric is likely the cheapest storage if you happen to be
in the right place'®* but only 70 to 80% efficient due to inevitable pump, turbine, and generator
losses. Round trip compressed gas and hydrogen electrolysis efficiencies are smaller yet. On a
seasonal basis, round trip efficiency of compressed air storage® is terribly low unless fossil fuel
is burned and then not counted to replace the heat energy lost to the earth or whatever else that
air is stored in.

(3) Price Arbitrage

Many proponents of storage facilities assume arbitrage (price difference between daytime and
nighttime) to pay for the system. That only works for storage systems too small to affect the
supply-demand bid price stack. Large storage facilities do affect that price stack. When they
consume power at night, they use so much of it that they drive up demand and market

price. During the day they generate so much power that they push the market price down. The
result is that once a large storage facility starts to operate there will be too little daily price
difference to generate sufficient arbitrage earnings to pay for itself. Therefore, you must find a
way to finance it as a common system service financed like a transmission system; as either a
surcharge on consumer energy use or consumer peak power demand.

(4) Supply-Demand Hourly Misalignment

Storage requirements are determined by supply-demand “power" imbalance over a period of
time. . It must be sufficient to absorb the supply-demand energy imbalance over the complete
duty cycle. If only short term hourly, daily, weekly or even monthly unbalances are considered,
the facility will not be large enough to address peak hourly power imbalances throughout the

154 This means a big river or lake situated close to a mountain with a big reservoir at its top.

155 This is typically done by pumping air (which of course heats it) into underground cavities created by the
“solution mining” of salt (NaCl) from rock salt formations. That heat energy gradually bleeds off into the
surrounding salt.

171



entire year. For example, a seasonal storage system capable of absorbing Ontario’s (Canadian
province) surplus energy over one season would be enormous.

The following figures for Ontario’s ~25,000 MW power system assume three different
generation technologies. A mix of generation technologies would require less storage but
nevertheless unaffordable.

- a 100% nuclear power system needs a storage system with 9,000 MW of “power" capacity with
2,600,000 MWh of “energy” capacity.

- 2 100% wind power system needs a storage system with 40,500 MW of “power" capacity with
22,000,000 MWh of “energy” capacity.

- a 100% solar power system would require a system featuring 115,000 MW of “power" capacity
and 29,000,000 MWh of “energy” capacity.

That much storage would drastically increase electricity rates. Ontario’s electricity rate numbers
based upon the 2013 OSPE study using the cheapest storage technology (pumped hydroelectric)
will frighten you. OSPE did not “study” chemical batteries because seasonal storage cost would
be over 20x higher than is pumped hydroelectric.

TESLA'’s recently installed/commissioned grid-qualified electrical storage battery cost Australia
$66 million for a 100 MW/129 MWh system or about $511/kWh in 2017-type dollars®®. At
those prices a seasonal battery storage system for Ontario’s power grid would cost $1.3 trillion
for a 100% nuclear power system, $11 trillion dollars for a 100% wind system and $14.5 trillion
for a 100% solar system. That’s well beyond Ontario citizen’s ability to fund anything.

The Ontario Society of Professional Engineers (OSPE) has been recommending a different
approach. Retail rates should change so that consumers could buy surplus electricity at its low
wholesale energy price and use it to displace the higher cost fossil fuels currently satisfying their
heating needs utilizing hybrid (dual fuel) heating systems for hot water, space heating and
steam. They should also use the low-cost surplus power to charge electric cars and/ to make
hydrogen gas for industry and the transportation sector®®’.

16 Let’s try to put that “big” number (129 MWh) into perspective. Because GOOGLE says that Australia makes
about 1.63 million tonnes of aluminum per year and making one tonne of it requires~17,000 kWh of electricity, its
then “world largest” grid backup battery could power the aluminum factories consuming ~10% of its power for
~2.45 minutes if it were fully charged and able to dump its energy quickly enough (it couldn't).

157 “The Environment Plan is evolving to address the environmental priorities of Ontarians as new information, ideas
and innovations emerge. Although not a new idea, hydrogen has re-emerged as an exciting and potential long-term
way to address climate change and air quality while creating opportunities for industry to grow. Depending on how
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The mass deployment of storage could overcome one of the biggest obstacles to renewable
energy — it’s cycling between oversupply when the sun shines or the wind blows, and shortage
when the Sun sets or the wind drops and thereby replace the fossil fueled "peaker"” plants that
must be built if/when today’s “market forces” (selfishness) substitute unreliable energy sources
for reliable ones.

California is currently the global leader in the effort to balance the intermittency of renewable
energy in electric grids.

A few years ago, Power Magazine published a description of the CASIO system’s new pony-
motor powered, “synchronous condensers” — another of the expensive/complicated crutches
added to address some of the problems caused by substituting intermittent power sources for
more reliable coal/gas/nuclear ones https://www.powermag.com/aes-uses-synchronous-
condensers-for-grid-balancing/

A synchronous “condenser” is a huge/heavy DC-excited synchronous DC motor/generator whose
shaft spins freely and isn’t connected to anything. Its purpose is to optimize the grid’s short-term
characteristics, not convert mechanical power to electric power or vice versa. lts field
current/power is regulated to either generate or absorb AC reactive power as needed to
maintain/adjust the grid's voltage (flywheel effect) or improve its power factor. It cannot
increase the grid’s capacity for more than a minute or so.

Another crutch would be to install lots of big, expensive, utility-scale batteries.

In December 2020 Vistra Energy began to operate its Phase 1 300-MW/1,200-MWh lithium-ion
battery storage system at its Moss Landing CA, combined cycle gas power plant. It is currently
the world’s largest grid-scale battery storage system comprising 4,500 stacked battery racks,

each containing 22 individual battery modules in a building that used to house the turbines of one
of that facility’s two gas fired power plants!®®, No cost information was released but based upon
that of Australia’s recently “world’s-largest” 129 MWh battery pack, it is likely to be on the

it is produced, hydrogen has the potential to be low carbon, for example, hydrogen that is produced from Ontario’s
electricity grid. Together with other actions, hydrogen can help decarbonize our economy and reduce our reliance on
fuels that have a larger carbon footprint like coal, natural gas, diesel, and gasoline. Considering opportunities to
support this sector could help Ontario’s longer-term economic recovery in all regions of the province as businesses
rethink how they operate and grow. This is especially important since about 80 per cent of Ontario’s 2018
greenhouse gas emissions came from transportation, buildings and industry — all areas where hydrogen can be used”
.(Ontario Low Carbon 2020)

188 Moss Landing used to be California’s largest power plant, 2560 MW, before one of its two politically incorrect
gas-fired units was shut down. Its current generating capacity is 1.3 GW to which its batteries if fully charged can
temporarily add 0.3 GW.
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order of $600 million. That’s to provide about one third of the Moss Landing’s power plant’s
nominal output for ~3.5 hours (not days, weeks, or months).

As far as that company’s investors are concerned, it sounded like a great deal because it will
enable its owners to make money via daily time-shift electricity arbitrage (load the battery from
CASIO’s precariously over loaded grid when the spot price is low & sell it back when it’s high).
They’ve been given that opportunity because California’s retail utility ratepayers apparently
don’t mind writing big checks for good-sounding causes. The resulting pain is their own fault
because they’ve not only been willing to put up with too-high utility bills & taxes, overly
intrusive/special interest driven government, but also insist upon re-electing the politicians
responsible for it.

It may not seem like such a good deal now because it had to be shut down eight months later
(4Sep21) when it experienced its first fire. First responders found scorched battery racks and
melted wires. It experienced another meltdown five months later on 13February2022 -that time
its fire fighters discovered that another ten battery packs had melted.

South Korea had bit into the grid scale battery apple before the USA and Australia and thusly
became the world's largest market for them before a rash of fires halted further deployments. In
early 2019 South Korean government officials largely stopped deployment of new lithium-ion
battery systems and urged operators to curtail operations of existing ones after twenty-three
battery fires had broken out. Many owners continued operating, however, and more battery fires
have been reported both there and elsewhere (see Figure 34).

By June 2021 South Korea's Ministry of Trade, Industry and Energy completed a several
months-long investigation concluding that the fires were caused by a range of issues including
lack of protection against shocks, faulty installation practices and control systems incompatible
with other components.

More broadly, though, investigators at DNV GL—a global engineering standards firm contracted
to investigate the root cause of one of the fires—said the common (most profitable) practice of
cycling those lithium-ion batteries from close to zero to 100 percent and then back down again
daily was the underlying cause. That hard-driving cycling pattern is common with storage
systems co-located with wind and solar farms in order to make money via arbitrage.

"If we start cycling those batteries as aggressively as we do in Korea, we will likely see similar
failure rates,” George Garabandic, DNV GL's energy storage leader for the Asia-Pacific region,
told The Energy Daily. "It should be expected that a higher component stress will result in
higher levels of random component failures. In other, more developed energy storage system
(ESS) markets, the batteries are providing services similar to frequency regulation, and the
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component stress is relatively milder.” https://ihsmarkit.com/research-analysis/aggressive-
loadshifting-could-increase-battery-fire-risk-inves.html

That assessment could/should but didn’t prove problematic for the U.S. utility-scale battery
developers currently planning to co-locate storage with solar generation for the same purpose as
did their south Korean colleagues.

Batteries are great “insurance” if you don't actually use them. In that respect they are rather like
INL's reactor research facilities - there’s lots of big, shiny, expensive stuff to impress important-
enough "tourists" (especially politicians) but not much really going on because doing that would
be “too risky”.

This subchapter’s bottom line is that regardless of how good any sort of energy storage system’s
“battery” might be, its economics would be terrible with respect to seasonal - not just hourly,
daily, or weekly energy shifting.

