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Introduction

| 6 m g o i trihgs with@ quetée feom the person whist co-wrote
and then produced the masbnic televisioos er i es t hat | 6ve
Car | Sagandos COSMOS

| feel that | am a member of a civilization that cannot awaken to the
challenges that threaten to destrib. One of the ways to awaken people
IS to give a dream of what the future could be if we usecience and
technology with wisdom arfdresightand begin to think in the
timescales of science, not the nexiance sheethe next election, but
1000 yars from now.

Ann Druyan(Award-winning director, science communicator, coauthor/author of the COSMOS
series,and Cails wi f e

Apparently because | am among a minority of scientists (Springer 2014,
Sims 2011, Hanse2008, Hansen 2016, and EFN 2018) willing to say

t hat todayo6s p enucedriranewhdleyenegpsourcesc t  (
couldnét support even the near fut
without severe environmental consequences, | was asked tdbatana
chaptertd®r of es s or R asbits@encevbllanedescribingat e s t

how a "nucl ear renaissance"”" coul d
futuretechnical and sociassues (Sieme2020). That morphed into one
of QUORAO s | wveryve itded Aanswerso which,

this effort (QUORA 2018).

| & m5yaar Gld, retired Idaho National Laboratory INL A Consul t |
Sci ent i anbdhdical(rdsaanchschemist, then chemical engineer,
and fnally, radwaste materials scientist) who had sparnththe last
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ten years of his careewing tofwhistle blowba bout how | NLOSs
previousiimissioro( ser vi ng as oDOmBO6 g aflwaad el a
management) had beandis still apparentlypeing managed This

book will first explain why nuclear power should diietly could

become the worl dobébs primary energy/
reasons that i1to6s become so diffic
fix for thew o r lewedyy conundrum

Global electricity demand continues to double every two dedades
remains the most difficult form of energypeovidein a simultaneously
sufficient and reliable manrfeiSome three billion people currently live
in regions where total pexapita electricity consumption is under that of
a small modern refrigerator. How well we close the colossal gap
between thev o r lel@ddrisity rich and the electricity poor will
determine ouultimatesuccess in addressitigngs likewomen's rights,
unemployment, inequality, and climate change.

In his latest book Question of Powex journalist Robert Bryce tells the
uniquely human story of electricity and shows how our cities, our
money-our very lives-dependuponreliableand sufficientsupplies of it

! Before | went to work for DOH, hadspent my first four posPhD, years as &enure track
AssistantPra§ s sor of Chemi stry at Marquette Univer si
apparent by thethatwhat | was good at doingteaching, student recruitmenand

experimentatioi wa s mnéetar | 'y as i mportant in amendyemi a as
something for which | hathnd stillhave)n ei t her i nterest nor talent
informedby a contractorthat! hadhired to install aluminuntrim on my house that my salary

was undethatwhich hewas payindhi s f hel p 0. when&omesne mademéidl oyo,

good t o r e fspestresoopymiifdreace thahadtaken my graduate students(bmth

got their PhDO&s dbeecfiodreed It ol egfitv)le t he Areal worl

The reason for this iabwaysmachdemaridccotnrsiucnietrysd sd osnudr
possess fuel tanks from which more or less electricity can be drawn.

15



(Bryce 2020). Hé kighlightedthe factors needed for successful
electrification and explains why s
stuck in the dark. He also debunks the notion that our energy needs can
be met solely withenewables and demonstrates wiifywe are
genuinelyserious about addressing climate changeclear energy must
play a much bigger roldnan mostoft he wor | c&pgeds ener gy
apparentlyassune. After first describing the history & probable future

of all of mankindds energy/ powam sour
even more veteran journalistrived at the same conclusidRhjodes

2018)

They are both following in footsteps made by Alvin Weinberg and M.
King Hubbertover six decades ago.

Thisbook s neither another review @ifuclear powaess history nora
summary of othep e o pdpieians For the most pathose
effortgopinionswill be summarize@ndfi o p e n  @eferenees given
sothatits readergan readhemthemselvegwhich| strongly
enmurage) ltis largely autobiographical and seeketcouragdts
readers tao the same thing tiats g me thr@ughoumy scientific
career fithink foryourselfand doit with number&®. The biggest
difference between this and books written by atlsbaing my
enthusiasm for nuclear power (e.g., Rhoti@g3,Craven2007,Moore
2011,Till 2011, Bryce2010, Bryce 2013ryce 2010Beckers 2016,
Beckers 2017Crane 2010,Erickson 2019 & Goldstein 2019), tisat

% The reason for basing decissimp i ni ons upon fAnumbersodo is that
initially appear to be perfectly reasonable prove tarmreasonable when examined

guantitativelyMo st @ adwvceemrd iofi ntgidetiveesvicendustries relies upon

mo st prelociance tassOOGLE stuff andlo simple math.
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16 mteehnicalil i n s who eetained his sensef humorwhile
becomingaware ofthat i n d u doiblesa®veell as its strengths

Anyway, after 16d retired, | deci d
provided by the internéhot my previousemployer)to determine for
myself whether or not we acthaally

developmengromotion of which had become INLs A new mi ssSi C
Aftera mo nt h 0 ponderogthe durrent Suite oénergy source
alternativeshadconvinced me thahe world doesndeed need such a

renai ssance, | then | ooked into wh
implementarenaissance apabl e of addenergysi ng ¢t h
relatedissues; i.e., onebased upoibreedertypereactors. Theroot

caussturned outto bethesaneu |l t ur al Asympt omso
turning the treatment obOEHanfordb/6 NLO6s Ahi gh | evel
(HLW), opening a HLW wastirepository, & building aMOX-type’
reactorfuel factay, into multibillion dollar boondoggles. My own
experienceswithibOEG6s | abhboagowi e what 6s
since | retiredrom themleads me to suspect that mosits nuclear

engineers and scientidsestilqui t e under standably
saious" aboutmuchother tharcontinung to quietly study their little

* A breeder reactor generates at least as much fissile matetiabasiimeslt can do this
becausdts nutron economy is high enough ¢ d waste medtitons) to cregtefl b r emerd 0 )
fissile (**U, 2, or®*Pu)thant h ey 0 b u rviathe(trinisrsugiion deitile materias

(**®U or#*2Th) alsowithin thereactor At the beginning of the nuclear agesbders were
consideredo beabsolutelynecessary because they make far neffieient use of natural
uranium(NU) than do light water reactarslowever jnterestplummetedafter the 1960because
moref e a granimwasdiscovered and a cheaper way of errgtit (isotopic separation via
ultracentrifugation) was developed.

MOX= omi xed oxideso of plutonium and urani um.
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non-controversial piece of "all of the abdVeintil they can retir¢oo.
The recently resaled root causes of the Boeing M@x disasters &
the US Federal @ v e r n nmaectear dadndogglingover
bureaucratization, refusal tmldress the issues responsible for its
younger ci t i, bprermparsplamdfor anytbing beyand the
next electiorcycle demonstrate #tisamebull-headedness responsible
for theFukushima an€hernobyl(Higgenbotham 2019)finuclear
disasteso.

Humanity hasamrived at a critical moment becausg the end of this

centuryi justonemorehuman lifetimel we will haveeffectively

exhaustdthe fuels powering o d avgrld andouraddction is

relentlessly exacerbatirtge environmental ¢limate changs degrading

our environmentFor instancel_elievelad et al(Lelievelad 2019
recentlyreportedthat the number of excess deaths due directly to fossil

fuel consumption is about 3.6 tidin per year and the total due to all
anthropogenic effects is over 5 million per yeaFhere isa tremendous

needto develop better ways of providingthee ner gy rexy@aredvi c e s
to fuel economic development and provide energy sedortgveryone

not justfor itsfrichosocietiesThebestwr i t t en descri pti
yet of both what that problem is and how it might be addressed is a book
written/published by the Post Carbon Institatel freely available at its
website (Heinberg & Fridley 2016) .

® During theU S A fast twopresidentiaadministrations"all of the abové has included gas, oil,

wind, solar (two flavors), geothermédl,b i g How deadhgdro, wood/palm
oil/switchgrass/corn/rapeseed/sbya s e d  bbeaufiful debnscoal , i and conventi on
nuclear power.

"That

0 s aneountber of Heathssatributed to the 29989 Spanish Flu pandemic and
probabl

y more than the current fAChinese Fluo
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include nuclear power in their much constrafhedll renewables

powered hypotheticafutureworldb e ¢ a muslear fuel is not

renewable Heinberg & Fridleywere right in the sense that here in

the West cannot currently purchase renewable nuclear power, but wrong
to completelywrite that possibilityoff because ishould, could, and

must become so. Addressing the hows and whys of doing that is the
main subject of this book.

Therearda hree types of natur al primary

A The first of these are energy flowsrocesses primarily driven by
sunlight from which some useftb-humans energy can be extracted,;

e.g., solar radiation, winds, and rain water flowing downstr@atvers.

Most of the potentially useful energy represented by such flows is both
diffuse (low power potential per unit area or mabarvesting it requires

lots of time and large equipment) antermittentwhich means

unreliable with respect to therte periods relevant to satisfying many of
humanityodés power demands). Howeve
shine long after humans become extinct, such flows are also
Arenewabl ed meaning that they are
concerned.

8 fiAs we have seen, relying entirely on renewable energy entails some hefty challenges. We have
discussed atane 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 viaenggng of
energyconsuming equipment; and the requirements for very high levels of investment. The
conclusion we have reached so far is that, realistically, a mostly-andesolar future will likely

provide less energy overall, less mobility, and lessufecturing capacity. This conclusion is

|l i kely to be unwelcome to many readers, again n
narrow boundary assumptions. This chapter addresses three of the most likely of those
objectongHe i nber g & Fridley 2016) 0
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A Thesecond is fuels which comprise relatively concentrated,
biologically generated, forms of stored solar energy. There are two types
of fuels: 1 ) r e n e w abiofuedssnclualing thie ivood,s h o
bioethanol, and sundry biodiesels produrethodesijuanttiesevery

year by stillexisting lifeforms, and 2)elatively largefossil (i d e & d O
biofuel accumulationgncludingpeat, coal, petroleum, and natural gas

that Mother Nature does not replace atsadéevant to human

civilizations.

A The third is nuclesfuels comprising natural (i.existing,

meanng long lived) isotopesf elementsat the extremes of the periodic

table (e.qg., hydrogeand actinidesuranium & thorium, possessing
nucleiunstable with respect to thosetbeelements (e.qg., iron) ne#ds
center. |l sotopes at the Iight end
bango that created the universe an
subsequently generated by the supernovasthated he s ol ar sy
heavier elements. Useful energy can eeagated by either fusing those

| T ght el ement nucl e whichtbepwcorheefr ( A f u
over 50 years of stydand experimentation suggests is virtually

impossible to mplementhereonEadhr by splitting (A
isotopes at that tabltheavyextreme. Many different fission reactor

concepts have been proposed sofnehichbeen reduced to practice
(eitherdemonstratedr actually used to do something)

According to the dictionary, renewable electricity is generated by

sources thadire either naturally replenished or inexhaustible. A

sustainable source is one that can supply a specified amount of power
(energy/time) for a definite perio
fAif or seeabl eodo nBoaafamssfirdndvebbowerna r s
forexamplec od | i v er -mustbe uBed caatibuslg do titat

I s noOt usgdiuppediroygdor otherwiseenderedunavailable

20



Conversely, a nonenewable resource can be sustainable if astdtd

rate that ouNeanderthal anceswburned coal. However, if such

things are used as we do now they will be exhausted well witiothar

single human lifetime. As this book wabktablish todayos ci
nucl ear fuel cycle is neither sust
could should, and must become so.

By circa 2100 AD (and preferably sooner) we must buihabt just

N d e mo n glean @rteentbouse gas (GHfEge) energygenerating

systems capable of powering the homes, factories, transportation
systems, and citesofawd d t hat s even more en
compromised with-50% more people to suppdhianis ours The

supply speed and scale of such change is unprecedented. Those needs
cannotcontinue tdbe satisfied fof u s tp e itpeoplé ai the expense of
othersithe ri ch candt just keeel ged@st i ng
lives become more precarious.

Todayos economi csacéangayasep upetilet mo d el
continued consumptioof fossil fuels and thefere pose serious threats
to the environment. Local sdeffects include pollution, land
degradation, forest fireand water scarcity. Globall(sHG generated
climate change increaséherisk of extreme weather events such as
floods and drought, as well asosystenthangedike sea level rise,
forest loss ad ocean acidificatiqrFigurel). While some regions are
likely to get wetter as the world warms, other regions alréaalyryare
likely to get drier.Climate modelers expect tlaenount of land affected
by drought to grow and war resources in the affected areas to decline
as much as 30 percent by radntury. 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

21



thundersbrms, and descends in the subtropics as dry air. As jet streams
continue to shift to

Figure 1 Norway's winter 20192020 record-breaking snowfall

higher latitudes, and storm patterns shift along with them,-aechand
deserareas are expected to expand

Global warming affects evapotranspiratiothe movement of water into
the atmosphere from land, water, and pfanfacesiue to evaporation
and transpiratiod which is expected to lead to increased drought in
t o day 0reas(defineceas belwormalriver, lake, and
groundwatetevels and lack of sufficient soil moisture in agricultural

® https://www.climatehotmap.org/globalarmingeffects/drought.html
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area$. Precipitation has declined in the tropics and subtropics since

1970. Southern Africa, the Sahel region of Africa, southern Asia,

Australia, the Mediterranean, and the U.S. Southwest, for example, are

all getting drie(Williams 2020) Even areas that remain relatively wet

can experience long, dry conditions between extreme precipitation

eventslf agriculture continues with currentgmt varieties and cropping
systems, climate change on a whole will lead to yield losses in maize

and increasing yields in wheatn@verageheat stress for all of Europe,

will not pose a problem for crops when there is sufficient rainfall.

However, droubt stress will pose a problem forops,maize(the most
productivefood crop in particular. In years with low yields, drought

will be aproblemthat highelCO,c oncentr ati oasst woul d
mightin the absence of droughit.Mi ght 0 b e c amseguenceanot h
of anthropogenic carbon dumping is that whilmdys e em t hat t h
an upside to rising atmosphere carbon dioxide concentratsmme

plants grow fastert hat 6 s n ofigood. &keseascless atiOhiy

State UniversityDE martini2018)haverecentlyshown thafor food-

type cr ops thespmaas gualityyMost such@lants are

indeed growing faster, but have more starch, less protein and fewer
vitamins in themThatchange is happening becausedhe mos p her e 6
carbon dioxideoncentratio is ~ 50% higher than it wag the

beginningof the industrial revolutionConsuming atmospheraarbon

dioxide and light, a plant first forms sugars and starches, followed by
protein, fat, and antioxidarits ThoughCO, is necessary for plantso

“Mechanistically whatoés happening is that hig
plant photorespiration during which they take in oxygen, release excess carbon dioxide and
prodce waste byproducts | i ke glycolic acid that

into something that they can use, glucose, they have to do more photosynthesis.The lowered
photorespiration rates permitted by higher atmospheric carbon dioxiderdoations lower the
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much can reduce the amosiof valuable nutrients themincluding
trace mineral$ike iron andzinc.

In Europel t 6 s | drdught wyll be albigger problem than heat, and
worse for maize than whe@Webber et al 2018)

Climate change is alrdg impacting millions of people, particularly the
worl déds most vul ner abhunmanityreafyddesat i on
need to embark upon an-alit efforti aworld-widen nucl ear gr e
new dedl - to combatothclimate changand theeconomiésocial
consequences othérwideihn esv icteanli lue yiose ak
gasamdipeak coal o.

While this book willidentify the reasonwhy a properly implemented

nucl ear renai ssance c oreldtaissaed dr e s s
more efectively than could any combination tbfe currentlypolitically
correct renewabl e energy sources,
thingsi i t 61 | b e p ramythingekcept thercudtdral a nt i
pathologieghat have renderesignificantreal progress in tiesearens

almost impossiblbereintheUSA. 1 dondt fAhatldod r ene.
hate liarsand cheats.

My goalsinclude:

1 Showmy readerghopefullyincludingbright, still-willing /able
to-learn,young people like Greta Thunbésgh at 6 s real | vy

pl antsbéstress | evel which is unfortunate beca
protein and antioxidants such as vitamins C & E. In short, as atmospheric carbon dioxide rises,

there is less photorespiration streasplants translating to increased growth but compromised
nutritional quality. That wondét be helping ou
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to happervia lots of accessible referencesprkedout examples
and homework problems

9 Trytoconvince myexcolleaguest t he USAG6s nat.
laboratorieghat it is absolutely necessdnyfiget serioug about
implementing aenunely sustainabl@ucleamrenaissance

1 Remindthem that there's a pretty good chance of succeeding if
theyscrew up enough resolte pull their headsip out oftheir
| e ade drawerns.p s 0

1 Explain whythe USfederal governmeit suclear engineering
(NE) expertshave notyetdonerithe right thing w i spelstto r e
developingpracticalsolutiorsto thew o r Indci@as energy
conwndrum

To supporimyoftenicont rover sial o opmanyons |
examplesof bothmy and othesbexperiences with the & Department of
Ener gyos ( DOE 06 keynucteampowerrelatezl projects. f

Since the Afr i c@mdotheolifietforms@enaptiode pe o p
the most sever el y demograpliceneibnmental, t h e
resource limitation, and enomic challenges, most of nmyiclear

renai ssscaenncarisd 4 ewill inakegadutionstoAf r i cads
especiallyi s p e issues.|Lige thosdetailed n Davi d Mackay
iconcbook ASustainable Energy: Witho
my exampls will be numeric (quantitative) and based upon reasonable
assumptions and readily obtainedJOGGLEable) data, not sweeping
generalizations, over simplifications, or the sorts of wishful thinkiag

often reflected in disquisitions invoking nuclear poeerutopias.l will

also be putting the results wly examples into proper perspective:
Anakedo i aspenbllg vesy large or small ones presented with

Ast r an gieolten aven ntiskead scientists and engineddsing

sowill undoubtedly offerd manyof my pronuclear colleagues because
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some of the reactor concepts thegcurrentlybeingchampiomedarefar
lessiiequab than othergOrwell 1945)

| t 6 s baelateaotentinueto do whatever sounds nice ertlie
nucl ear | n tbhusiness madledln acfinite woeld) time and
money wasted doing unnecessary things is antamoneynot spent
doing necessarthings

Thisb o0 o ka8sscenarias thatbycirca2 1 00 AD, a fsust a
nucl ear riemmdi ;annanma@adad nmdfx tole tabdoawe
politically correct renewable energy souregberwith or without a

few moreof-the-samenuclearreactors will be addressing the root

cause®f most ofma n k i msdrg teroughoutistory. Among the

wonderful things that such a renaissance wawdder possiblgood

production would become genuinely sustainable because cheap/clean

el ectrical power would simultaneou
and enable the mining, grinding, shipping, and distribution dicsert
powderedbasaiver f armland to affect Mot
notoriously unreliable and sometim@gencatastrophic (volcanic)

approach to both selluilding and atmospheric GBequestrationt

would also enablthe minng, grinding, shipping, and distribution of
sufficientultramafic rockbased sand to sea shores and reafsvierse

oceanic acidificatiomndprotect thenfrom rising sea levelsSchuiling

& Kingsman 2009.

The key advantagef any nudear power plantelative towind and solar
plantsis thatit canconsistentlyprovidegreenhousgas(GHG)-free
baseload power regardless ofigfhside of the bed thaother Nature
happens to get up frarBaseload sources se@®undthe-clock energy
demands: aluminumproductiongmelting,glassmakings, steel milk,
electriclocomotivesetc) asopposed tammediatepeak demarsiwhich
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changeaccordingto varing consumer requirementfor example, when
people get home from work and start cogidinnel).

The major downsides of stycsdeasepodss ci v
are theirartificially high build costglus thefact that they are grossly
inefficient™ at convertingheir natural uranium and/or thoriuffiuel

supphoto useful power a fact hat renders themnunsustainable
(nonrenewabley: t her ef or e energylp@vegowce dahey o ,
worl dés nucl eampec<gd iademustsceving endu§A 6 s |
courage teschewtheiri n d u surrenybésmess modelnddevelop

reactors thatouldrendemuclearmpowergenuinely
sustainable/renewableAddressinghee nd of t henesgy cent ur
relatedenvironmentgleconomicand sociatonundrurns will require

20-30 thousand, fulkized (~1 GVe) such reactorgpoweing a world

wide 'greennew dedl like that envisioned byAlvin Weinberga

lifetime agqg notjust moreoftheUS AGial | ofevbdeyabewec
o energyresearchmuddling If thinking thatwaymne ans tahat | & m
At blemakeo r A un ptah ason@thingbadld vspent most of

myl i fe being accused of and theref ¢

Notes:

11 06ve daddia@L®ISARY®o this Edition. Itis by no
means completeGOOGLING will eventuallydig up the
meanings of acronynsthatl 6 weglectedo include.

Y3l nefficientdo because <1% of the natiatheal ur a
rest i s Awasteo and therefore discarded. Reac
ot herwise doesndét fit the nuclear industryods
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1 One of the reasortbatthis book hasuchan awful "tone" in some
places idingering resentment$yve always been willing to tackle
technical problems that experts have already come to consider their
own bailiwick; e.g., anything having to do with atmospheric
carbon dioxide removal, "managing"h e Ue&pdcessing
waste, or devising a worthwhile nuclear renaissavdeat's
fworsd in quite a few cases I've discovered & then pointed out
that there's ago be better ways of doing whatever it is. Already
established experts almost always hate that which often makes it
tough to publish in peaeviewed technical journals dealing with
anything that I'm not an alreadlgcognized expert in myself (that's
why my official pub count will probably never exceed 100). So do
their managers, which if they also have happened to be in my chain
of command, translated to career disenhancement. However, I've
managed to save up enough money to retire early & becommfree
say & do whatever | wishmostly think, do simple
calculations/experiments, & now, write.

1 Regardlessfwhy yowd v e d e readdhe dook, may attention
to its footnotes &ry to work out your own answers to its
homework problemémine mightbewrong) Their/my goal is to
emblereaders to learn how to pewnceptseclaims,suggestions,
and numbers into proper perspeciarel theeby become able to
makereasonednot feelingsbaseddecisionsaabout technical
things Anyoneableto grasp whatheywere exposed tm their
high school science/mathematics clasdeagwith internetaccess
andacomputerizedpreadsheethould be able teventually)do
them Learning howtaofit e ¢ h n i ic & feallystdo tofigh 0
but doegequiresincereeffort.

| do not like to state an opiniaan a matter unless | know the precise
facts
28



Albert Einstein

The world would be a better place if its decision makers, talking
heads, and voters todki n s tsentimerd ® heart.

If you want to contact me, correct nog,suggesanadditionandbr
improvement to a future edition of this book, feel free to send me a
note(d.siemer@hotmail.com)

AThere are three kinds of men. The one that learns by reading. The

few who learn by observation. The rest of them have to p#eeon
el ectric fenddRdgers. t hemsel ve
(technicalnerds i ke me are fAnumber t
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Chapterl. ! FOEAAG O speODAAEATI |
Issues

Sincel like to use to use specific examplestgpportwhatever point

| 6m tryi ngmddo ogfe tt haicsr obwsobaddigss e x a mp |
Africads especi al ¥ yUnlike mpstirstivorl f ut ur
nations the majorityof Af ri cadés 54 countries col
alarmingly high rates of both population growth and poverty (ESA

2015). Approximgely 380 million of its ~1.2 billion people are

extremely poof oftenhungry and ten of the worl do
underdeveloped ( Trump 2018) countrigglozambique, Guinea,

Burundi, Burkina Faso, Eritrea, Sierra Leone, Chad, Central African
Republic, Democrati Republic of Congo, and Nigérare located
therein.Furthermore, lthough considered exceptionally

underdeveloped, none of them are among the twanigtries
recognized to possedsh e wor |l dos | owes®) | iving
meani ng t ha peoplefare consadérably poorerfactthan

are those in more technologically advancednavterthelespoor by

OECD standards nations like RomavostofAf r i cads peopl €
plagued by a lack of basic infrastructure due to dysfunctional and, often,

12 More so tharother continents, Afriaaagricultureis dominated by family farming, nghg

mainly on family labor~80% ofAfricad $33 million farmsare tiny- under2 hectaresWhile

women mainly comprise itabor force, the rules governitgnd ownership and transfer rights

are less favorable to them thareitherAsia or Latin America Over the last decade, largeale

investment contracts in Africa have covered 20 million hectares, representing more than the
combinedar abl e area of South Afri ca anadricifiuranbabwe.
potential is under threat. Mamy its farms are struggling to replenish soil fertility due to the lack

of investment capacity and secure land tenure. Won over lgathe made bindustrial farming
elsewheregits decisionamakers are sometimes inclined to make it easfiforut s i doestd i nv e st
acquire land, not always with the greatest transparency (Mayaki 2020).
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selfserving governance further complicatedidnyg-festering

civilitribal/religious conflicts ands thereforefacing bleak future¥’.