Consequently, I conclude that the best address these issues without resorting to genetic
modification®™® to would be to power the grid with clusters of sustainable nuclear reactors
(e.g., GE Hitachi’s already developed S Prism) that wouldn’t require other backup and could
also provide both electricity and process heat needed to make the green hydrogen, ammonia, and
liquid synfuel(s) required to keep the other sectors of our economy going too.

3.3.4 The reasons why politically correct renewables couldn’t “save the world”

Nuclear power is the world’s safest and lowest cost of humanity’s simultaneously reliable and
clean electrical power sources. In terms of documented, not hypothesized, deaths per kwWh,
official statistics say that nuclear power is 24 times safer than solar PV; 178 times safer than
onshore wind; 850 times safer than offshore wind; 7,190 times safer than natural gas; 10,000
times safer than oil; and 12,000 times safer than coal. Its relatively low cost is evidenced by the
fact that the world‘s biggest low GHG emission power systems (France, Quebec, Ontario,
Sweden, Norway, British Columbia, Paraguay, and Switzerland) all employ some
combination of nuclear and hydro for over 80% of their power (Figure 33).While hydro is
even cheaper than nuclear, it is an already nearly maxed-out geographic blessing with many
environmental constraints.

159 Of course, another way to address this issue would be to genetically modify us humans so that our descendants
could comfortably either estivate (summers) or /hibernate (winters) when &where ever Mother Nature wasn’t
providing enough “renewables”. Also of course, the downside of that is that then we’d all be GMOs which would
therefore deprive our already too-sensitive & much put upon cannibal-type citizen minority of “natural” food.
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Figure 33 The world's already clean electrical systems

We've known for almost 60 years how to go about addressing the damage engendered by our
civilization‘s dependence upon “dirty” fuels, most of which will likely be exhausted within
another single human lifetime. Figure 33 points out how the countries that already possess low
GHG emission electrical grids have achieved it.

1. If your country has been endowed with lots of mountains, high winter snowfalls, and
summers warm enough to melt that snow (e.g., Norway), dam your rivers & install lots of big
hydroelectric plants

2. If Mother Nature has not been so generous, build lots of nuclear power plants.

After reading X Prize Foundation — Wikipedia and watching Bezo’s, Musk’s & Branson’s all-
different spaceships all successfully complete their respective missions recently, I’ll admit that
some sort of “privatization” may indeed be the best way for humanity to get big things done.
However, it can’t be the same sort of privatization that’s led to the disillusionment responsible
for the rise of ethno-nationalism on the right, socialism on the left, the election of leaders like
Adolph Hitler and Donald Trump, and the fact that although the USA is the world’s largest
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producer of both oil and gas, its government can’t protect its citizens from the consequences of
both Mother Nature’s “events” and the actions of a petrostate dictator like Vladimir Putin®°.

Assuming that “energy services” means electricity (that’s reasonable because most of its
applications are nearly 100% efficient) and that no worldwide, zero loss (magic) power grid has
somehow come to be, generating Africa’s share of the future’s total energy/power supply would
require about 12,000 [30*4.5/11.2*1012/109] full-sized (~one GWe) “renewable” nuclear power
plants generating an average output power of ~9 TWe [4.5E+9*2 kW].

Electricity’s value primarily is in its dependable energy, not its total yearly-averaged energy
“capacity”'®. An electrical grid should provide dependable power when and where it’s needed,
not just when the sky is clear and the wind is blowing. Most renewable electricity sources do
not provide dependable power and therefore only have value as fossil fuel displacement sources
for interruptible applications.

Wind and solar power’s unreliability mean that individual power grid electricity markets should
price (value) their energy at approximately zero cents per kwh. Such energy is basically a dump
product with two uses; 1) whenever it’s available it can displace energy currently being
produced by sources whose operation generate pollution (fossil fuels) , and 2) storing such
cheap energy for which the only sensible current applications are charging electrical vehicle &
RV batteries because they must store electrical energy and equipped to do so. For those people,
“dumped” solar energy is useful because it lowers their electric bills, provides some “free”
transportation, and lets them park their RVs in campgrounds that don’t allow visitors to run
generators all night long. On the other hand, dumping tons of solar and wind energy into a
“deregulated”, all-of-the-above-based, electrical grid is harmful because it drives down
wholesale (short term bid) — not retail — electricity prices to the point that reliable (firm) power
sources cannot survive.

I’ start with an example that demonstrates why today’s politically correct renewable energy
sources could not meet that demand.

160 That’s due to the “market forces” rendering it more profitable for American producers to both limit production
and sell their oil and gas elsewhere. Unlike Russia, the United Arab Emirates, and Saudi Arabia, the US federal
government does not claim rights to the oil and gas under private land and has no policy tool to quickly adjust
production to insulate its economy from geopolitics, slow down climate change, or address the consequences of
Putin’s war. In the USA both production and marketing are determined by its “Project Independence’s” privatized,
greed-dominated, and amoral energy business models (e.g., GOOGLE “Texas RailCommission”) America Is the

World's Largest Oil Producer. So Why Is Losing Russia's Oil Such a Big Deal? - The Atlantic .

161 Doing so is like basing your food choices solely upon taste ignoring protein, vitamins, and minerals. It’ll work
for a while, but ornery old Mother Nature’s “technical details” will eventually catch up to you.
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First, let’s see how many of today’s purportedly “cheap”, roof top-type, solar panels would be
required to produce 2100 AD-Africa’s 9 TWe’s worth of useful energy. At Home Depot Dec.
2018 we could have purchased four, real, state of the art (19% efficient), 265 watt-rated, 1.61 m?
(39” by 65”) solar panels for $1412 (they’d cost you about $150 more today). If they were to be
employed in Nigeria (close to the Earth’s equator), which purportedly exhibits an average solar
irradiance of 5.5 kwh/m?/day (Ojuso 1990), each of those panels could theoretically generate a
yearly-averaged power of 70.1 Watts [1.61*0.19*5500*3600/(24*3600) ] which means that their
average annual capacity factor (CF) would be 26.4% [70.1/265]. That CF is about four times
greater than it would be if the same panels were installed in northern Europe and ~50% greater
than that anticipated by South Africa’s energy experts circa 2050 (Table 3).

Anyway, a CF of 26.4 % suggests that powering Africa’s 4.5 billion future citizens with them
would require 128 billion [9000E+9/70.1] such panels costing about $45 trillion 2018 dollars.
Since solar power is ineluctably intermittent (unreliable), they would also have to buy enough
batteries of some wort to keep things running during the 73.6% [100-26.4] of the time that their
solar panels would not be producing much. How many batteries would that be? Assuming that
Africa’s future inhabitants decide that they could get by with just one day’s-worth of energy
storage (that’s not “conservative” - widespread cloudy and windless periods often last much
longer than one day) they would have to build/buy about 216 billion kWh’s worth of storage
capacity [2000 J/s*4.5E+9*3600 s/hr*24 hr/day/3.6 E6 J/JkWh = 2.16E+11 kWh], which, if
implemented with Tesla's equally real and state-of-the-art 13.5 kWh, ~$7000, lithium ion
battery-based "Power Walls", would cost today's subsistence farmers’ hopefully much more
prosperous descendants another $100 trillion [$7000/13 kWh*200E+9 kWh/3.6E+6 J/KWh]
2018 US dollars to purchase the first time around (& don’t forget that lithium ion batteries aren’t
apt to last more than ten years)*°2,

People can starve or freeze to death within a few days or weeks which means that decisions
based upon yearly-averaged renewable energy resource estimates (annual CF*nameplate
capacity) aren’t sufficiently conservative'®,

162 As far as economy of scale is concerned, in 2017 Tesla built the then world's largest utility backup battery (129
MWHh) in South Australia for $66 million. Assuming those figures ($511/kWh), the purchase cost of this example’s
single days’ worth of energy storage would be $243 trillion. Figure 34 depicts the fate of two of Australia’s shipping
container scale battery packs - a commonly encountered drawback of that approach to storage both there and
elsewhere .

163 Capacity Value (CV) = capacity factor of a source only during a region’s peak demand periods- not the annual
average. Its value for intermittent sources is inversely related to the fraction of the system’s total capacity
represented by that source. Ontario’s wind power’s CV=11% and PV-type solar is 5%.
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For this sort of application Li ion batteries don’t scale for several reasons one of which has to do
with the most expensive component of the batteries in Mr. Musk’s BEVs, cobalt.

Figure 34 Two of Australia’s shipping-container-sized battery packs going up in smoke
https://www.ans.org/news/article-3292/australia-has-invested-in-batteries-for-grid-security-
its-not-going-as-planned/

When a Li ion battery charges/discharges, the cobalt within its cathode shifts back and forth
between its tri and quadrivalent oxidation states.

Since...
e alithium ion battery’s voltage averages about 3.5 V
e one equivalent ‘s worth of charge is 96500 coulombs (one Faraday), and
e cobalt’s equivalent weight for this reaction is 58.9 grams

...one kWh’s worth of storage would require an absolute minimum of 628 grams
[3.6E+6/96500%58.9/3.5 ] of cobalt. One day’s worth of 9 TW power storage adds up to 216
billion KWh which translates to a cobalt requirement of 1.36E+11 kg. Last year’s (2018) total
world cobalt production was about 1.5E+8 kg or ~ 0.11% of that required by this scenario.
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Elon Musk chose to use Panasonic’s cobalt-cathode based lithium ion batteries for his TESLA
cars because they represented an already available solution to the problem that he had set out to
solve.

Panasonic picked that cathode because it represented an already worked out solution to the
problem that it had set out to address, not because cobalt is the “best” or only transition metal
that could serve that purpose.

Co-based BEV batteries represent a prematurely “locked in” technology just as today’s LWRsS
do.