Much of Africa is als@ptto be particularly harhit by anthropogenic
drivenclimate change the Sahara desertgettingbigger”. The fact

thatmost of its coutries are ill equipped to deal with any sort of natural
disaster, possess economies comprised primarily of subsistence farming

on progressively poorgquality land, and have grossly underfunded

public health, physicahfrastructure, and education services constitute

only some of the factors considered in compiling quatitjife
rankings. Most of the United Natio
(UNDP 2018) also consider the fairness of income/wealth distribution
forwhichAf ri cads countr i emnkiag(@INlal so es
2018). Cambridgeds Sir Partha Dasg
award that economists can bestow, has pointed out that most of the

recent GNP increases 21/3" world countries have come the

expense of their average citizens?o

Af r i(andtdhse Wo r butgéanihg pepulatibgrowth
exacerbates all of its pangebl ems. A
population growth projectiors thatit will have ~4.5 Iilion inhabitants

by 2100 ADi about threetimethats i mi | ar 'y anti ci pat
currently most populous nation, China. The populations aff28

Africad sountries ar@redictedto more than double between 2015 and

2050 and, by 2100, those ohgola, Burundi, Democratic Republic of

13 Life has become more brutal and brutish  Wo | e S o yold Nigegian pl&8yvrighyt & a r
philosopher). CGTN interview, 16Feb2019.

14 Much of Spain Portugaland southwesterdS isbeconing more @sertikeand each vyear
heat waves are killing more people everywhere.
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Congo, Malawi, Mali, Niger, Somalia, Uganda, United Republic of
Tanzania and Zambia are to increase at leasfdike

Frankly, | considesuchprojections unrealistidirst, thewestern

worl débs increaGexgr émeppdli ami zati o
upon fascism) driven primarily by rapidly increasing class, power, and
wealth disparitieput usually blamed upon foreigneBecaod, the

armedto-t he teeth Al eadebsohetheuweasts
fact that i1ts dominance of the wor
diminishingcould cause it to beconmerly aggressive. Third, more
refugeeghan evemare beingorced to flee their honsedue to human

violence (war, terrorism, and persecution) #melconsequences of

climate chang® butnow often haveno place to go Fourth and finally,

the fact that the world will sodoe fadng the consequences of peak oil,

peak coalandpeak gas Both fihuman natur@andmost of human

history suggests that those factorayi gni t e anot hbat dwo
apt to kill far more people thandid the?©0ent ur y6s and t he
(or, more likely, reverse)the 2f'c e n t papyladiecnboom

126 d.S. officials crafting retaliatory actions against China over coronavirus as
President Trump fumeso
https://www.washingtonpost.com/business/2020/04/30/trahipa-coronavirus
retaliation/?utm_campaign=wp_evening_emiutm_medium=email&utm_source=
newsletter&wpisrc=nl_evening

'S Overhuman history climate changs usually drough have driven more people to abandon

their homes than anythingelsE.oday 6s worl d is far more crowde
byGrem | andsdé Norse settlers, the Otorbmdnadé& Khm
l ndus Valley <civil i z atlimaenefugeesira filodng mmeo@ens t hat t

difficult to settleelsavhere.
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A surprising large number of peopfearng the effects of
overpopulation upon the environmdael thatother people should be

|l eft to starve, or freeze, or die
numbers (ASoci al Dar wiinsiasissoe) . Over
because the worldds approach to i m

models severely impacts the natural world while leaving nadiig
people poor, ignorant, desperate, miserable, and overly fertile. These
arerealitiesthat we must combnt, not ignore.

If we sincerely wish to enhanéebr ot her hoodo, fAequal
Acompassi ono we mbigstibusness mgeladgheur | e
first step of which be to see that they provide everyone with abundant,
cheap, clean, and reliable nucleaergyASAP. If that comes to pass,
there wondt be a fApopul ation probl
rivers wil |l run free again, and we
remaining natural regions into palm oil plantations, cattle feedlots,

soybean farmsand desertsDoing so might even bring an end to the

Ant hropoceneds galloping ASiIi xth Ex

Unless anew, worldwide, F&i r oDesaolmbe how cotmes t o
rel ative demographic weingidswillof t he
dropshifting economic power to developing natiofile already

devel oped countriesd | eohsgainind or ce s
economic growth and rargy the demand for

17U.S. President Harry S. Trum@arBair Dealrevealed in his 1949 State of the Union address

was an ambitious set of proposals continuing
important proposals were aid to education, universal health insurance, the Fair Employment
Practices Commissigmand repeal of the Tattartley(antFunion) Act. However, becaugéen

as nowa fiConservative CoalitiamcontrolledCongresshey were alturneddown.
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c h e a p-documentedmmigrant workersvhichwill thenlikely
furtherincrease the frequency of killings, burnings, and bonganiyen

by jingoistic populisn. Unless things change,astof t he wor | do
population growth will be concentratedtime poorest, youngest, and

most heavilyfaith-based fnostly Muslim) countriesmany ofwhich will

continueto be unable tprovide adequateducation, capitand

employment opportunitie®r most oftheir young people

Finally,mostof t he wor | d dkely lveipcitiésavithithe n  wi |
largestsuchheavilyurbanizedareasn the poorest countries, where
adequatgolicing, sanitation, health carand evercleanwaterareaptto
be availableonly to their richest inhabitantsSuch wbanizationis apt to
be profoundlydestabilizing People moving to citiesithin developing
countriesduringtherest of thiscenturyare apt tdhave far lower per
capita incomes than ditlose ofmost oft o dsangiugtrialcountries
when they did so. The United States, did not reach 65 percent
urbanization until 1950, when its per capita incomaes nearly $18,000
in 20196 dollars.By contrastcountries likeNigeria, Pakistan, and the
Philippines now approaching similar levels of urbanization, have per
capita incomes of 23001 $5,200. Countries with younger populations
are especially prone tovil unrest and less able to create or sustain
democratic institutionsThe more heavily urbanized they become, the
morethey are apt texperienceayrindingpoverty and anarchic violence.
In good times, a thriving economy might keep urban residents entbloye
and governments flush with sufficient resources to meet their needs.
More often howevempeople livingin sprawling, impoverished cities are
victimized bycrime lords, gangs, and petty rebellions. Thus, the rapid
urbanization of the developing worilsl gpt to bring in moreexaggerated
form, the sam@roblems thatirbanizatiorbrought to nineteentbentury
Europe cyclical employment, inadequate policing, and limited
sanitation and educatiavhich spawredwide-spread labor strife,
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periodic violence, and swetimes even revolutions. International
terrorism originatein fasturbanizing developingountries Within poor
sprawlingmegaities likeMogadishuand Damascuyseighborhood
gangs armed witmternetenabled social networkingffer excellent
opportunites for therecruitment maintenace and hidingof terrorist
networks(Goldstone 2010)These cities will become increasing dirty
andpolluted becausthey are apt to remain on the rising edge of the
ienvi r okuzmetscuna| Hezade¥.

When life ischeap worthwhilejobsunavailable, and the future looks
worse,historysuggests that yourfgeopleare apt to g to war.

US Pentagon studies I§& 2014) concluded that threot causef the

majority of such deaths will be diseam®d starvation engendered by the
disintegration of technologgtependent societiekependent 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 Matter@', Ernst Schumacher (Schumacher 1973) observed that
todaybés technol ogi cal civilization
resources enabling it are treated as inventory (income) rather than
capital. The sustainabilityf t odayds econemic syst

18 The environmental Kuznets curve (GOOGLE it)) is a relationship between environmental
guality and eonomic development: various indicators of environmental degradation (e.g. air
pollution) tend to get worse as modern economic growth occurs until an average person finally
becomes rich/influential enough to insist that the povlesbe implement somethg like the
USAOGs AEnvironment al Protection Agencyo.
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requires continued growth of both populatfttandnominalwealth
(GDP), both of whichareimpossible in a finite world.

Second, ithefutured Eaderswvere todecide to addregketechnical
iIssuesotherwiseapt b lead to warjt wouldresult in lesseed fertility

(CATO 2013). Figure 1depicts the effectthatincreasiag popul ati o
prosperity® has upon their reproductive choidesplacement fertility

9 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 fact that our
energyenablectiviliz a t itexhmdogical advances have decreased child mortality (not raised
birth rates) and rendered it possible to feed
scenario were to come to pass, human population will gradually drop back/& 18

billion?) consistent with both much more pleasant lives for individuals and more room for other

living creatures.

“Norwayos performance exempiiehleo W atshte Wi LN Ges 101 e/qru
adjusted human devedopmeynds i midteixdemed | ‘fqgd &l iat
through that gathering, Norwawi t h onl y 1. 6 % o f hadwoealnd§8 fvites popu
(37/21) as many medals. Why? Itds not because
GOOGLING reveals that Nara y 6 s-taxaGdDP/eapita income level is almost identical to the
USAé6%45, 348 vs $45,648. The real reason is the
themselves in a way that benefits them rather than powerful special interests including overly
entrencheduopolisticpolitical parties their tax dollars support them, not serve special

interestslts policies have generated a much more equitable distribution of wealth/GBé& top
bottom than the USA has (itodos got;itwvnedoa few po
service providers candét force anyone into ban
are much better than the USAO0s; its federal g
student sé6 debt bur deransits citidensdfar indrespaicleapeltharytter s mu s
USAG6s are entitled to (25 days/year Norway Vs
government routi

nely forces its fAessential 0 e
politicians bickerwite ach ot her. Consequentl vy, Norwayos p
freeing them to do whatever theywijishn c 1l udi ng fun things | i ke ski:

Americans can afford. Thargument explains the relative per capita athletic performance of

other nathern European natomsn d Canadaés Ol ympic teams to th
electoratealsod o e s n o6t s eemtopwolciatriec @ Ih alt e @ dhellegHoi pos cCr
whosoever hath, to him shall be given, and he shall have more abundance: bigwehbsoh

not, from him shall be taken away even that hedat Mat t hew, 13:12) .
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~2.1)- if the future were to become both much richer and fairer than it is
now, t od a aldespopulatisnigewtrawouguickly end.

Quality of life vs human fertility

g ] Scandanavia
g3 \
& r USA

2 n =

[&] Iy
1 . 2]
. China Germanv
Q 0.2 0.4 06 08 1

Inequality adjusted human development index

Figure 2 Prosperity vs human reproductive choices (WIKIPEDIA data)

Consequentlpurl e a d e olgettivestiosld bkmeencouragqg the
development ofa genuinely sustainable and mutiore egalitarian
world in which every individual regardless of where they live or who
theyare doesndeed mattérf. Until theyacknowledgehe aboverelated
facts,embrace appropriaggalk, and begin to act accordingly, West
continue tospin our wieelswhile blamng scapegoats

What are those goals?

It is alsono coincidence that Norway and the other Scandinavian countries have since surpassed

the rest of the world in terms of achieving both high living standards fara¥vai people and

embracing those principles that will ensure them for their descerildness c¢c hai r man of t
Bruntland CommissionGro Harlem Brundtland , had served three terms as Prime Minister of

Norway. That/hiscommisson 6 s goal was to unite the worl dboé:
sustainable devel opment goals descmBiuftland i n it
199171 homework problemread it).

L AThe test of our progress is not whether we add more tatthedance of those who have
much; it i s whether we provideFeaoughnf ® Rbo
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Since food represenssn 'y | i v i nngpstfundaamantabieedeadds

its sourcdor humairity is farml a n d | 61 | begin by dé
happening along those linestinh e  waumehtlgndostundeveloped
continentAfrica. A recent Brookings Institute report (McArthur 2013),

poi nt s muwmatterthdwaeffectively other conditions are

remedied, per capita food production in Africa will continue to decrease
unless soil fertility depletiorsieffectively addressedd |t goes on
that a second major problem with theeafs s umed Afri can Al
abundanceo hypot hesicgnvinciagevidense i nc on
that its soils are being simultaneously depleted and eroded by current
agricultual practices including a decline fallowing. While some
African | eaders along with the man
international agribusiness concerns seem to feel that Africa still has
plentyofyetundevel oped arabl e | apeaple many
(mostly subsistence farmers) canot
and thereby recovesome families live 00.36 ha (0.9 US acre) farms

yielding under 1 of grain/ha(t=tonne=10° kg=10" grams

ha=hectare=10 m?’=2.59 US acreyvhile thefirstwo r | dés f ar mer
routinely produce 3 to12 t/ha of whatever cash crop they chose to plant

on several order of magnitude larger fafms

2I'ncluding its little Adfoabrbny ifna rtnmsed ,U StAhdes aQvoerrn
350 acres and shdand is now worth about $9000/acre
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The key differences between the agricultural practices of developed
nations and most of Africads inclu

ADevelopel nations heavily fertilize their croplandsno st o f Af r i
farmers canodot afford artificial fe
manures or crop residues they can gather to cook their food

ADevel oped nationsod far melanslsican af f
most of Africads candét. That i ssue
of Africadéds nominally arable | and
support anything other than skeletal cow or goat grazing.

AMost developedhation farms are both large apmbductive enough to

enable their owners to buy/utilize specialized machinery which renders
their | abor far | ess exhausting an
poorest farmers still work themselves to death with primitive tools

MDeveloped nation farmersin afford touse hybrid seeds thiaicrease
yields andresisthazards, such as drought, fungus, or microbes.

ADeveloped nation farmersin afford to usadvanced herbicides and
insecticides

ADeveloped nation farmeese supported by adequaterage fadities
and efficient food distribution networks

Chapter 2. Why 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 resoures.

M. King Hubbert
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Those differences simply reflect the relative amounts of raw/primary

energy supporting the lifestyles of rich vs. poor people, whichosiil

down to their relative per capita
going to besupportingmost of mycontentionswith the results oball

par k cal cul at i o n satabld centainiag narty afthe t h i
numbers/terms that will be used throughout complete with their units
(for brevityobs s asloaofmastothislbbeeo K @savi n
examplecalculations)

Tablelfi Sp e c i a | galongy with theirrunits

3.15E+7 = number of seconds per year [3600*24*365]

24 = 24 hr/day (8760 hr/year)

365 = 365 days/year =365 days/a

3.2E11 (erergy) = # of Joules generated by the fission of a single acti
atom (adbs 200 million el ec

6.023E+23 = 6.023E+23 = number of atoms, molecules, etc., per gram nr
of anything

1.6E19 = number of electron volts per Joule (the combuostf a single

carbon atom generates ~ 4.1 electron volts)
Watt (power) (power) =W = energy/second = Joule/s = J/second = J/s =
0.00134 mechanical horsepower

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

GWyear = Giga Wyr = 1E+9*3600*24*365 = 3.15E+16Where

(energy) (x) is either thermal (x=t ) or electrical, x=e(g.,GWe)

Calorie (energy) = 4.19 J = 0.001 kilocalorie =0.001 kcal

(energy)

Acre (area) = 43560 ft= 4049 ri= 0.4049 ha = 0.0015625 mile

BTU (energy) = British ThermalUnit =1055 J (energy required to heat one
pound (454 g of water) tlegree F or 5/9 degree C)

Quad (energy)= one quadrillion BTU = 1.055E+18 J

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

nX = 10%X =nano X,
kX = 10"*X = kilo X
MX = 10"*X = Mega X
GX = 10"%*X= Giga X
TX = 10"%*X=Terra X
EX = 10"%X= Exa X

Onfarm agricultural energy consumption in ri@evelopé) countries
entailstheburningof dieseloil, gasoline, and/or LP gdwy internal
combustiorenginegICSs)plustheuse of electricity made by burning
anotheffossil fuel, usually coalConsumptions considerably higher in
high-GDP countries (around 20GJ/ha) than it is in loueDP countries
(around 11.1 GJ/ ha) and far greate
(Giampietro 2002). For example, mostafubsistence fartnenergy

input consists of human labor which, throughout an 8 hour work day,
average about 75 watts per person (Human Power 2018). If 100% of

such usefulif this casemechanical) energy2.16E+6 J/day

75J/38nhr*3600 s/hij is devoted to cultivating a 0.9 acre (0.36 ha) plot
throughout a 6 month growing season, the-arear ma | iergye d fien
servi ces atisd.e8vGd/hadfi16E+6 H*365days*6/12/2.47
acre/ha/1E+R which is about ten percent of the raw/primary food

energy required to keep each persoiccupiedalive throughoutin
entireyear[2500 kcal/day *365 daygd/aEnery-wi s e t hat 6s nol
efficienti state of the art farm machinery gener&@$80%a j oul e 0 s
worth of wuseful energy from a joul
doesndét consume anything when not

According to a nNnFood aftheUnfedr i cul t u
Nationso (FAO) report (Sims 2011),
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by the worldoés Afood s e‘tdtJoutespera mo un
yeari approximately 20 percent of current total global raw/primary
energy consumption (~5708&J318 TW i and generates over 20

percent of anthropogenic greenhouse gas emissions. Land use changes,
particularly those linked to the deforestation brought about by the
expansion of agricultural lands to raise food crops and biofuels (IPCC
2007) constitutes anwer ~15 percent of anthropogenic GHG emissions.
Only about 5% of that energy, ~6 EJ, directly supportfaom activities

such as cultivating and harvesting crops, pumping water, housing
livestock, heating protected crops, drying and, short term stofage
rest/ majority of the agricultur al
transport, fertilizeand pesticide production, food processing,

packaging, storagend distribution.

All of the worl domvealeédo el @e¢p eldr coB ot Ir
fossif uel ed A Green Revolutti eodha@dy dvhi ch
~7.5billion people to consume as much faototh basic necessities

along with some luxury itenisas they wan(Borlaug 2019)

Approxi mately one half of the worl
starve I f that hadndot happenetd. Ho
and t he 2 (ndustriacaadnnfoumatio@wlutions generated
hugeenvironmental impacts includinge greenhouse gas (GHG)

emissions responsible for global warming/climate change. From 1870 to
the present, fossil fuel burning dumped about 5803834 tonneksC)

into the atmosphere in the form of ~2100 Gt of,Clhat g&

partitioned between the atmosphere, oceans and land, warming all of
themandthereby causing increasingly severe and frequent weather
events including ASuper EI Ni fosbo
drought and biofuel productiedriven food cost estation, air pollution,
deforestation, potable/irrigation water shortages,séeaeline
erosion/flooding, and relentless ¢
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poorer regions. Those effects constitute threat multipliers that aggravate
humanstressor$ poverty, environmental degradation, hunger, political
instability, and social tensiofisand therebyngender mass migrations
plus a great deal of terrorist activity and other forms of violence.

JamesHansegmr obably possesBeduodpke@svor | d
about the causes, effects, and consequences of global warming. Vreey
been summarizeds follows(Hansen 2018)

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

a. Rising atmospheric CQevels, primarilya result of fossil fuel
emissions, have become the predominant cause of continuing
climate change

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

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

a . E @emetgyhidlbmlance is now measured and large. As long
as Earth remains out of energy balance, thenplt will continue to
get hotter.

b. If GHGamounts continue to rise unabated, the energy
imbalance will drive global warming to levels with climate impacts
beyond the pale (see 3)
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3. If high fossil fuel emissions continue unabated, consequences will be
mostly negative for humanity, especially for 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, widr oth
stresses, magommit 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 action® avoid dangerous climate change are guided
by Earthdéds climate history and
energy balance

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

b. Emission reductions must begin promptly, or climatebeill
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 wieéing of the
public, especially young people

a. Action: authorizing, penitting, subsidizing massive fossil fuel
extraction
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b. Inaction: absence of any coherent, effective program to reduce
them

During the ~150 years since we began to power ourselves with fossil

fuels, two world wars and numerous smaller dmag beeroughtover
access to naturalresouréep r i mar i |y fHAl ebensr aumo
energyresources, usually petroleurSome ofthose warsgesulted in the
Christanc ountry fAwinner so crespadallyslg new
rich Islamic Persian Gulf, whiclof course, eventually engendered more
conflict.

Securing those resources has prove
winners. A Princeton University report concluded that simply keeping

the US Navyds fifth fleet within t
cost its taxpayers ~$6.8 trillion 2008 dollars and would probably cost
them another $0.5 trillion during
include the costs of actual conflicts. Since that fleet remains on station,
the total costemnde ol mah enrteaii m i nags pmroe\
reached about $12 trillion. A 2013 Kennedy School of Government
report (Foreignpolicy 2013) concl u
most recent wars in the Middle East and Northern Africa would

probably be $4 trillion and had accounted for roughly 20 percent of its
national debincrease between 2001 and 2012 (modern wars are fought
with borrowed money).

Concerted international effort to

| mpacts began with t hewhldi\ndasy, 1997 K
mostly smallandnot particularly impactful, countries signed up. While

the billions of dollars spent on climate science research since then have
generated thousands of papers/reports and paid for hundreds of other
conferences both large aadhall, neither that science nor the policy
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changes of many countries favoring/subsidizing politically correct
renewabl e energy have had much eff
emissions. As thfirst edition of tis book wadbeing written (December

2018) represent@es from 195 countries dagain gathered (in

Katowice, Poland) fortty ear 6 s Uni ted Nations C
Conference, COP 24 (COPiE€onferencedf the Partieg). This meeting

wasf ocused upon producing rules to
Pais Climate Accord (COP 21), the landmark agreement signed by all

of its attendees except Nicaragua and Syria, to battle climate change and
hopefully, limit global warming to 1.5 degree Celsius, dradf degree

under the 2°C limit set earlier at COP 18e(Copenhageronferencg

Since 2015, the International Pane
leadership has been trying to breathe new life into that accord amid
backsliding from several key nations, most notably the United States

over commitments madewhenh ey signed it. To dat
have not really accomplished much
upon a mechanism ensuring that they honor their commitments with

respect to either GHG emissions or contributions to a $100 billion/a

climate mitigation fund.

The | atest version of the British
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 energyuring the lastew decades. Its principal

conclusion is that humanity is not reaching the goals established by the
Paris Agreementigure3). In 2017, Mankind took a step backwards

with respect to the timid advances made dutimggtwo preceding years:

the use of fossil fuels had growincreasing C@emissions by ~1.6%.
Thattrendcontinuesi anthropogenic C&@emissions rose another 2.7%

in 2018 (Jackson et al, 2018). Worse, most climate models indicate that
by 2100 AD, even itheemissioni c o mmi t ment so0 -Znade® b
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attendees were to be honored, they would likely cause global warming

of between 2.7 and 3.2 degrees Celsius, well above th2 degree

threshold thatmanyo f t h e cliwmatermodkling experts consider a
tippingpointbeyond whi ch Natureds positiv
will render catastrophic impaginevitable (Hanse2008, Hansen 2016).

One such mechanism would be sudden release of the vast amounts of
methanetrappd al ong conti nual shel ves i
h y d r (aki maithane clathrgteéSuch methane is produced when
microorganisms or chemicplrocessebreak down organic matter that

settles to the seafloor, inclimgy dead fish, krill, miscellaneous plankton,

and bacteria. Amethatey dr ad eadcemul ati on can
temperatures are low and pressures high. If part of such a deposit is
exposed to warmer temperatures or a drop in pressure, it can suddenly

turn to gas thereby tremendously expanding its volume which stirs up
everything surrounding it. That in turn increases convective heat transfer

to any nearbymore deeply buriedurroundingiiceo destabilizing it as

well. This constitutes a positive feetiikdriveni c hai n or e c ciho1
may cause sudden release of the en
accumulation. Thatleasean turn further heats the atmosphere some of
which heat will further warm coastal veais containing other methane

ice deposits. This mechanism is probably what set off the Paléocene
Eocene Thermal Maximum (PETIMb5 million years agwhich spiked

global temperatures upwards B85C (far more than that required to
meltboh Gr eenl and and Ant amigseti cads i cC
worldwide sea levels by several hundred metgrs).