Lots more work has been done since then & Li-ion batteries using manganese, titanium, nickel,
and iron-based cathodes have all been developed & could serve the purpose we’re talking about
here.

I suspect that his mystery metals are copper and steel along with whatever’s in the car’s
switched reluctance motor’s “advanced control system’s transistors - probably mostly just
silicon.

There’s no compelling reason to believe that the future’s EVs are going to require rare earth
elements (REES) in their motors or cobalt in their batteries.

A more real limitation has to do with lithium. A state of the art, 2Ah 18650 Li-ion battery
contains about 0.6 grams of lithium
(http://batteryuniversity.com/learn/archive/is_lithium ion the ideal battery). That
works out to about 86 grams of lithium per kWh [0.6*3.6E+6/(3.5*2*3600) = 85.7]. Scaling that
up to 216 billion kWh translates to 18.5 million tonnes of lithium - about 394 years’ worth of
current world-wide production/demand (~47,000 tonnes/year)64,

Sovacool et al’s Jan 3, 2020 Science paper lays out the near-impossibility of mining enough
“technical metals” including lithium to reach a 100% renewable objective by 2050. Envision

164 At the moment, an all-solid-state battery concept featuring a lithium metal anode appears to be a candidate for
surpassing conventional lithium-ion battery capabilities (Lee et al 2020). It features a sulfide —based electrolyte
(e.g., Li 9.54Si1.74P1.44S11.7CI0. 3) enabled by a silver sulfide elemental —-C composite anode with no excess Li
that supposedly can prevent Li dendrite formation and therefore lead to genuinely long electrochemical
recyclability (Lee etal., 2020) . However, it would still suffer from the same component (Li & Co) availability
limitations of its extant cousins along with the fact that silver is an even more “precious” metal .
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7100 GW of solar panels! Not surprising to me anyway, that paper’s authors*®® “forgot” to point
out the possibility of a nuclear alternative to their paper’s scenario (Sovacool 2020).

Real-world windmills have year-round capacity factors similar to that assumed/calculated above
for solar panels meaning that if they were to be used instead, a similar amount of energy storage
capacity or other clean backup power would be necessary.

Natural gas — the primary enabler of today’s heavily subsidized unreliable wind and solar power
“capacity” growth— will probably be prohibitively expensive by 2100AD because all of the
world’s “cheap” natural gas will have already been discovered, fracked, and either leaked, flared
off, or constructively consumed. Leaving it in the ground along with most of the world’s
remaining coal and oil would be an excellent idea because burning them would otherwise add to
the already excessive amounts of anthropogenic greenhouse gases (GHGS) responsible for
climate change — coal as CO, and methane both as-is'® and after it’s been oxidized to COx.

The above-derived numbers are optimistic because Africa is a better site for today’s most
popular renewable energy sources than is most of the already-developed world. For example, by
2014 European Union countries had invested approximately €1.1 trillion (about $1.4 trillion) in
large scale renewable energy installations — mostly wind turbines and solar panels. That money
built a nominal nameplate electrical generating capacity of about 216 Gigawatts, nominally
~22% of total current European energy demand (~1000 Gigawatts). Data supplied by Europe’s
Renewables Industry indicate that its total output throughout 2014 averaged 38 Gigawatts
(~3.8% of Europe’s current electricity demand) for a combined mean capacity factor of ~18%.
When adjusted for that factor, the capital cost of Europe’s wind/solar energy installations was
€29 billion/GW, - about 30 times that of its conventional gas-fired electricity generation
facilities and 3 to 10 times greater than GEN 11l nuclear power plants.

185 Dr. Sovacool is another western world energy “expert” that seems to be against doing anything practical. The
university he works for (University of Sussex) was recently forced to retract a press release it had published about a
blatantly antinuclear paper that he’d published in the journal Climate Policy when its readers pointed out many
errors. Original https://futurism.com/scientists-nuclear-energy-waste-time Retraction :
https://retractionwatch.com/2016/11/28/authors-retract-paper-linking-nuclearpower- slow-action-climate-change/

186 While carbon dioxide is typically painted as the bad boy of greenhouse gases, pound per pound, methane is
initially ~400 times worse and several percent of that now being fracked leaks directly into the atmosphere
(Alvarez 2012). Any gaseous substance’s mass-wise Global Warming Potential (GWP) relative to CO2 depends on
the timespan over which that potential is calculated. A short half-life gas which is quickly removed from the
atmosphere may initially have a large effect, but over longer time periods, become less important. Thus methane’s
mole wise GWP over 100 years is about 28 but ~84 over the first 20 years (see APPENDIX XXI). Agriculture’s
current contribution to anthropogenic GHG emissions (~9%) is primarily due to methane (cow burps, rice fields,
etc.) and nitrous oxide due to over fertilization, not the CO2 emitted by its machineries’ engines.
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Since the output of most of today’s renewable energy plants depends upon the season, local
weather conditions, how much dirt they’ve accumulated, and the time of day, their contribution
to the grid is erratic, intermittent, and non-dispatchable. This means that they often can’t
contribute to supply when it’s needed, thereby rendering them worse than useless (both ugly &
covering land that could be used for something more constructive) much of the time. On the
other hand, rules mandating use/priority of their “renewable” power cause major grid
disruptions when their output suddenly rises because the distribution system’s dispatchable
thermal (fossil fuel and nuclear) “backup” power plants must be cut back to a zero-efficiency
idling” state so that more politically correct source(s) can satisfy demand. Consequently,
according to US EIA, despite their virtually zero fuel costs, renewable energy installations often
cost up to 1.5 — 2.5 times as much to operate and maintain as do conventional gas fired power
plants.

The following paragraph is excerpted from philosophy professor Don Howard’s brilliantly
written essay, “The Moral Imperative of Green Nuclear Energy Production.” (Howard 2019)

“Critics of nuclear power have raised a number of ethical objections to
nuclear power. But before we review them, let us recall that the decision to
be made is not about nuclear power alone. Instead, the decision is a
comparative one. The ethical issues concern a program of rapidly expanding
nuclear power in comparison with other courses of action of which there are
really only two:

(1) Do nothing, which dooms the planet.

(2) Continue on the path called for in the Paris Agreement by expanding
renewables as rapidly as possible, reducing energy consumption, and
developing new approaches to co, capture and sequestration, all the while
hoping for some miraculous technological breakthrough. This approach will
mitigate the impacts of climate change but will still leave our children and
grandchildren with a planet dramatically different from the world we know, a
planet far less hospitable, where those who survive will lead seriously
diminished lives.

There are no other alternatives. ”

The leaders of several of the western world’s countries consider their bailiwicks to be businesses
which attitude serves the interests of their businessmen-producers rather than the citizen-
consumers that they were elected to represent. Businesses are command economies which is the
reason that their managers generally do not make good politicians. Populations and the nation
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states created to represent their common interests are voluntary collaborations, not businesses.
Today’s “climate crisis” provides a pretext for the creation of an overly bureaucratic command
economy that’s as apt to fail to address problems as did the USSR three decades ago and the
USA during its seemingly interminable COVID-19 crisis®®’,

Unfortunately, via persistent lobbying & generous political contributions, well-heeled
(influential) producers pick society’s decision & law makers to the general detriment of everyone
else. If those politicians don’t pay attention to doing things correctly their nations will become
economically uncompetitive and like most of the past’s other such economies (e.g., North Korea,
and the Soviet Union) eventually become both poor and “dirty” %8(Ridley 2020).

Chapter 4. A sustainable nuclear renaissance’s
other “Killer apps”

An appropriately scaled (big enough) sustainable nuclear renaissance would enable us to do
several good things that wouldn’t be possible otherwise including....

4.1 Atmospheric carbon sequestration

Let’s begin this section with the ball-park calculation that convinced me of the “special”
nature of fossil fuel-generated atmospheric CO>

During the past few years, mankind has been dumping about 37 billion tonnes of CO> into the
atmosphere annually which has raised its concentration therein about 2.4 ppm per year (ppm =
part per million by volume/molecule count). If we/l assume that the fuel burned to produce it is
about halfway between coal and methane chemistry-wise, it’d have a composition of (CH2)» and

157 see The CDC’s failed race against covid-19: A threat underestimated
and a test overcomplicated - The Washington Post

168 China has had a mixed, not command, economy since circa 1980 featuring both socialistic and capitalistic
elements. Consequently, it’s much “easier” to do something new that’s in that country’s long term best interests but
inconsistent with an already established industry’s business model.
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Representative Forcing Climate policy CO, Projected global average

Concentration compared to associated with Equivalent temperature increase
Pathway (RCP) 1750 (Wm?) scenario (ppm) from 1986-2005 (°C)
26 2.6 Mitigation 475 1.0
4.5 4.5 Stabilization 630 1.8
6.0 6.0 Stabilization 800 2.2
85 8.5 None 1313 3.7

Figure 35 IPCC modeling conclusions

a heat of combustion of about 44 kJ/gram. Since burning one gram mole of CH, (MW
(molecular weight =12+2*1) makes one gram mole of CO, (MWt = 44), 37 billion tonnes of
CO2-type GHG would have required 14/44*37 B tonnes of such fuel which when burned would
have generated 14/44*37E9*1E+3 *44,000=5.18E+20 J worth of useful-to-humanity heat per
year.

Error! Reference source not found. is an EXCEL plot of the Error! Reference source not
found.“change forcing factors” values vs its atmospheric CO2 concentrations fitted with a 2"
order polynomial trendline (the figure’s equation).

The forcing factors predicted for 400 and 402.4 ppm (currently one year’s concentration
difference) work out to 1.6059 and 1.6385 watts/m? respectively. If we multiply the difference
between them by the Earth’s surface area (5.1E+14 m?) and the number of seconds in one year
(3.15E+7), we come up with an annual atmospheric heating effect of 5.24E+20 Joules.

W/m2 (y axis) vs ppm CO2
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Figure 36 Plot of IPCC's conclusions
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A comparison of that number with that fuels’ combustion energy indicates that fuel burning’s
“bad” global-warming effects surpass its “good” effects (the reason that we burned it in the first
place) within about one year. What’s worse is that on the average, that same CO2 will hang
around in the atmosphere for at least 50 additional years and thereby continue to warm the globe
long after producing it has done us any good

The energy generated building/ using nuclear power plants releases considerably less GHG/J —
than that generated by building enough wind turbines or solar panels (Figure 37) to generate the
same amount of useful energy. The future’s more compact & efficient reactors would generate
even less.
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Figure 37 Greenhouse gas emissions of various energy sources (a more up to date but too

“fuzzy” to reproduce figure along with its literature citations may be seen on p. 35 of
https://www-pub.iaea.org/MTCD/Publications/PDF/CCNAP-2018_web.pdf)

Modern civilization’s speediest large-scale reduction in anthropogenic greenhouse gas pollution
occurred in France during the 1970s and ‘80s when the OPEC oil crisis convinced its decision
makers to switch from fossil fuels to nuclear fission for producing electricity. That decision
lowered France’s GHG emissions ~2 percent per year and has kept them much lower than
Germany’s ever since despite the latter’s heroic-scale Energiewende boondoggle (see Figure 38
- APPENDIX XXII1 describes more of what happened).
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How dirty was French and German electricity production in 2018?
A Comparison of Hourly Specific Carbon Intensity e
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Figure 38 Relative ""cleanliness™ of French and German electricity

Nuclear power’s GHG emissions are due to the fossil fuels consumed to first build and then
“feed” its reactors in the way that it’s done today.

According to James Hansen et al, (Hansen 2013) the task facing the entire world today is more
difficult because “emissions reduction of 6%/year plus 100 GtC storage in the biosphere and
soils are needed to get co2 back to 350 ppm, the approximate requirement for restoring the
planet’s energy balance and stabilizing climate this
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Lifecycle CO, & CH, Emissions
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Courtesy Burton Richter -- Comparison of Life Cycle Emissions in Metric Tonnes of COe per
GW-hour for various modes of Electricity Production; P.J. Meier, Life-Cycle Assessment of
electricity Generation Systems with Applications for Climate Change Policy Analysis,

Figure 39 Energy source lifecycle GHG emissions including ""back up™ & leakage (natural
gas) effects

century”. His colleague & coauthor, Jeffrey Sachs, director of the Earth Institute at Columbia
University says that, "On a global scale, it's hard to see how we could conceivably accomplish
this without nuclear”.

We’ve known for almost two centuries now that the ultimate sink for the atmosphere’s carbon
dioxide is basaltic crustal rock which when exposed to the atmosphere’s oxygen, carbon dioxide,
and moisture, eventually weathers to form the oxides, clays, feldspathoids, and carbonate
minerals comprising much of the inorganic matter in the Earth’s soils (Ebelman 1845). Those
soils currently contain over three times as much carbon as does its atmosphere (Kramer 2017),
yet their potential for deliberate atmospheric carbon-dioxide reduction (CDR) and thereby
mitigating global warming, although much studied (e.g., Hartmann et al 2013) , is not yet being
significantly exercised (Beerling 2018). When completely weathered by the mechanisms
collectively responsible for it in soils, each gram of my example’s basis basalt (10.06 wt% CaO
and 7.65 wt% MgO) would release 7.35 milliequivalents
[0.1006*2/(40+16)+0.0765*2/(24.32+16)] worth of base. If we assume that that base converts
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acidic soil-gas CO, which would otherwise transpire (to the atmosphere®®) to bicarbonate anions
(Hartmann 2013), the application/weathering of 8.95 t/ha of such basalt over 9.71E+7 ha of
African farmland would remove/sequester 0.076 Pg (76 million tonnes) of carbon. That sounds
like a lot of “sequestration” but represents only ~ 0.009% of the atmosphere’s co2 (~ 3300 Gt
co2).

Two more reports generated by the Leverhulme Institute’s study of the effects of soil amendment
with crushed basalt have just been published.

Here’s the Abstract (open access) of the one describing experimental results (Kelland et al 2020).

“Here we report that amending a UK clay-loam agricultural soil with a high loading (10 kg/m?
) of relatively coarse-grained crushed basalt significantly increased the yield (21 £ 9.4%, SE) of
the important C4 cereal Sorghum bicolor under controlled environmental conditions, without
accumulation of potentially toxic trace elements in the seeds. Yield increases resulted from the
basalt treatment after 120 days without P- and K-fertilizer addition. Shoot silicon concentrations
also increased significantly (26 + 5.4%, SE), with potential benefits for crop resistance to biotic
and abiotic stress. Elemental budgets indicate substantial release of base cations important for
inorganic carbon removal and their accumulation mainly in the soil exchangeable pools.
Geochemical reactive transport modelling, constrained by elemental budgets, indicated co2
sequestration rates of 2-4 t COz /ha, 1-5 years after a single application of basaltic rock dust,
including via newly formed soil carbonate minerals whose long-term fate requires assessment
through field trials. This represents an approximately fourfold increase in carbon capture
compared to control plant-soil systems without basalt. Our results build support for ERW
deployment as a CDR technique compatible with spreading basalt powder on acidic loamy soils
common across millions of hectares of western European and North American agriculture.

The second paper (Beerling et al 2020) is another modeling exercise having to do with predicting
potential global GHG sequestration rates (0.5 to 2 gigatonnes of carbon dioxide (CO2) per year)
based upon what’s already been discovered about enhanced rock weathering.

It’s difficult for an old technical nerd like me to come up with quantitative conclusions from
reports written the way that these are: i.e., with times of “1-5 years”, “coarse”- not defined -
sample powder sizes, and “potentials” rather than definite values based upon measurements of

189 This phenomenon is called “respiration”. It does not necessarily represent a net transfer of carbon from soils to
the atmosphere because, at equilibrium, it is offset by vegetative carbon inputs. It currently releases about eight
times as much COz to the atmosphere as does mankind’s fuel burning (Carey 2016). However, that cycle is currently
not at equilibrium and is soon apt to be less so due to additional “land use changes” combined with the effects of
global warming, especially within the Arctic, Central Africa, and the Amazon. Consequently, many climate
scientists believe that a catastrophic “tipping point” is imminent.
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before /after runoff-water bicarbonate amounts, carbonate mineral formation, and/or soil organic
carbon (SOC) increases.

However, both are consistent with my contention that basaltic rock dust soil amendment
represents a promising and the most “natural” way of addressing several of the problems
discussed in this book.

If atmospheric carbon sequestration is to become one of future mankind’s primary goals, another
170 and peanut
hulls/stems (their leaves would probably end up on the ground) to “biochar”. Assuming that

way to go about it would be to collect/convert my African example’s corn stover

scenario’s crops, this translates to converting about ~11.6 tonnes of biomass to ~3.1 tonnes of
biochar and 5 tonnes of bio-oil per ha (Extension 2002 and Fortress 2011). Because biochar is
~70% elemental carbon, burying it would simultaneously increase Africa’s soil’s organic carbon
(SOC) and sequester atmospheric carbon at the rate of ~0.25 Pg (250 million tonnes) per year.
Another reason for “biocharing” some®’* of its agricultural residues would be that it should
simultaneously produce more than enough carbon-neutral “oil” to fuel its farm machinery and
thereby become a profitable sideline for their owners. Figures in recent reports having to do with
Midwest USA farm fuel costs suggest that current conventional high-input corn farming requires
about 35 US gallons of diesel fuel/ha/a (Agecon 2015, Gelfand et al 2010)*"2. Five tonnes of bio-
oil purportedly have the energy content of ~37% that much No. 2 diesel oil (i.e., 2176 liters, 575

170 Stover is above-ground, neither grain-nor-root, crop matter - on a dry basis there is generally about as much
stover as grain and approximately 80% of it can be readily collected.

"1 Efforts have been under way to discover more efficient ways of converting structural plant material (mostly
cellulose) to motor fuels (primarily ethanol) for several decades. It still is not commercially viable but that could
possibly change. One of the impending threats to agricultural sustainability is that if the conversion of plant
structural material (cellulose and lignins, not grain) to ethanol does become commercially viable, farmers will be
tempted to convert crop residues to an energy resource, thus depriving their soils of necessary organic inputs. For
example, extensive studies have shown that most of the above-ground corn residue (2-5 tons/acre) should be
returned to the soil to maintain its quality. Consequently, we must be cautious when considering quantitative
removal of crop residues as a routine practice. As the legendary soil scientist Hans Jenny put it, “I am arguing
against indiscriminate conversion of biomass and organic wastes to fuels. The humus capital, which is substantial,
deserves being maintained because good soils are a national asset” (Jenny 1980).

172 Gelfand et al compared four grain and one forage systems: corn - soybean - wheat rotations managed with (1)
conventional tillage, (2) no till, (3) low chemical input, and (4) biologically based (organic) practices, and (5)
continuous alfalfa under two scenarios: all harvestable biomass used for food versus all harvestable biomass used for
biofuel production. Among the annual grain crops, average energy costs of farming for the different systems ranged
from 4.8 GJ ha—1 y—1 for the organic system to 7.1 GJ ha—1 y—1 for the conventional; the no-till system was also
low at 4.9 GJ ha—1 y—1 and the low-chemical input system intermediate (5.2 GJ ha—1 y—1). Overall energy
efficiencies ranged from output:input ratios of 10 to 16 for conventional and no-till food production and from 7 to 11
for conventional and no-till fuel production, respectively. Alfalfa for fuel production had an efficiency like that of
no-till grain production for fuel.
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US gallons, or 82 GJ’s worth) and research suggests that should be possible to convert it to a
diesel-type engine fuel (Cataluna 2013). Consequently, in principle anyway, such farms would
generate about fourteen times as much motor fuel as they consume.