233 This mechanism can also work in rever§eh e E o ¢ e n Bvoesnot A2 nodligh years
ago is I|ikely rsabsyfacarstic rhethane fiydrate accandutatjoldss During
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iWe are waking up the methane drag
really wantto keepinthebox Samantha Joye, oce
microbiologist.

Scientists with NASA's Arctic Boreal Vulnerability Experiment

(ABOVE) are using planes equipped with the Airborne Visible Infrared
Imaging Spectrometer (AVIRIENG) to fly over some 30,000 square
kilometers of tle Arctic landscape to detect methane hotspots. They are
finding lots of them(Elder 2020)

Furthermore, dairly recent paper (Yvoiurocher. 2014) indicates that

for each degree that the Earth's temperature rises, the amount of methane
entering its atmogpere from microorganisms dwelling in lake sediment

and freshwater wetlandscurrently the primary sources of that gas

will increase several fold. As temperatures rise, the relative increase of
methane emissions will outpace that of carbon dioxide frarse

S 0 ur c e s also Vakt amoands ®f methane trapped within the
Arcticds currently frozen muskeg,
more southern wetlands and rigelds, is apt to cause runaway global
warming.

that periodt h e at mo s;pohoentrationdrogp€l fivefold and the surface temperature at

theE a r thandaknost landbcked ~4 million knd arctic region dropped by over 20 Centigrade
degrees. Temperatures el sewhere dropped too w
started to develop theWhenAzolla (a very rapid growing surface water plavttich under

the right conditions can double its biomass via within aatawo) dies,it settles to the bottom.
Because t habbttomwateivahaxa cseanuch of that accumul a
therefore gentually turned into a mix of fossil fueiscludingmethane. Since that water was

also coolthose reaction ®rmed methane hydratkepositsvithb i ol ogi cal |y fAseque
atmospheric carbofstein 2006)
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Source: UN IPCC 2018 Emissions Gap
Figure3 Manki ndhéguiC@al ent AEMIi ssions Gapbo

Another ongoingpositive (?) feedback mechaniskikely to generate
ficatastrophiot h e r ma | runeaewaya nice nfeast bedo Su
covered with snow reflect most of teanlight striking them back into

space. When some of that snow/ice maitsre sunlight is absorbed and
subsequently degraded to heaergywhich, of coursetendsto melt

still more snow &iceThat 6s the main reason th
gl ob an ggwirgrommithe Arctic than near the equatbr.

Canadathat mechanism is currently tripling the average warming rate.

The most important thingge must do is taquicklyr e pl ace t oday ¢
fuel basee ner gy system with @maetmo n@H Q
gas emissions) and sufficiently reliable (not intermittent) to power a
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bigger, more interconnected, more prosperous, cleaner, fairer and
happier world thamst he one web6re | i ving iIin t

"To prevent the worst effects of climate change, eeel o reach near
zero emissions on all the things that drivé@e aigriculture, electricity,
manufacturing, transportation, and buildiryby investing in
innovation across all sectors while deploying low cost renewables,"
Nuclear energy is one of these @i technologies. It's ideal for dealing
with climate change, because it is the only carbree, scalable energy
source that's available 24 hours a daBitl Gates

2.1 How much cleansustainable energywill our descendants
need?

Theexcepp nal |y fir4ocfhot He fLSAds e~320 mi
nominallysupported by about 99.5 EJ (98 quads) of raw/primary energy

per annumwhich figure hasremained-oughly constant for ovetwo
decadegLLNL 2018) fnomidd® b e dsxansumerdriven

economy consumemnergy and othaesources fronarea outside of

and greater than h e  Wh8téodnded in such compilations.

AEcol ogi can a lf (dadckeptagel 1996)rovides us with a

more realistic measudt h e U SoAirges..consengption. Table 2

provides tlosefigures for200Q about 41% of the USAC«
emissions were incurred in/by other countries.

é

“ARicho in ter msmosft noaft etriealUSAGsngpseopl e own n
in bigger cars and live in larger houses than do average Europeans.
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Table2 US Greenhouse gas emissions including those originating from
products/services nda 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, ProthiydPackaging and U.S. Greenhouse Gas
Emissions, Athens, GA, Product Policy Institute, September)2009

Currently, all of mankind consumes
power whichworks out toabout 307 watts/person. However, like most

of the things tht determinaur life styles, its distribution is extremely

uneven. Peopliving in Scandinavian countries consume the most

power, about 2500 watts per person, f
~1400 W. However, the majormety of
| ess than 250 W, South Awmde2®W bel o
percapitaOver a billion people now don

all. If mankind is to prosper, clean, affordable and dependable (not
intermittent) power must become availatesveryone and it must be
provided i1 n a waheait poisan thelland, ®rrcltange p o |
the climate.

Anyway,~80 percentof he USAOG S prispnavided byr aw e
fossil fuelstranslaing to a mean per capita raw/pringaenergy
consumption rate (power) of 9860 wd®9.5E+18J3.15E+7320E+4
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or about eighf99.5/3.E+8/570/7.%+9]t i mes t hat of 't he
average person today. Since one | o
energycurrentlyprovides about 0.4 joulesworh of wusef ul ne
servitctkeksesoefficiency of most ef fos

limited) and Europeans apparently live almost as well consuming one

hal f that much raw/ primary energy
supportingtheé i f e styl es of eac-hchpebplet he f
would require ~X W86 0* 0. 5* 0. Pworth ofle®eigy a 2
services (electricity). Consequently, a world with 11.2 billion such
peoplemust possess power plants able to supply an avpager of
abouttwenty twoTWe (terawatt electrical)
[11.2E+9*20008.15E+71E+12/317E+7 = 22.4. Finally, assuming

t hat each individual abeupd¥%mgbes pe ak
than its average and that no wewtble, zerel os s, 0 ®xXisfser gr |
our descendants would need ~30,0@20.4*1.4*1012/1090ne GWe

power plants to live that well.

That power could not be generated with fossildbelcause even if there

were enough ahem( t h e r*% buinimquitowbuld have catastrophic
consequences. Fexample, the raw/primary (heat) energy represented

by the worl ddés remai nirasegvesl8/39 Dbi | |

SWeoftens ee headl i nes a nthedSAhas 7rta tribrhbarrelg of oil i k e | A
whichis apparentlyneant to reassutest hat t her eds nothing to worry
2012).However, f we bother taead beyondhose headlines we discover that such oil is very

Ati ghto and woul dexgemssiedoxdcover;mednigg thdtipérfapsonel t

trillion barrels of it would be recoverable witho d drackingt e c hnol ogi es. Howeve
next assuraegdg rtehsasti vwei tuhsefi of new fracking techn
floodingg and/ or o6 waper 6% d iondghtrbgrécovered. One trillion

barrels of oil represents about 610 Exa Joules worth of raw heat energy which is equivalent to
aboutone year 6s wort h oafrichétand kmoreedditaridruu rum erdts,, rn ott e
energy demand
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trillion m® of natural gas, and 1.707 trillion barrels of petroleum, (BP
2017) i1s about 5. 0E+22 J 0 seffimienti ¢ h,
power plants, could generate 22 TWe for 29 yeaf36% of acurrent

first-world human life span. Additionally, those reserves collectively

contain about 1200 Gt of carbon which, if converted tg @@ dumped

into the atmosphere walibush global warming well past any of the
fitippingpoins 8 uggest ed by the worl®és cl i

Il n order to more clearly see what
necessary to consider@aertime scale than that which we humans
custonarily do. Figure3 was excerpted frorapaper written/delivered

by theoneofthegpet r ol eum i ndustryodos@ndost i
eventually,most influentialgadfly), Professor M. King Hubbertsixty
fouryears agoHlubbert 1956 | 't depi ct s Manki ndos
consumption extending from the dawn of recorded history 5000 years

ago to 5000 years in the future assugrthatpopulation eventually

stabilizes and we close to replace finite fosdilelswith a sustainable
(breedereactorbased) nuclear fuel cycle befarar civilization

coll apses. To ohswhasimnesoalthe discoverg r t A
exploitation, and exhaustion of th
ephemeral evento

6 Dr. ChrisTurney slce,Mud, andBloodd (Turney 2008) isthebestr i t t en book | 6V «
yet about how Mot her dNatmeeldani smeadcgulidi @n:
Wa mi ngo into NGl obal Catastropheo.
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Figure 4: Mankindds | ong term energy consumption (
To put this into propeyearpnelinepecti v

represents only about 5% of the time that modern humans (Homo
sapiens) have existed.

41 years ago, scientists from 50 diéiat countries met at the First

World Climate Conference (Geneva 1979) #mehconcluded that

alarming trends in botGnvironmentathangs and demographics made

it urgently necessary toegin action Since then, similar alarms have

been raised through ti®92 Rio Summit, the 1997 Kyoto Protocol, and
the 2015 Paris Agreement, as well as scores of other global assemblies
where scientisteaverepeatedlyaised warningghat insufficient

concrete progress was being made. However, greenhouse gas (GHG)
emissims are still rising, with increasingly damaging effects on the
Earth's weather and climaterofoundly troubling signsince 1979
includelargeincreases imumanpopulations, per capita meatd
livestockproduction, world gross domestic product, glolbbaétcover
loss,soil pollution/desertificationfossil fuel consumption, the number

of ailine passengerandautomobiles andbothtotal and per capita
GHGemissions |t 6s ti me t aseispues dnedgettost udy i
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with the job ofdevising and themmplementing gractical solution to
all of those problems notmorefi a | | of muddleng aboveo

Unfortunately becausé¢ h e wtopmbsttiécision makers haveeen

kicking thedsustainableuclead canon down the road for far too long

we 601 | cbhndanuestosdelq extret, andburn fossil fuels throughout
muchof the resof this century. Of them, natural gas represents the
bestchoicebecause its relatively clean burning (little smoke)enerates

only about one half as much @@oule as coabndis 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 19viltion cubic meters, and resourééwere 643 trillion

cubic meters (BGR 2017, Table¥5). The 197 trillion cubic meters of
gasthat we know for suf®) could be recovered with current
technologiegireserveg) represents 7.23E+21 Joules of heat energy

whi ch could produce about one half
worth of 22 TW electrical power equates to 6.94E+2@n&aning that

t he wtotaldas réserves could power 11.2 billionEWergyrich

people for 5.2 yeanshile its burningkickedt he at mos;,pher eds
concentration upnother~50ppm

Because the halife of CO, alreadyin the atmosphere is about a half
century (Moore and Braswell 1994), achieving the goals of the Paris
climate accord (limiting maximum temperature rise to°Chat this late

2"Resources" is defineas 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 fututéworld natural gas 2018)
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point in time would require an almost immediate switch to clean (no
GHG emissions see Fig. 2energy sourcegslusenough carbon dioxide
removal(CDR) of that alreadyn the atmosphere to reduce its
concentrationt@a N s~850mpm by volume (Hanse2008).
Consequently, some of th IC G tnore optimistic posEOP 20
scenarios/reports s s u me -energytwithicaribooapture and
storage BECS) represents the magic bullet that could

(1) Portfolio - RCP2.6 (2) Incr Ambition - RCP1.9 [ (3) Only BECCS - RCP1 89

Emission Type
CO. Land
CH4 Land

Bl N:O Land

(4) Early CDR ~ RCP1.9 (5) Low resid emis - RCP1.9 || (8) Low Energy - RCP1.8 Ml seccs

Net Emissions
— Land+BECCS
== Land only

]

e e} L.
g 8 B E 88 8 8 § 88 8 B E B
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o~

GtCO; eqyr

Figure 5 ://www.ipcc.ch/srccl/chapter/chapter2/2-6-climate-consequencesf-response
options/2-6-2-integrated-pathways-for -climate-changemitigation/figure -2-27/
simultaneoushaddress h e f gidbal waendng and energy supply
conundrursin a politically correct (no nuclear) fashion (Martin 2016).