If everyone in the world circa 2100AD —not just its Africans - were to char their stover and
fertilize fields with Snake River Plain basalt at the rate assumed above, it would collectively
sequester ~3 Gt co2 per year. However, since the atmosphere already contains about 500 Gt of
excess coz [(~412 ppm-350 ppm)/412 ppm*3300 Gt = 496] and will surely become further
polluted before we’ve kicked our addiction to fossil fuels, it would probably take over two
centuries for the future’s farmers alone to reduce it back to a “safe” (350 ppm) level via only
those means.

Universal adoption of the sustainable “regenerative organic agriculture” principles
developed/tested by the Rodale Institute (https://rodaleinstitute.org/wp-content/uploads/fst-30-
year-report.pdf fst-30-year-report.pdf (rodaleinstitute.org) and redemonstrated for another two
decades by lowa State University researchers ( https://www.cals.iastate.edu/inrc/marsden-long-
term-rotation-study Marsden Long-Term Rotation Study | lowa Nutrient Research Center
(iastate.edu) ) represents a practical way to re-sequester the atmosphere’s excess carbon, i.e.,
the roughly 70 parts per million by volume (ppmv) of coz it currently contains above a “safe”
350 ppmv level. The Rodale institute’s primary goal is to restore the Earth’s soil’s biota -
insects, worms, microorganisms, fungi, etc., and its soil organic carbon (SOC -aka “humus)
back up to the “healthier” levels they were before we humans invented agriculture. Its principles
include minimal tillage, rotation through a wider range of product crops (not just the US corn
belt’s habitual corn & soybean rotation) and planting a variety of cover crops all of which are
“crimped” (killed & flattened) prior to product/cash crop planting & then left in place, not
removed, while the latter is grown and harvested .

It is not just conventional “no till” farming. The crimped cover crop (often a mix of plants)
initially serves as mulch thereby suppressing weed growth. When worms and bugs subsequently
incorporate it into the soil, it then provides a natural fertilizer (esp. nitrogen), feeds beneficial
soil organisms, improves water retention, and eventually restores SOC to natural levels.
Rotation through a wider range of “product” crops discourages the establishment of crop-specific
pests and root/foliar diseases.

For instance, experts tell us that the amount of SOC currently “sequestered” within the
uppermost 0.3 meter of the world’s soils is about 670 billion tonnes (Lal 2018). . If we assume
that it is within a one-foot deep (~30 cm) layer of soil possessing a bulk density of 1.3 g/cc
covering one half of the Earth’s land surface (1.56E+14m?), its concentration therein works out
to be about 2.2 wt%. The amount of excess atmospheric carbon is currently about 122 billion
tonnes. A comparison of those numbers suggests that all we would have to do to “fix” the
atmosphere would be to adopt farming practices that increase that soil’s SOC concentration
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back up to 2.6 wt%. That certainly should be possible for the future’s more technologically
advanced, better organized, better led, and hopefully more sapient, hominids to accomplish.

A recent study concluded that the rate at which the adoption of regenerative agricultural
practices increases SOC is about 55 tC/km?/year (Franzleubbers 2010). Scaling that up to the
entire world’s ~16 million km? of cropland, translates to sequestering 3.2 billion tonnes of
atmospheric CO2 per year.

Other reasons for doing this include at least equivalent crop yields, virtual elimination of both
wind & water driven soil erosion, and significantly lower herbicide, nitrogenous fertilizer, and
irrigation water requirements.

Unlike most of his fellow atmospheric experts, ex US Vice President Gore compensates for the
greenhouse gases emitted by his jet-setting around the world to attend environmental conferences
by practicing regenerative organic farming on his own family’s farm.

Other reasons for adopting the Rodale Institute’s approach to “organic” farming include at least
equivalent crop yields, virtual elimination of both wind & water driven soil erosion, and
significantly lower herbicide, nitrogenous fertilizer, and irrigation water requirements.

Another reason for adopting them is that doing so would address the root causes of the ongoing
mass extinctions of the insects serving as the food of much of the Earth’s other wildlife
(especially its birds and fish - see Sanchez-Bayo 2019). In order of importance those causes
are...

o habitat loss and conversion to intensive agriculture and urbanization
e pollution, mainly that by synthetic pesticides and fertilizers

e Diological factors, including pathogens and introduced species

e climate change.

The last factor is particularly important in tropical regions, but also affects a minority of species
in colder climes and mountainous regions of temperate zones.

Of course, since the potassium, phosphorous, and trace minerals in such soils would eventually
become depleted, it would still be necessary to replace them with some combination of recycled
“night soils” (manures -the best way ), artificial fertilizers, and/or powdered rocks.

4.2 Oceanic acidification mitigation

A “nuclear clean new deal” could address another environmental consequence of fossil fuel
burning.

The Earth’s oceans contain 50 times as much carbon as the atmosphere and act as a biotic and
abiotic thermostat, absorbing and releasing CO, and heat. They have also become an especially
tragic “commons” with respect to the effects of the excessive atmospheric CO- causing global
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warming-driven oxygen loss and acidification (Orr 2005) - see APPENDIX XX. Acidification is
currently killing a host of pelagic creatures with aragonite (calcium carbonate) skeletons/shells
which are dependent upon oceanic chemistry (pH and temperature) remaining as it was while
they were evolving. Such calcifying creatures constitute the Earth’s dominant natural CO>
sequestration mechanism, converting ~1 billion tons of CO- each year to oceanic sediments®’
and limestone (coral reefs). Land plants and soils currently don’t accomplish that much
sequestration because soils aren’t being fertilized with powdered basalt and today’s
industrialized farming usually depletes SOC. Today, in many regions (e.g., China) soil
microorganisms are still adding via respiration net GHG to the atmosphere via metabolism of the
organic carbon within the small amounts of crop residues left on its croplands. Our civilization’s
conversion of the Earth’s fossilized carbon to atmospheric coz is driving oceanic extinctions apt
to eventually eliminate a host of animal species ranging from coccoliths to whales, and thusly
about 15% of human food protein.

A relatively inexpensive way to address those effects would be to implement the suggestion
proffered by Professor Schuiling and his colleagues (Schuiling & Krijgsman, 2006); i.e., crush
basalt, or maybe even better, dunite (it’s more basic'’*), into coarse, sand-like, particles and
scatter them along the oceans’ coast lines and shallow reefs. When so situated, the particle
grinding driven by natural wave action would greatly accelerate their weathering and thereby
quickly relieve over-acidification while simultaneously rendering that water a better sink for
atmospheric CO2.

Another and probably more effective driver for implementing Dr. Schuiling et al’s proposal is
that a global sand shortage has come to be because we humans make brick and concrete out of it
—especially in and around Southeast Asia’s burgeoning metropolises. Consequently, vast
amounts of sand is being “stolen” from beaches and river banks at the same time that rising sea
levels and climate change induced river flooding are threatening more homes and businesses in
the denuded areas. That’s apt to render artificial basalt/dunite sand valuable enough to tempt
entrepreneurs to sell megatonnes of it whenever the power required to mine/grind/distribute it
becomes cheap enough.

173 About 80% of the geosphere’s carbon is limestone and its derivatives formed from the calcium carbonate
comprising the shells of deceased marine organisms. The remaining 20% is stored as still-organic
kerogens/peat/oil/gas etc., formed via sedimentation and subsequent burial of terrestrial organisms under elevated
heat and pressure (Berner 1999).

174 Dunite is an ultramafic (very basic) plutonic rock with a chemical composition (majors only) falling somewnhere
between pure forsterite (Mg2SiO.) and pure fayalite (Fe2SiO4). High magnesium dunite is ~four times more basic
than a typical flood basalt making it a better CO, absorber but poorer fertilizer.
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Saving especially valuable waterfront-situated homes, businesses, resorts, & hotels is apt to be at
least as strong a motivator to important people as is rendering everyone equally energy “rich”,
agriculture sustainable, and/or protecting a commons (the Earth’s oceans and remaining
wildlands).

Other ways that this book’s proposals would mitigate the Earth’s excessive atmospheric CO>
issues include the cement/concrete-related suggestions discussed in section 3.3.

4.3 Nuclear powered transportation

4.3.1 Requirements

“The automobile is especially addictive...it is a suit of armor with 200 horses inside, big enough
to make love in. It is not surprising that it is popular. It turns its driver into a knight with the
mobility of an aristocrat and, perhaps, some of his other vices. The pedestrians and people that
use public transportation are by comparison, peasants looking up with almost inevitable envy at
the knights riding by in their mechanical steeds. Once having tasted the delights of a society in
which almost anyone can (pretend to) be a knight, it is hard to go back to being a peasant. ”
Kenneth Boulding

Petroleum currently provides the largest share - about 40% - of the world’s total primary energy.
According to the US DOT, in 2020 almost all of the USA’s ~276 million registered million
motor vehicles were fueled with petroleum, Transportation is the single-largest contributor to
greenhouse gas emissions in the United States and accounts for about a fourth of global
emissions. Many of the good things that citizens of today's richer countries have come to take for
granted depend upon a world-wide transportation system that will inevitably suffer price shocks
and shortages when petroleum finally does peak out and then decline.

Under current (2021) policies, the United States and the rest of the world won’t meet global
emissions reduction targets that scientists say are necessary to curb the worst effects of climate
change.