All such scenarios are unrealistic because raising sufficient switch grass,
palm oil, wood, etcto power 11 billion peoplevould requirevast

amounts of land, wateandfertilizer which nostof them(especially the
hungrier ones) would consider bettéilized if applied to producing
something other than fuel. It is also unrealistic because carbon capture
and sequestratn (CCS) isintrinsically both difficult and expensive

which is why after several decades and many billions of deNargh of
Astudyo and Ademonstrationso,, onl

Is currently sananaged (CCS 201&inally, BECCSbased nAnsave
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worl do scliemnlgir mpes arel e because t he
exampl e, burning 100% of the worl d
Gt, see Statista 2017) plus fAbone
2018) harvestsiicl eano (CCS equipped) 40%
heatto-electricity power plants would generate useful energy services
(electricity) equivalent to the output of ~935one QWA f u | | sized
nuclear reactors T h a +380%0f the musnber required to reardl1.2

billion peopleonéh al f as ener gyitizensacemowas t he
Any backup system fauchlow ficapacity facta¥*® energy sources
(biofuels,solar, and wind) must be able to satisfy most, not 3%, of total
demand. Furthermore, the carbon (akdb8tGt) in that much biofuel

(primarily carbohydraté  (,Q)kiheat of combustion 17.4E+3 J/g)
represents only about 0. 3% of mank
emissions to datevhich means that even if 100% of the 4O

represents weretobecapt ed and sequensakeenuahd, it
difference

Of all of the biofuel sourcegalmoil has engenderdtiegreatestevel

of deforestation, with 45% expansion between 2008 and 2015 in high
carbon stock aredsatural forests)Palm plantations haveaused huge
deforestation in Soutkast Asia, and tit problem is compounded by

the draining of the peat bogs amalsuingGHG emissionsvhensuch

land is drained and cleargdi T h e p r o0 belvea ifbiofuedswduld a t

HCapacity factoro (CF) is the average amount
by that sour ce 0 si theamoomof gnérgy it eould paopide if alwaysaunning

full-out (e.g., for solar panels, if tisen were directly overhead & the sky cleiuee 100% of the

time - for biofuels, if such crops grew throughout the entire year). -Bimeer aged CFOs f «
renewables are always well under 1.0 & usually vary substantially from season to season.

Published € figures for renewable energy sources usually tacitly assume yearly averages.
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betargeted, the worldrould still remainaddicted to palm oil for food
cosmetics,and household producssich asdetergentset ¢ . 0 .

Theanswest o t hi s book6ssnimberd8OW& r k pr obl
demonstratgust howterribly inefficientt he USAOofuElav or i t e
productionsystemis at convertingsunlightto electricity.

Consequently, becauge coul d not achieve eith
and would surely compete with food, fiber, and construetype wood
production, all rosyprimarily BECCSbased scenarios are hopelessly
unrealisticand therefore dooti d e s er ve f(acorclasem st ud
common to the majority of reports &most evenscientific field™).

Additionally, because growinigiofuelsremoves inorganic nutrients and

soil organiccarbof A humus a)ds | usiveteehmaogyh er e x
that would further degrade the environment while compromising food
production (Lal2008).

For the most part, scientists are paid to fis"
i mportant, theyo6re often pai d calwottdhnicdlye.gi ssues
the disposition of fspento nuclear fuel assem
were to actually commit to looking inthisboold s agr i cul tural suggesti ol

powdered basalt for artificial fertikzs) there would be lots of opportunities for their scientist

employees to study/determine how it might best be implemented. For instance, would heat

treatment (a properly implemented nuclear renaissance would rendéygesanergy dirt

cheap) somewheuring the powdema ki ng process make it fAweat he
works with clays because most of them are hydroxylaaving out that water really breaks

6em up. I t  mi g ki who knewsp Anethetr thing Wwaoatts l@okirg intb is @her
adding nitrogen to that powder (either as oOnu
be worthwhil e. Doing so would make it a more
weather more quicklywh o knows ? Woul dndtddosuchworgk? ni ce t o be
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The downsides of biofuels were best summed up a decade &fprioy
GiampietroandKozo Mayumd s b oTbekBjofuel BelusianThe
Fallacy of Largescale Agrebiofuel Production o

In my opinion, the most useful outcome of the climate science research
performed to date is that global warmizgd oceait
acidification/warming/pollution havieeenabsolutelyproven to be man
causedHanser2008)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 wh readily available computerized
spreadsheetendergst easyfor anyone to evaluate any proposal

described in a properly written/edited paper and thereby demide
themselvesvhether or notitis reasonable. havendét yet see
politically correct pee-reviewed geoengineering proposehpable of
passingsuch muster

For example, GOOGLEiIing noceanic ac
severafine-soundingelectrochemicabasedemediatiorschemes

published in peer reviewed journals aubsequentlyn press
releasefAPPENDIX XX presents a workedut example of how

atmospheric C@influences oceanic acidificationA typical proposal

invokes giant chlealkdi cells which would electrolyze aqueous
solutions of pur e Nac@nponentsavouldiplagl s e
up such cells) to generate sodium hydroxide that would then either be
dumped directly into the ocean to counteract Eayendered

acidification or utilized in gas/liquid contactors to sciufsom the

atmosphere House 2007 see eactions below). The simultaneously
produced hydrogen and chlorigasesvould be recombined by fuel
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cells to recover some of the electrical energy required by the-alkialr
cells

Electrolysis: 2NaCl+2b0 Y 2 Na QHH,+ CI

Air scrubbing: NaOH +wr+ CQi n ai r ¥ ag NaHCO

Energy recoveryH,+Cl, (fuelcel) Y 2 HCI| -lfased elemtroyie)t e r
HCl,#+Mg/Cac ont ai ni ng r o ¢+#MgPle wcksludgeY Ca Cl

The fuel cell sdéd product, Hd&lized ( a st
via reaction with powdered mafic (basic) rock (e.g., basaljiant
Apressur e c ook engaswastetstnean corbpyisedjoé n e r a t
decomposed rock (mostly silica) slurriag with a
magnesium/calcium/iron/etc., chloridalt brine Of the numerous

it echni cal | Ssues o |lwilgustsdsadisdiiely s uch g
electricalenergydemand While this particular example was
characteri zed as nenealkgleelsreqaidlel v f e
about 3.9 volts to agrate at a reasonably productive rat®.5 A/cnf)

and real H/CI, 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

[1 equivalent*(3.91) volts * 96,500 coulombs/equivalent)*1J/(or
volt*coulomb)]. Producing sufficient sodium hydroxide to deal with the
amount of anthropogenic G@hatsome of IPCCO s a nappargnsiyt s
assumd could/would be sequestered via BECS$cai 2050

(~10Gt/yeal 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 (W8atty3600 s/hr/24 hr/day/365
day/year/0.95] fubsized (~1 GWO0.95capacity factor (CF) nuclear
reactors, ~4.5 million 1.5 MWated 30% CF, wind turbines, or ~21

billion, 1 kW-rated, 10 % CF solar panels would be required.
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Such schemes could not be powered with fossil feigher For

example, since the heat ofrabustion of average US coal is about

24,000 J/g and burning one gram of it generates about 2.7 grams,of CO
generating sufficient electricity to implemeaht abovelescribed

scenariowith 50% thermato-electricity efficientcoal firedpower plants
wouldgener at e about ,i¥2Z0 ntdte thanftheifnpoveew o C
could sequester in that fashion.

Another weltpublicized electrochemicakvethe-world scheme

invoked scrubbingntrinsically acidic CQ from the atmosphere with a
strongly basic-750°C LpCO4/Li,O molten salelectrolyte/adsorbent
from which that carbon would be then electropladet!sequestered in
the form of graphitéLicht 2009) Since both the electricity required to
reduce carbonabesarbon tographite and the heat needed to keep the

electrolyte molten is toswWag provid
eminently politically correct and therefore received a great deal of
favorabl e menti on. Unf ortunately,

chemical process to end anthropogenic global warmiflg s equestr e
mechanism requires four times as many electrons per carbon atom as

does that of the aboxescribed electrochemical proposal; and 2)
scrubbing air with a molten salt w
temperatur®, its taal energy requirement would be ~four times higher

if 90% of its process heat requirement could be recovered/recycled via

%The heat capacity of air isl.05 J/g/degreeConsequently, thgcrubbingof 10 Gtof CO, from

400 ppmv aimwithin one year would requir@eating ~1.37E+12 tonnes oit from ambientto

~750°C requiring~1.05E+21 J of energy whidigure corresponds to tifell-time output of

33,300 one G\Whnuclea (or methane or coal or wood chip or switch gifiesl) power plants. If
wewanttoremove CO r om t he at mospher e, we canodt inv
cooling, comprssing , or expandingit they are all too expensive
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heat exchangers and 19 times greater if it could not. If powered by the
wind rather than solar towers, the latter figure correspomd-89
million 1.5 MW, 30% CF wind turbine&".

Schemes like tts€“donotd e s er ve i fregartldseofwhe t udy ¢
proposes them or how many warm and fuaanewablé buttons they
push

The most alarming thing about how things have been geitently(see

the Fourth National Climate AssessmeNCA4 2018) is thabur

civilization remains absolutely dependent upon resources that will

inevitably become prohibitively expensive when most of the cheap/eas
to-access coal, oil, and natural gasdlbeen cosumedwhich situation

I's |Ili kely to occur well before 210
makers have already devel oped/ i mpl
reliable (not intermittent), and affordable alternative by then, civilization

IS apt to collapseheralding the onset of a dark ages akin to that depicted

in Mad Max movies.

31 Comparisons like these based upon yeavigraged energy source CFs (productivity) favor

wind and solar power (arendt fAconservativeo)
the year. For itance, in Eastern Idaho, weeldyeraged PV (photovoltaic) CFs are about five

ti mes higher in July t hawdeJmdturline gEsvary®yami | ar | y
factor of about two from season to season.

(https://en.wikipedia.org/wiki/Wind_power in Idgha The maj ority of today
industries require reliable power which means that both power source & storage decision making
should be based upon relatively short term yeatrly-averaged, CFs (see homework problems

40-42).

Al t hough 1 6ve built, per fypereetrdchemial techniggds t | o
& found some to be wuseful, | dondt feel t hat
and c@per production is an exception). Reaction rates are almost always severely surface area
constrained & therebdbs usually much more power
want to do.
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https://en.wikipedia.org/wiki/Wind_power_in_Idaho

22T hi s hechmdtogicalfixd specifics

Let 6 s dharebdal pankecalculationto demonstrate howhe
realization oWeinbergan d Goel | er 6 s vmasyofon coul
Af ri cads ( aanargyrelétesissues.r | d 0 s )

First, le t rhake somenoreil r e a s cassanptioasbo begin with

|l 6m (reluctantly) going to assume
forwh at 0 scondnpettobteo t he wor | dos Afficagt n e«
T about 4.5 billionby 2100AD1 turns out to be right.

Next, sinceone of mygoak is todemonstratevhat a nuclear renaissance
should be able to accomplish with respect to assétihgr i (andafss

thered ofthe futurewor | dés) food security, I
part of the useful energy (electricity)would provide is devoted to

doing saoi in other words, nuclear powed machineryvould provide

the water, fertilizerand soHbuilding mineralsrequired to render

African agriculture sustainable

(@)}

Finall vy, | 6 m g oi n futuredeciserssakensalong h a t
with who/whatever else chooses to help/engiendecide that its

citizens should enjoy theamdiving standard e do averag&U
citizenstoday”.

2.2.1 Which food crops should our descendants raise and how

much land would it take ?

A recently leaked draft ofraupcomingintergovernmental Panel on
Climate Change (| PCyuesschedutegtolbet ab o

3 fiThe test of our progress is not whether we add moteetalbundance of those who have
much; it is whether we provide enough for those who have toclftlanklin D. Roosevelt
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reeased i n September 2019, i ndi cat e
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 managefand(Guardian 201p iWe

now expl oit 72 Yeeoslirfade loéeedpdiothenamd 0 s 1 C
support our population, t hat report warns. Cu
forestry and other land usproduce almost a quarter of greenhouse gas
emissions.

Additionally, about half of all methane emissidpsur at mos pher €
second most potent greenhouse) gasne from cattle and rice fields

along withdeforestation and peat land removidie impact othe Green

Re v o | ueherggntedss/e agricultual practiceenablingt he wor | d«
humanpopulation to soar hageatly accelerated ineased soil erosion

and seriously reduced the amountaluableorganic materialhumus)

int he wswils.| d o0 s

According to t he thisBitD&iéns apetobegeting s ( 2
worse iClimate change exacerbates land degradation through

increased rainfall intensity, flooding, drought frequency and severity,

heat stress, wind, sdavel rise and wave actionThat2019report is a

pretty bleak analysis of the dangers aheadcamnaes at a time when

rising greenhouse gas emissions have nasteofnews by triggering

severe meteorological eversisch as

A Ar c t-icecovaragareached near record lows during July
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A  The heat waves thatmanth wére betvesEll5C andl8C dur i |
higher than they would have been if we Imatdused the atmosphere as a
Arepositoryo for our gaseous carbon el
A Wide spread burn of theflAmadon raibferést’r e c e n t
and é

A Mean gl obsal.2CQabomspreindastrial levels

The lastpointis particularly alarming becausbouta decade agahe

same experteadconcluded that a temperature rise exceeding 1.5C risks
triggering climatic destabilization while anything higher than 2.0 C
renders it almst certain. Bob Ward, policy director at the Grantham
Research Institute on Climate Change and the Environment concludes

t h &Me aré now getting very close to some dangerous tipping points in

*The root cause of the Amazonds fires is anth
That 6s @&alosno tthleg rCead | f orni adés wild fires (e.g.
so destructive. Washington State Universityos

recent California fires that shows that the conditions for such fires arelaregcurrence and

that global warming should if anything, decrease the wind intensity drivings its wildfires

(Cliffmass 2018). The biggest problem peegéemage wise is that they have disregarded well
established information about long standing naturatgsses and built communities in areas that

have often burnedff previously. 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, nomative 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 blowdown powerlines that started those fires had not He@mergized

even though strong winds had been forecast. Preventing disasters like these will require tough
decisions & regulations based upon real data, not just more hand wringing about Global

War mi ng. The University lkehad@ached theashrneds Pr of es
Acontroversial o conclusions over a decade ear
and Californiads fires are i ndmge ceamseonedrer ed mo
warming which increases the amount otevavzapor moved by the prevailing winds from

alreadydry regions to alreadwetones e . g, . from Australia to Afr]
ADIi pole eventso s exacerbate droughts (fires)
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the behaviour of the climake a n d i ik goiog tdbdnvery i
difficult to achieve the cuts needed to prevent it from happening

That IPCC report emphasizes thagticulturalland will have to be

managed more sustainably so that it releases muclslé&ghanit

presenly does Peat lands will have to Imgeservedy halting drainage
schemes; meat consumption will have to be cut to reduce methane
production; and food was{purportedly ~40% in Africa Jhave to be

curtailed. Among the proposals thatreport is a major shift towards
vegetarian and vegam ce tThe:conBumption of healthy and sustainable
diets, such as those based on coarse grains, pulses and vegetables, and
nuts and seeds €& presents major op
gas emissiorts . T $heutdlee big ¢thangein how land § used.
Government al p ol iimprovedacoess o dharkets, | n c |
empowering women farmers, expanding access to agricultural services
and strengthening land tenure security, aady warning systems for

weather, crop yields, and seasonal climatents must also be

established 0

APolitical 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 soilo
Rattan Lal

Withall thisi n mi nd doreaup withestimats of whatmy
exampl® population( A f r futara atizsen$ shouldeatand how much
of its land would be required farovideit.

Since vegetarian diets are much more efficiesburcewise than are
those generally consumégt o d a ydmeoplejbah si mpl i ci ty
| Gaksbime thaty 2100 ADeveryone will be consuming 2500 kcal/day
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(1.05E+7 J), most of whicis provided by two especially productive
crops raised upon the minimum amount of sapable of providing
yields currently achieved in the USA.

A recent paper(lark and Tillmar2017)discussing the amount of land
(m°) requiredto produce protein with different crops, USD@éports
(http://lusda.mannlib.cornell.edu/... ) US crop yields/aanel, candidate
food crop characteristidsted inWIKIPEDIA entries suggest that an
efficient combination would compr. i
exceptionally productive, nutritious, and already widely
produced/consumed/accepted in Africa plus someo$quilse (legume)

to complement its unbalanced mix of amino acids (not enough lysine
Lal 2017). Of the likely pulses, peanuts seem to make the most sense
because t hey G&rogtasie conbiderablywettartcbntain
more fat/oil,also already widely produced/consumed/accepted in Africa,
andalmost equally importantapparentlywould not extract as much
phosphorous and potassium (key macronutrients) from its soil per food
calorie as would the next runnep crop, soybeans.

Assumingzero 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 APPENKXX) will
suggesthat the total amount of land required to feed every African
person circa 2100 AD adds up to 1.36E+8 hedtaa of which

7.54E+7 ha would be devoted to maize and 6.04E+7 ha to peanuts

That combination of foodstuffs would provide evamgavith ~92 grams
of ficompletedo protein per day al on
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peopleneed to first growup and then remain healtty Af ri caods f
would probably also want to (and should) devote perhaps an additional
5-10% of similarly producte/managed land to raising the lower
calorie/protein but tastier fruits, vegetables, and spices that render
vegetarian diets far more palatable than ot t hefi wioc h ad 0 s
people realize. Additionally, A
inhabitants were to decide that chicken should provide 20% of their food
calories (500 kcal/day/persdrabout fourteen timeags much athey

currently consume), similar calculations suggest that roughly 10%

additional land would be required to raise #uklitiond peanuts and
maizerequired bythose birdsas well The substitution athe

purportedlyequally nutritiousdeliciousc r i c ket @A meato ( Va
for chicken would require only about 5% more peanuts/corn/land than

would a strictly vegetarian dietary.

1.36E+8 ha isonly about40% more cropland thathe USA

currently devotes to producing the crops listed in Clark and

Ti Il Il mands pigsp-820 miliom pespleg7/oof the

numberl 6 assumed hereiim Africa circa 2100 AD. Thanks to

artificial fertilizers, improved crop genetics, and pesticides,d a 'y 0 s

first world farmers need68% less land to produce a given quantity

of food than did theimid-20thcentury predecessors utilizing that

eraos mor e nonefad rug arn ioc d Ja&da.dAteamn ng pr

¥0f ¢ our s englsémiquaptitatve thedrizing here because people typically waste
about one third of their food which means that my calculations similarly underestimate the

amounts of land, water, fertilizer et c . needed to fpemdyakscthei r desc
unreasonable to assume that the worl doés agric
el ected representatives to eliminate todayods
subsidies
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of saentistsled by Professor Andrew Balmford of Cambridge

University recently showed that the best way for humanity to preserve

t he wor | dowoulthbheto minimize the ambunt of land

used to serve itswnneeds and thereby allow teetaside

( Aspar i nmakds capdble bf supmpring natural lifeforms;

| .e. ., the set aleadgesernied land[@lalard 6 | an
2011] He adi nggalopingistti «xd day @xtinctiono \
universal adoption of the Roddlen s t anda nendbsr obther

groupsenergy intensiv@ r e g e n @ g @ ffarnsimy, notthe

much lessfficienttraditional i o r g &amming 0

A FAO estimate FAO 2002 o f t h e amamaged watedamd i

land development in Africa totals soti26 million ha, equivalent to

only 8 percent of its arable land. Since Africads to
30.3 million knf, this suggests that 1.58E+8 ha [E26 knT/100

haknf/ 0. 08 or 5.2%] of it is conside
estimate of thablutetotal area required to feed its 4.5 billion

future inhabitants1l(36E+8 ha) represents onB7% of that figure,

hopefully, they will choose to continue to share some of their

c o nt i n eusefubland veith its Icdnic suite of wild animals.

2.2.2 The whys and costs ofdesalination

Like wind and solar power, ater is a renewable resour®aracterized

by highly variable andimited i ¢ a p a. Rainfaly; teniperature,

evaporation, and runoff determiitie totalavailability and human
decisiongdetermine who gets whalNearly every country in the world
experiening water shortages durirgart oftheyear, and> 80 of them

suffer from serious shortagddo st of t he worl|l doés 37
bei ng fmi ne adassohratural eeplemnishement arel some are

are near exhaustiolean water resources per capita are declining
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rapidly ashuman population increasaaore 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, plushabituallyinefficient use of water, contribute to the

decline in water resourcesllocation ofincreasgly scarce fresh water
generates conflictsetween and within countriése . g. , t he nATr
Springdd, )industries, and individual communitiesth the majority
everywherdébeingconsumed byagriculture Water shortagearealso

severely reduag biodiversityin aquatic and terrestrial ecosystems
(Pimentel et al. 1997)

Af r iaotieigated4.5billion (?)f ut ur e i nhabitants w
feed themselvewsith ~60% or evenall of its arable land unless they

become able to irrigate’t Because irrigated land almost always

produces higher yields than do rain fed farmsaesdpermits double

and sometimes even triple cropping in warmer regions, such lands

provide around 40% percent of global cereal supply (FAO 2011a).
Currenttyonl v ~4% percent of Africads ci
prohibitive costs, insufficient water, andyaneral lack of commitment

to infrastructurerelated investment in things like power plaatglthe

fuel needed to operate themoodmsse
cornucopiarfuturewould be implemented by eithére African people
themselves iothe institutionddusinessepeople that have provided most

of their *Athd vdedv e@ro, dlae teil somghovet end t |
happen.

% |rrigation is one of the&ky aspects of Professor Bourlagds

37 It really just boils down to human nature. Rich people usually hatgeof optionsand choose
the cheapestay to solveheir problens whereas poor people withooptions have to live with
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Pumping water onto approximately 1
land (around 300 Mha) currently consumes arau@@5 EJ/yr. Another

0.05 EJ/yr of indirect energy is devoted to the manufacture and delivery

of irrigation equipment (Smil 2008). Around twiirds of the water

currently used for irrigation is drawn from underground aquifers. Energy
intensive electricitypowered deep well pumping accounts for about
two-thirds of that and projections suggest that it will become ~90% by

2050 when shallow reserves are almost totally depleted. Current aquifer
water extraction rates exceed recharge fiag®ssly so in manylaces.
Additionally, global warming is simultaneously exacerbating droughts

and melting the glaciers that feed the rs@toviding much of the

wo r | d o-w-dativieraragption water. Global warming has caused
Mount Kili manj ar o0 ©ongfivéehmosives thosd o di s
within the USAOGs Gl acier National
solvesuchproblems becaustamsdo not createwater. Additionally, a
comprehensive r evifendeddamprbiegcger i ads
(Tomlinson 2018) concluded that waithey do make money for local
promoters and the outsiders that fund/support them, they decrease net
agricultural productivity by turningncefertile downstream flooglains

into deserts. In addition to killing wetlasstependent wildlifé®, those

their problemseven ifdoing so will prematurelkill them (who cares? most poor people livi@n

€t hol e @aonudntarrieensdt t h e Building Bnbugltdedalmatidaailities and y ) .
therpower pl ants t o 0 spewd costseheedbhwanrdlrdeéds bgddri ome 8
pretty darn unli kel y t hatecdnamicaysténssillgverndd ur e cap
anything that damgtsméitr Quarfame aondaleimeo return

% Dams havelmost totallydestoyed salmonrums hr oughout most of the fic
including, of course, my current home state of Idaho. Its trout streams have been similarly

impacted bybothtoo-warm water andhe myriad tiny dams and extra diversions built to take

advantage athe fact that low head hydropower is heavily subsidized. Other things that have

served to devastate its trout fishing include the now almost universal ngerototinoid
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dams haveerved to lower not raise, the incomes of far more people

than have benefitted. Most such daasisod on 6t gener at e ne
much el ectrical p to both inadagsiaten pr o mi s ed
maintenance and low (watemited) capacity factors. Finally, at best

dams represent a temporary fix for the problems that theyudlteo

address because their reservaiiié eventually fill with mud.