Changes in its price and availability will have tremendous impact because today’s alternatives
don’t contribute much to the transportation sector. Petroleum production will inevitably decline
due to the real-world laws underlying almost everything else that we need/use that isn’t
renewable. It is often claimed that Hubbert’s “peak o0il”” concept — the fact that oil production via
any means from any/all sources will reach a maximum level then decline, — is only about
geology. Instead, it is a consequence of geology, reservoir physics, economics, government
policies and politics. Their intrinsic limitations will eventually affect all human activities because
neither economic incentives nor political will can overcome them.

Several natural depletion mechanisms affect petroleum production. Depletion-driven decline
occurs during the primary recovery phase when decreasing reservoir pressure leads to reduced
flow rates. This phenomenon is especially prevalent in fracked-type oil and gas wells. The
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secondary recovery phase involves water injection to maintain pressure but increasingly more
water and less oil is recovered over time. Additional invested capital and technologies, e.g., CO>
injection, can enhance oil recovery in a tertiary recovery phase but it comes at a still higher cost.
It’s like squeezing water out of a soaked sponge — easy to begin with but increasing effort is
thereafter required for diminishing returns. Eventually, squeezing a sponge or oil basin harder
isn’t worth the cost/effort and will inevitably cease.

Another natural analogy would be the relationship of predator to prey populations: “easy” oil
leads to increasing profits and therefore further investment in extraction capacity (lots of mice
means that more Kittens survive). The easiest (typically the largest) resource reservoirs are
inexorably depleted — slowly with “conventional” oil wells, quickly with fracked ones.
Extraction costs in terms of both energy and monetary inputs rise as production moves to lower
quality deposits. Eventually, investments can’t keep pace with rising costs, declining production
from mature fields cannot be overcome and total production begins to fall. Additionally,
regardless of capital availability or increasingly high prices, at some point, an oil well can no
longer deliver net energy (most of the cats along with their kittens starve). In 1982, U.S.
petroleum geologist M. King Hubbert said: “There is a different and more fundamental cost
independent of the monetary price: if oil is used as a source of energy, when the energy cost of
recovering it exceeds its energy content, production will cease no matter what the monetary
price may be.” Many of that industry’s movers and shakers still can’t bring themselves to
believe that there ever will be a genuine shortage of what they’re currently selling.

Here’s another memorable Boulding quote (I would have preceded “mad” with  a politician®).

“Anyone who believes in indefinite growth in anything physical, on a physically finite planet, is
either mad or an economist.”

Kenneth Boulding

LLNL’s 2021 energy flowchart (Figure 40) indicates that the amount of fossil fuel consumed by
the USA’s non-nuclear thermal power plants (22.45 quads worth [9.54+12.7+0.21]), is about
85% of that consumed by its transportation system ~100% of which is petroleum-based. The
efficiency with which its electrical power plants convert their fuels” heat energy to electricity is
about 40% while its transportation system is only about 21% [5.91/28.10] efficient.

Consequently, ignoring other losses, replacing the USA’s fossil fuel powered transportation
system with one powered with electricity generated by 40% efficient thermal-to-electric nuclear
power plants would require 7.76 [5.91*21/40/0.4] quads worth of heat. That’s almost exactly that
currently generated by its ~100 civilian LWR fleet (8.42 heat-type quads). At 3.2E-11 J/fission,
doing this would require the fissioning of 96 tonnes of uranium per annum (a 5.5 ft./side
metallic uranium cube ) which reaction would generate ~96 tonnes of fission product radwaste.
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Figure 40 LLNL’s 2021 US energy Sanky diagram

4.3.2 Direct electrical transportation

Electricity represents an almost ideal future transport “fuel” (Gilbert and Perl 2010) —
lightweight electrified vehicles for local passenger and freight moving and high-speed trains for
almost everything else!”®. Unlike other alternative transport energy scenarios, only electric
mobility can move people and goods using any combination of raw energy sources —
hydroelectric, wind turbines, and photovoltaic panels or gas turbines powered with coal, natural
gas, oil, wood waste, switchgrass, solar energy, bio-oil or, preferably, nuclear fission. Energy-
wise, most of the large vehicles should be grid-connected (GCVs) meaning that their electricity
is generated remotely and delivered directly by wire or rail to its motor(s). GCVs currently do
most of the world’s electrified people/freight moving. Electric streetcars and trains were
operating in many cities by the end of the nineteenth century and ~150 cities around the world
already have or are developing electric heavy-rail (e.g., metro and commuter rail) systems
running at either the surface, elevated, or underground. Some 550 cities in Europe and Asia have

175 see APPENDIX XIX
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streetcar and/or light-rail systems and about 350 have trolley buses. Electrification of intercity
railroads began early in the twentieth century, though mostly occurred after 1950. Most rail
routes in Japan and Europe are now electrified. Russia has the most extensive system;
approximately half of its 85,000-kilometer total, including the whole of the 9,258-kilometer
Trans-Siberian Railway is electrified. China’s rail system is being rapidly electrified and now
boasts the world’s second-most extensively electrified transport system: 49 lines totaling about
24,000 kilometers. In these countries and elsewhere, those are mostly main routes and thus carry
a disproportionately large share of their county’s passengers and freight. The revolution caused
by introducing high-speed electrified passenger rail has transformed the way that people move
between major cities in China, Japan, and Western Europe. Their primary advantage relative to
privately owned/driven battery-electric vehicles (BEVS) is lower cost and greater efficiency.

APPENDIX XXX goes through several scenarios having to do with reliably powering Texas’s
~30 million people based upon that region’s (ERCOT’s) wind and solar power potential (Texas
has ~zero hydropower potential). Because any scenario invoking lots of today’s renewables also
requires lots of “backup” (e.g., fossil fuel fired power plants and/or some sort of huge energy
storage system), many of its examples assume millions of imaginary “smart” Grid Integrated
Vehicles (GIVs) that could reversibly discharge back to the grid and thereby affect “cheap”
storage capacity.

Other types of GCVs have been and continue to be used for moving goods. These vehicles
include diesel trucks with trolley assist such as those employed at the Quebec Cartier iron ore
mine from 1970 until it was worked out in 1977. Those trucks were hybrid vehicles with electric
motors powered from overhead wires that provided additional traction when heavy loads were
being carried up steep slopes. A diesel generator provided their electricity. The result was an 87
percent decrease in total diesel fuel consumption and 23 percent higher productivity.

Several direct comparisons of raw/primary energy consumption by GCVs with similarly capable
vehicles with diesel-engines confirmed that GCV vehicular energy use is invariably lower. For
example, in 2008 San Francisco electric trolleybuses used an average of 0.72 megajoule of
energy per passenger-kilometer; in contrast, the average for diesel buses in thatcity was 2.67
megajoules per passenger-kilometer.

If the electricity powering trolleybuses were to be produced by a diesel generator operating at 35
percent efficiency, with 10 percent distribution loss, the buses would still use less overall energy
than conventional direct diesel-powered buses. When electricity is produced renewably (e.g., via
this thought experiment’s sustainable nuclear fuel cycle) the only thing that would count is such
vehicles’ energy demand.

The big problem with today’s BEV’s is that a long-range vehicle must cart around a huge, heavy,
expensive, battery which takes up lots of space and increases energy consumption. For example,
an 85 kWh, “TESLA 3” car battery weighs 478 kg, currently costs about $12,000 and stores as

196



much primary energy as does about 2 gallons of diesel fuel. AGCVs would either need no
batteries at all or only relatively small/cheap ones for limited “off-wire” travel'’®. A GCV is
subject only to energy distribution losses in moving electricity from its source to the motor. For a
BEV, losses incurred during the charging and discharging of its battery would likely be several
times that distribution loss"’.

3.3.3.3 Privately owned automobiles (POVs)

Nevertheless, as the Boulding quotation heading up this section suggests, there definitely would
be a huge demand for small lightweight POVs suitable for commuting, grocery shopping, joy
riding, etc.

Figure 41 The USA's people moving costs” - puts the energy costs of first-world people-moving
into proper prospective. To me the surprising thing is that its public transportation systems (esp.
buses the way that we apparently use them) are often less fuel efficient than automobiles. The
keys to increasing automobile efficiency is regenerative braking'’®, not buying oversized gas
guzzlers, & becoming willing to wait until your wife also wants to go to town so that you don't
have to drive there separately. A little car with 3 (not 1.6) people in it would be more energy
efficient than commuter rail as well as much more flexible because it could go almost anywhere,
not to just a few widely scattered stations. There's no good reason for us Americans to be driving
around, usually alone, in ~3500 Ib. cars or ~5500 Ib. pickup trucks unless we weigh over 1000
Ib. ourselves.

The Energy Intensity of Different Forms of Travel
Vehicle Type Load Factor Energy Use Energy Intensity

(persons/vehicle) (Btu/vehicle mile) (Bru/passenger
mile)

Cars 1.6 4,702 3,034

176 Another reason for “small” | teht trucks , e , ese , 3345 number of big (e.g.,
75 kWh) BEV batteries that CO | iemand response) 1.4 20,047 14,106

Bus—Transit 2.1 36,760 4,025

Airline 113.2 263,971 2,332

17 Another scheme being band | batteries. Its much-
hyped advantage would be alm | 2s, supercapacitors
feature higher peak currents, lo - o P - o non-corrosive
electrolyte, and low material to : ' mportant in most
contexts, much higher energy densities (kWh/kg) and lower purchase cost. After several decades of development, a
“big” (166 Farad, 54 V) state of the art supercapacitor costs ~$1500 (https://www.tecategroup.com). Its
specifications translate to 0.067 kWhr’s worth of energy storage (E=0.5*F*V?) — enough to move one of Mr.
Musk’s TESLA cars about 1100 feet (not miles) down the road if it’s already up to cruising speed - not nearly as far
otherwise .

Rail-Intercity (Amtrak) 20.5 30,972 1,187

Rail-Transit 258 20,022 776

178 Regenerative braking recharges a hybrid’s drive battery which is what makes them much more efficient than a
conventional car during stop and go type-urban driving.
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Figure 41 The USA's people moving costs

A 1000 Ib car could carry around two normal-sized people plus enough groceries to feed them
for a week. The problem is that few people here in the USA would buy one. The best little
reasonably-popular car I've seen here in the USA was Chevrolet’s Japanese-built (Suzuki), GEO
Metro hatchback. It got ~60 mpg on the highway, weighed about 1700#, & could carry four
people & enough groceries to feed them for a month.

They were popular for a while but when gas got "cheap" again after 2008-2009’s “Great
Recession”, its survivors'’® quickly switched back up to even bigger (1.5 to 2 tonne)
“crossovers” instead.

We ourselves are the "enemy", not the cars we’ve bought. It’s just another unfortunate
manifestation of our all-too-human nature.

Anyway, to generate a comparison between todays and the future’s POVs, let’s translate some of
the numbers in a recent analysis (Romare and Dahll6f 2017) of lithium-ion battery-powered
automobiles to figures facilitating comparisons of BEVs and ICE powered transportation.

According to them, the energy required to make these batteries ranges from 350 to 650 MJ/kw.
That's equivalent to from 7.6 to 14.1 kg or from 23 to 43 gallons of 46 MJ/kg, 0.8 SpG
petroleum/gasoline.

If we then assume that Mr. Musk's 75 kWh BEV batteries last for 500,000 miles (ha, ha), we can
equate each kWh's worth of its battery to 6667 [SE+5/75] miles worth of transport.

Assuming that an ICE-powered car driving that far would average 30 mpg, that lifetime (6667
miles/kWh) corresponds to ~222 gal gas/oil

179 Hundreds of thousands of the USA’s erstwhile middle class lost their homes, retirement savings, and
jobs/incomes that never came back because its businessmen and politicians embraced different paradigms. That’s
what’s caused much of today’s political unrest and given rise to the nomadic, gypsy-like, lifestyle documented in
Jessica’s Bruder’s, best-selling book & movie, “Nomadland: Surviving America in the Twenty-First Century”.
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So, assuming free electricity, in principle we'd be over five times better-off with the BEV (222
/43=5.16) in terms of both energy use & CO emissions.

On the other hand, if the energy charging a BEV’s batteries comes from a coal-powered grid
with an overall coal energy to battery energy charge efficiency of 30%, the BEV’s energy/CO>
advantage relative to the ICE is no longer overwhelming (222/43/0.3) = 1.55).

Another way to address range anxieties would be to equip streets, highways, and parking lots
with inductive charging pads that could charge smaller/cheaper/lighter short-trip-capable BEV
batteries “on the fly”. That technology, developed by a former NASA engineer at Pennsylvania-
based Momentum Dynamics, would solve the biggest disconnect in EVs: How to bring
convenient charging to the urban masses—including apartment dwellers and drivers of taxis,
buses, and delivery trucks—without littering the landscape with bulky, unsightly chargers. It’s
now being implemented in Norway’s capitol city, Oslo, which has ruled that all of its taxis
generate zero tailpipe emissions by 2024—effectively banning even gasoline-electric hybrids.
Due to its punitive taxes on fossil-fueled cars and incentives for electric models, 50 percent of
Norway’s new cars are already EVs, and all new cars must be zero-emissions by 2025. That’s
led to a partnership between Jaguar, Momentum Dynamics, Nordic taxi operator Cabonline, and
the inductive charging company Fortam Recharge to create the world’s first wireless-charging
taxi fleet. To that end, Jaguar is equipping 25 of its I-Pace SUVs with Momentum Dynamic’s
inductive charging pads. The pads, which are about 60 cm square, are rated at 50 to 75 kilowatts.
As the cars work their way through taxi queues, they will stop over a series of inductive coils
embedded in the pavement. Using resonant magnetic coupling operating at 85 hertz, a charging
pad will route enough energy to a taxi’s batteries add about 80 kilometers of range for every 15
minutes hovering over the inductive coils—with no physical plugs or human hookup required.

Other demonstrations are now going on with inductive systems designed to charge moving
vehicles. A serious drawback of this approach is that real world inductive chargers are currently
only 40-50% efficient.

Another, and in my opinion solution, solution would be to adopt Thomas Edison’s BEV
paradigm; i.e., standardize battery configurations so that smaller/cheaper batteries could be
rapidly switched out at “filling stations”'®°. Range anxiety is the main reason why people aren’t
convinced that EVs make sense and the reason that I’m preaching that our government mandate
design of EVs with batteries that could be easily/quickly switched out at “filling stations”. AS is
now the case with gasoline, competitive market forces & technical advances would determine

180 Car owners would “own” the car, not its battery.
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exactly what’s in your car’s standard-configured “black box fuel tank” but we wouldn’t have to
worry our pretty little heads about getting stranded.

We would still own the car & pay for the battery that it came with - from then on we’d just be
paying for energy & whatever service we’d get when we go for an “outside” fill up on long
trips.

This world doesn’t need yet another big, luxurious, “perfect” car built to impress millionaires
and wannabe drag race car drivers - it needs lots of good-enough, cheap, reliable transportation.

Several years ago, BetterPlace.com implemented a system within both Israel and Denmark, with
eyes on California’s much bigger potential market. It would be simple for car owners:
BetterPlace owned the batteries and they, the EV and BetterPlace were mutually connected via
cellular service. The driver selected a destination and BetterPlace examined the battery's state
and returned a route, perhaps directly to the desired destination, or to a intermediate stop where a
fresh battery would be swapped in to continue the trip as Edison had proposed. Batteries at the
swap stops were connected to the utility system and charged//discharged per utility needs, under
contract. Similar charge/discharge service could be performed at the EV owner's home. In any
case, batteries were always in productive use and remotely monitored for both charge, and
performance. Any time that an EV owner wished to travel or change route, BetterPlace would
remotely update their and the customer's systems. Getting batteries out of customers' hair was a
great idea. They began an operation near San Francisco’s airport, but then faded away. (this
paragraph’s info came from Alex Cannara.)

EV owners are increasingly frustrated with home charging, and it should worry every electric car
maker because electricity rate inflation is making home charging a miserable experience for
some drivers at the absolute worst time.

A new J.D. Power study of EV owners using Level 2 home-charging stations found that overall
satisfaction in their home charging experiences declined 12 points since last year. A major factor
in that decline was the inflationary rise in electricity prices.

This could pose a real problem for the EV market because home charging is held up as a solution
to daily range-anxiety issues. Without a robust public charging infrastructure, daily home
charging is currently key to effective EV ownership, according to automotive executives,
dealers, and

There are of course several programs designed to ease the cost of EV home charging mostly
having to do with scheduling charging at the most affordable times of day via “smart” metering.
However, the J.D. Power study found that there is little awareness or implementation of such
tricks.

200



Geography played a role in overall home charging satisfaction levels; e.g., in New England,
where electricity prices surge at peak hours, home charging satisfaction saw the largest decline.

Different brands also had different levels of satisfaction, with Tesla home charging stations
topping the list.

However, such “tricks” won’t solve the problems engendered by policies that encourage
businesspersons and their supporters to pretend that intrinsically unreliable and expensive
electricity generation can replace intrinsically more reliable and cheaper power sources.

The trick of course is powering everything having to do with transportation - cars, battery
factories, and the energy sources charging them - with a reliable and big-enough source of
clean, green, and sustainable power - not with wishful thinking, “resilience”, or “all of the
above”. Since a typical US BEV consumes about 0.346 kWh/mile, US drivers collectively drive
about 3.2 trillion miles per year, and their country can’t generate nearly enough hydropower, it
would take ~126 one GWk reactors to keep us as mobile as we are now.

Like it or not, all of today’s full sized electric vehicles are for the world’s more affluent people.
Internal combustion engine powered vehicles are relatively cheap because they are made of iron,
glass, and plastic. Tesla is no longer talking about a cheap all-electric vehicle because Mr. Musk
currently doesn’t see a way for it to happen based upon projections like those of the International
Energy Agency about what replacing today’s cars implies in terms of mining during the next 20
years (The Role of Critical Minerals in Clean Energy Transitions — Analysis - IEA! | Its page 9
suggests that we’d have to increase lithium production by 42 times, cobalt production by 21 and
nickel production by 19. It currently takes about 10 years to bring a new mine into operation,
environmental laws would have to be rewritten, and the governments of Bolivia, the Congo,
Russia, and several other countries would have to be replaced to meet such production targets.

Sony initially developed the lithium battery in the 1980s. It took 35 years to get to where we are
now with that sort of battery and there is no proven alternative to replace it. Lithium ion-based
battery prices are rising, Mr. Biden’s $7000 BEV tax credit is not enough, and the U.S. is both
not electrical energy rich enough to power such a fleet nor apt to become so unless his
government’s other energy-related policies radically change.

Global solutions must be based on globally abundant materials because nothing else works at
scale. That’s the point behind MIT Professor Donald Sadoway’s battery research. His team has
looked into a plurality of cheap metal (e.g., sodium, calcium, aluminum, magnesium...) battery

181 Currently (Mar 9, 2023), the zero upgrade, 60 kWh battery, rear-wheel drive trim version of the Tesla Model 3, ,
not including any taxes, destination, or other fees. starts at an MSRP of $42,990
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chemistries the latest of which utilizes a metallic aluminum negative electrode, an elemental
sulfur plus graphite positive electrode, a safely low melting molten salt electrolyte (about 90°C) -
mixture of sodium, potassium, and aluminum chloride salts, and a spacer that looks like a thin
layer of fiber glass matting - see A new concept for low-cost batteries | Aluminum-Sulfur
Battery | Donald Sadoway | Avanti - YouTube & Fast-charging aluminium—chalcogen batteries
resistant to dendritic shorting | Nature. To me this seems to be the breakthrough that could
render an almost totally electrified transportation system including even farm tractors practical.
All of its components are dirt cheap and neither particularly flammable nor apt to create much
smoke if something surrounding the battery catches fire. Its voltage per cell is about 1.05 volts
which along with the fact that both of its electrode materials have low equivalent weights
suggests a theoretical electrode energy storage capacity of about 96500*1.05/(27/3+32/2)/3.6E6
or 0.001126 kWh/gram?82, Professor Sadoway estimated that his entire Al/S batteries will
eventually cost about $8.99/KWh and have capacities of about 300 milliamp-hours/gram . At a
voltage of 1.05 volts, that’s 1.05 volts*0.3 amp*3600 s/ 3.6E+6 J/kWh or just a bit over 0.0003
kWh per gram. For a premium Tesla BEV-sized battery (90 kWh) that totals up to 300 kg
(90/0.0003 grams) of battery costing 90*8.99 or about $810. If you drive it 15,000 miles per
year & its Al/S battery lasts for 5 years'®® & TESLAs really can go 300 miles/full charge, that’s
a battery (not electricity) driving cost of 1.08 cents/mile ($810/(15000*5) - happy days are here
again!!

As far as “conventional” BEV battery durability is concerned, Mr. Musk is now promising us
that his cars’ super lithium-ion batteries will soon be lasting a million miles! Even better,
Dilbert, apparently an especially clever US nuclear engineer, has discovered a way to generate
their energy sustainably - see Figure 90 (the core of his reactor could be the mortal remains of
either Alvin Weinberg or Admiral Rickover).

If MIT Professor Charles Forsberg®* were writing Mr. Biden’s policies, there wouldn’t be
subsidies or tax breaks for fully electric cars because they would likely impose excessive
external societal costs. The reason for this is that Californian studies indicate that 100% EV
would be a nightmare for its electrical grid because it would add to peak demand at all the wrong
times. From a grid perspective, a “smart” hybrid EV is radically different than a 100% EV

182 96500=0ne Faraday = number of coulombs/of electricity per equivalent of charge. The oxidation of one gram
mole of aluminum (27 grams) generates three Faraday’s worth of electrons & reduction of one gram mole (32 g) of
sulfur to sulfide sucks up 2 Faradays

183 Since the battery would be undergoing only 50 full charge discharge cycles/annum (15000/300 =50 ) it’s quite
likely to be able to last at least five years.

184 These paragraphs reflect Charles Forsherg’s opinions most of which I agree with.
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(BEV) because its charger could kick off the grid if there’s a power problem and most people
(not “the 1%”) would charge only during off-hours to save money. For example, most of Brazil’s
cars can run on almost any mix of ethanol and gasoline. Everyone owning one of those cars has a
card showing what gasoline price corresponds to what ethanol price for their specific vehicle and
therefore fill its tank with ethanol or gasoline based upon whatever is cheapest per mile. With a
plug-in hybrid you still get what most people buy cars for--assured transportation anytime you
want and not having to share air with crowds of maskless strangers. According to Dr. Forsberg
we’ll eventually decide to replace crude oil with “nuclear biofuels” because there are no other
options.

If reliability to individuals is ultimately deemed to be a primary goal, hybrids win by a hefty
margin due to their reliability and resilience.

Ford’s ultra-popular 150 hybrid pickup truck currently comes with options providing its owner
with from 2 to 7.2 kW of 120/240 volt 60 Hz electricity. It is often used to provide electricity
where there’s no grid (e.g., isolated construction sites and campsites) and power its owner’s
home during grid blackouts. It’s far more practical than its all-electric F 150. The latters’
downsides are that they are not yet “smart”, too expensive (roughly $60,000), and their drive
train batteries are too small (1.5 kWh) to back up homes or an electrical grid by themselves.

His bet is that grid-compatible hybrids will ultimately become the USA’s primary vehicle—
partly due to the costs of providing both enough all-electric car batteries and sufficient grid
capacity to charge them during peak demand times. The batteries of millions of “smart” plugged-
in hybrids could recharge the grid for short periods and much longer from their fuel tanks.

If Dr. Forsberg were to become the USA’s all-powerful energy guru, there would be subsidies
for “smart” plug in vehicles paid for by taxing both internal combustion and all-electric vehicles.

Of course, any hybrid vehicle-based energy scenario would still require a good deal of fuel, the
manufacture of which will be the subject of the next section of this book.

In any case, we tend to over-invest in our POVs regardless of what sort they might be. Most of
the future’s relatively “cheap” (much simpler), non-hybrid, BEVs should utilize lightweight
government-standardized 10-35 kWh batteries which could either be quickly charged at home,
on the fly with inductive chargers, or quickly switched-out at the sorts of “filling stations”
envisioned by Thomas Edison over a century ago.

4.3.3 “Nuclear hydrogen™’s synthetic transportation fuels

Contrary to popular belief, electric cars aren’t as environmentally friendly as they appear to be
because although not powered by gasoline, electricity production is still mostly done by burning
fossil fuels. This means if we were to switch over to electric vehicles entirely, we would be
switching from one fossil pollution source to becoming more reliant upon another. Some experts
say that if electric cars become the main mode of people transport, carbon emissions will only
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shrink about 10-percent. That might come as a surprise to many politicians like those of
California which plans to ban the sale of internal combustion engine (ICE) cars by 2040. The
production of electric cars along with their manufacturing and shipping are also massive sources
of pollution. Electric cars produce so much carbon in the production and manufacturing stages
that one needs to be driven for 100,000 miles before it can truly generate a smaller carbon
footprint than do well designed ICEs.

This makes me wonder if electrification is truly the solution to the pollution caused by
combustion engines. However, because today’s motor fuel production system isn’t sustainable

the future’s combustion powered cars must eventually be fueled with one or more synthetic
fuels (aka“e-fuels”).

However, that’s easier said than done. There are many steps in making a practical synthetic fuel
which sans subsidies, currently renders makes them much more expensive than is traditional
gasoline or diesel fuel. This means that the costs of an e-fuel-powered car may greatly exceed
the long-term cost of an electric vehicle. But since the raw ingredients of e-fuels (air, water, and
carbon) are easy to come by and some e-fuels could fuel today’s ICE’s combustion engines,
they may be a better alternative than options requiring the manufacturing of millions of new
vehicles, along with the infrastructure required to fuel and power them.

Though the manufacture of synthetic fossil fuel-based transport fuels (synfuels) such as coal or
gas to-oil liquids is apt to increase over the next several decades, it is unlikely to compensate for
the inevitable decline of petroleum production and would exacerbate such fossil fuels’
environmental impacts.

Table 6 Comparison of batteries to jet fuel

Specific energy Energy Source Ex/E jet fuellkg  Useful energy ratio/kg
~42 MJlkg jet fuel 1.00 1.00
500wh/kg Li-metal battery 0.045 0.103
340 why/kg Li-S battery 0.0309 0.0701
250 why/kg Li-ion battery r 0.021 0.0487
55 why/kg Ni-Cd battery 0.0046 0.011
25 why/kg Pb-acid battery 0.0021 0.0049

*assumes 33% fanjet and 75% electric motor/propeller efficiencies

Table 3 compares specific energies (Wh/kg) of today’s rechargeable batteries to that of today’s
predominant hydrocarbon-based aviation fuel. It’s obvious that batteries are unlikely to power
any air transport system requiring long ranges or high speeds.

The fact that a properly implemented nuclear renaissance would render electrolytic hydrogen
much cheaper than it is now raises a host of other transport fuel and energy storage possibilities.
For instance, hydrogenation of the ~11.6 t/ha of product crop stover mentioned in Chapter 3.1
would produce about 3x as much synthetic fuel oil (~4.9E+8 tonnes/a) as would making it from
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biocharing the same stuff’s bio-oil byproduct (Agrawal 2007). At equilibrium, such synfuel
would be carbon-neutral because its carbon moiety originated from the atmosphere’s carbon.

Cheap-enough hydrogen would also render the raising of cellulosic-type biofuel crops easier to
rationalize. The reason for this is that the hydrocarbonaceous (CHz)» —type fuels that could be
made from carbohydrates (CH2O), are better fuels than is any alcohol that might be “brewed”
from them. In principle, that scenario has a great deal of potential because it should be possible
to raise a great deal more cellulose with minimal short-term impact upon food production®®°.
The key to doing so is “double cropping” - utilizing the primary cellulose producer as a cover
crop (e.g., rye grass) during that part of the year when the food crop (e.g., corn or soybeans) isn’t
growing, i.e., plant the cover crop immediately after the food crop is harvested and cut it just
before the food crop is planted. A recent USDA study (concluded that the USA’s corn &
soybean acreage could produce about 4.2 tonnes of rye grass cellulose per hectare in that fashion
(Feyereisen et al 2013). If that entire ~97 million acres of so-devoted US farmland were to be
utilized, it could produce about 164 million tonnes of cellulose® which, in principle, could be
hydrogenated to about 77 million tonnes of hydrocarbonaceous fuel which in turn corresponds
to about 24% of current annual US gasoline consumption or twice its aviation fuel demand.

A selling point for that scenario would be that it could reduce erosion because soils would be
covered by plants for almost the entire year, not just during the primary food/cash crops’
growing season which would retain water and reduce erosion.

However, we humans have been strip mining our agricultural lands from the git-go & most of the
world’s implementation of Dr. Borlaug’s ”Green Revolution” greatly accelerated its rate.

Double cropping all of it for the purpose of making fossil fuel substitutes is likely to double the
rate at which such soils’ plant nutrients end up in industrial waste heaps,

185 Human-type food that is. Most of the US corn belt