Water shortages plus tlcerrent ost of desalinatioin primarily due to

high energycostsi has £d some countries rich enough to do so (e.g.,
China) to reduce their own crop production and rely more heavily upon
imported grainsAs of 2011, China was both the world's largest
producer and consumer of agricultural produdswever, some
agriculturalexperts are predicting that its agricultucaitputwill shrink

by 14% to 23% by 2050 due to water shortages and other impfacts
climate changesince2000 the depletion afs mainaquifers has led to

an overall decrease in grain production, turning Cimt@aa net

importer. This trend is expected to accelerate as water shewagsen.
Despite its potential, desalination finds few customers because it is still
cheaper to oveutilize rivers, lakes and aquifers, even as theywarg
muchdepleted (Watt 2011)

This situation is unsustainable which means tédt | next assum
aboutonehalbf t he water i1rrigat@ag AfTr.
much of t he rteoswoulddbé geherated by desalindtidgs
seawatei theE a r torilydrgly inexhaustible/sustainable water source.

Wi ki pedi abs description of 1|1srael d

pesticidegMason 2013) and refusal to enforce a law requiring irrigation cangb@oies to
screen their headgates (Barker 2015).
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2018), demonstrates how a properly managgedtt el at i vel y Ar i
futurecould addresgs waterw o e s . | srael 6s ~8. 5 mi
by ~1045E+9 ni of fresh water applied to its mostiyrigated farmland

(Jewish 2016). This suggests that the rest of the even more water
stressed Mi deoboe~1H andlionGPeopleniactudirig yhe
majority of those living in Palestine, Iraq, Jordaebanon, 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 mof desalinated seawater. Assuming the ~3kWh/m
energy requirement stljpépdar @pprdadh)to of t o
desalinationreverse osmosis (RO), doing so would require an energy

input of 1.34E+17 joules/a, which corresponds to thetiimé output of

~4.2 oneGW, nuclear reactors The volume of water corresponding to

addi ng 0. 51 me tl88E+8Ha2oDAdriran fadmlandis ov er
7.01E+11 n?, which, if generated via RO, would require the-firthe

output of 240full-sized nuclear reactorg.61E+18 &/a). In principle

at |l east, Si e mmaseddednatibnetachinolagy wbulda | y s i
require only about onkalf that number of reactors and is also less apt to
become foul ed #hansaltengpurites @lussam & ot her
Abolaban 2014).

To continue, Africabds averealge el ev
abowe sea level, roughly the same as that of both North and South

¥ I'n many cases itds apt to be sensible to int

(MSF) distillation) with RO (AlMutaz 2003). The reason for this is that any sort of-teeat
electricityconversion system that the reactor 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 t h&ybridcROMSFAnt <coul d
desalinatiorwould combine the high desalting performance of distillatioth the lower total

energy requirement of membrabasedprocesses.
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America. Assuming that al/l of Afri
would have to be pumped uphill that far, the energy needed to do so

would be4.12E+18 jouled7.07E+11nT*1000 kg/n™* 600 m*9.8m/g

requiring anothet31full-sized power plants.

How much woul d A eguipneeat 6ost? Tthe oraractual a t |

cost of the worldés (Saudiday)yROabi ab
based desalination plant is $1.89 billi@esalination 2018).

Collectively, these numbers suggest that building enough RO plants to

i rrigate Africads fut utimecap@lr ml ands
expenditure of $.63trillion] 7 underl5% of t he USAGs <cur
debt. Similarly addressig Cal i f orni aés Central \
irrigation water problems should cost only about $40 billion.

Asmenti oned earl i er, Mdde Eastanditarg r n  Wc
incursions will probably end up costing dizens~thirty times more

($4-6 trillion) than it would tdhavebuilt enough nuclear powered
desalinatiorplants to provide sufficient fresh water for everyone living

there and thereby address a root caugkenfalmost perpetualirmoil.

For example a recent paper ithe Proceedings of the (US) National

Academy of Sciences (Kelly et al, 2014 ) points out that the chief driver

fort oday 6s S ydraspaas the unmedt/povedytgenerated by
relentles worsening droughtsand amined-out aquifer notthedesie

for Aregi me changeo.

Another plus for desalinatias that its product does not add additional

salts to soil ands also better at remediating already egatinized soils

than i s ground water. A dlreadyal pl us
contain neaequilibrium levels of calcium, magnesium,
carbonate/bicarbonate, silica, etc., it is a better rock solvent (more
corrosive) than is ground water. The next sectionnailealwhy thatis
important.
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2.2.3 Fertilizers

Anotherreasorthatt he producti vity of Africa
considerablyower (typically~ one thirdthan that of more developed

regions is that relatively little fertilizas used. The three most important
components of fertilizers (macronutrienitsg¢lude nitrogen in either its

negative three (ammontigipe) or positive five (nitratéype) oxidation

states, potassium (invariably in its plus one oxidation state), and
phosphorous (invariably in its plus five oxidation state). Nitrogen

fertilizer prodwction currently accounts for about one half of the fossil

fuel (mostly natural gas) used in primary food production.

2.3.3.1Nitrogen and the cost of fixing enough of it

We 6 | | start with nitrogentha(208 f ar m
bu/acre) ofmaize €orngrain) are 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 fertilizeould be needed for its cultivation

| et 6s say 50 thape aNplidateon rates sfestilizing n g
Africads future cro%¥ tohnesotlammanial d r e
each year (one kg Ahupatodatedtiinatk g of a
(Thyssenkrupps 2019) of energy costeicludes that each tonne of

ammonia made with ettrochemicallygenerated hydrogen, pressure
swing-generated atmospheric nitrogen, and conventional Haber Bosch
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processing equipment would require abdaMIWh G 19*3.6E+9 ]
worth of electricity’. That, in turn, suggests that satisfythgs

S ¢ e n aitragendus fertilizer requirement would require the-futte
output of 29 oneGWe power plants.

Uni versal adoption of the Rodal eds
f ar mfsee geation 3.1yould greatlylessen h e wivad tdibfsi ci a
nitrogenous ferlizer requirement.

2.3.3.2Thereasonsthat powdered basalt should supply the
necessary phosphorous and potassium
Sincee

TfTMuch of Afrrestd thavo(fdmd st) hde ar ml an
already lost agpatdealof its topsoil via erosin,-
1 Much of its remaining topsoil is minerdepleted
{ Basic (mafic) rockweathering is how Mother Nature limits the
Eart hds at nmeepthateonKigue6CTh e Eart hos
carboncycle commons Wikipedia.coB)v i a Almi matriao n o
1 Basaltic rocks are both intrinsically basic (contain a good deal of
magnesium and calcium) anelativelyrapidly weathered bthe
natural phenomena extant in cultivated soils (Moulton 2000)
fMost of the Earthos a@mgaoddealaons.i
which is either on or close to the surface of its continents
1 Basaltic rocks contain relatively high concentrations of
potassium and phosphorous along withoalihe other
biologically important element3his is whysoils comprised

0 Roughly 50% of all ammonia isurrentlycombined with C@to make urea. That GQs re
emittedto the atmosphere wheretbreais applied to soils.
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primarily of weathered volcanic ash most of which originally
consisted of molten basalte exceptionally productive (Beerling
2018},

éeweol | next assume that the phosph
pr oduc e cirBaf2L00 ADkoodscros will be provided by

amending its farmland with powdered baskitorder to be effective

any such amendment must weather rapidly enough to release sufficient
potassium and phosphorous to support lyiigid

Figure6 The Ear t hayde Ceranons Wikipedia.com)

agriculture which, in turn, means that the @wshedsilicaterock
surfaces must be Afresho (not alre

*1 The use of rock powdefer soil fertilization was initially proposed by Julius Hensel 8§94

i n hi Bredd&ankStoies, where he outlined the benefits
agriculture often now characterized as fAstone meal
decades, the use of stone meal in agricuttasebeen increasirand several studies evaluating

different ways of doing it have been published.
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and thereby coverdalockedwith secondary phases),aynd to a
considerably smaller particle size than is the quarry wgpte soil
amendment rock powder currently being marketed to hobby farmers,
andalsomixed with rootzone topsoil, not just dumped upon the surface

of the ground (Campbell 2009 and Prigpd@ilkes 2004). Based upon

the rather limited amount of scientifically planned/supervised
experimentatiomescribedn theopenaccess (ngbay walled technical

| I t er anextgolg to dssime that this would require grinding it so
that the particlesomprising >80% of it possess diameters <10 microns.
Since rock grinding is highly energy intensivenuch more so than is

simply recovering it from a quarry rock outcrop or waste diirtige

cost estimate for this part of myhatif will be based upontha st e p 6 s
energy demand plus thmesultingp owder 6 s transport ar
costs.

First, how muctpowdered rocknustbe mad@& The food stuff P and K
concentrations, land areas, and crop yield figurdéisarpapers

referenceckarlier suggestthattheéiod consumed each ye
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 usuddppen that neither nutrient

is subsequently oycled back to the sojftompostedight soil®), both

must be replaced each year via basalathering. The compositions of

fl ood basalts vary considerably bu
fairly well mixed underlying magmdé, or t he f ol | owi ng e
going to assume a composition with
and SiemeR019)i that of the basat o mpr i si ng | dahoods
Moono National Monumert ramsd odv dmrdia
Snake River Plain. It contains an average of 0.61 wi@ &nhd 0.55

wt% P,Os which translates to requiring 5.21E+8 tonnes of it per year to
providemy Africans cenar i o6s potassium and 8
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phosphorous. Since phosphortwappens to be the limiting nutrient in
thiscaseatsteadys t at e, we 0 dtormesy8.60H+@/D.TMLG+7/ 8 . 9 5
of powdered basdltia/a.

A review of rock grinding technologies (Jankovic 2003) suggests that
producing one Mg of <10 mion basalpowder would require about

100 kWhoés worth of el e tohnesdfdi ty. | f
would require 3.13E+17 J, which if done throughout one year would

require the fultime output ofl3.9one GWe nuclear reactors.

If that powder were to be transported an average of 1930 km (1200
miles) from mineto-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 6.80HE&SumMes

1.1 Mg/short ton, 33% hedb-mechanical engine efficiency and

445 MJ/kg diesel fuel with a SpG of 0.8%)oublingthat figure to

account for fuel consumed by trucks and tractors at rail heads, brings the
total to 292E+17 joules/awhich correspnds to an annual
transportation/distribution energy deméahdt wouldrequire another© .4
oneGWe nuclear reactors to satisfy.

An application rate of 8.9tonnesgha/a is nofilarged because it

represents only about 0.5% of the mineral matter alredtiyn a six

inch deeptfypical annual cropoot zone) layer of normal
density/compositiomopsoil and also considerably less than what
conventionatillage-basedarming practicesften Icse per yeawia

wind/water erosion (typically30 t/ha/a Pimental 2009

Consequently, sindhiss cenari od6s rock grinding
much lower than its irrigation water and nitrogenous fertilcosts, it

would be a good idea to at least start out with considerably larger
powderedock application rates, perhaps-80tonnegha. Doing so
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would also reduce the charsad cropil s tingd vdue tthmn s| ower
| 6 assumedock weathering rates.

The419 [240+131+29+9.9+8|GWLH6 s wort h of Acl eano
required to implement the agricultuadpects othe abovedescribed

Africans ¢ e n alean/gréemtopianfuture is about the same amount

of power currently g evlarreattescandby al
~three timegreaterthan all of Africa currently producein any fashion
(about650 TWh, see Energy in Africa 2018). However, it represents

only ~4% of the total energy services requiredtbh i s e xX&r ci s e 0
billion EU-rich futureinhabitants

All of the necessarily huge machinery and manufacturing facilities

required to implemertt h i s dv anp Kkh&rdechnological fizapable

of Asaving the worl do woul dfabe muc
efficiently with reliable power than with that provided by intermittent

source¥. While it wowlidliemdeeod rluen fipo
desalinatiofammonia plantsluminumsmeltergsee APPENDIX
XXVII) , rock crushers, tracto(s , locomotives,

etc., with windmills and/or solar panels, doing so would be expensive,
dangerous, and frustmgly unproductive tdoothsuchma c hi ner y 0 s
owneroperators and their customeltswould also require 1/CF times as
much machinery tdo the jobat the same rate that a @A..0, molten

salt reactorNISR)-powered world couldypically ~3 times as much
machineryfor wind and 4 10x as mucHor solarsourcedoower.

Again, intermittent power supplies are suitable for some niche
applicationge.g., chargin@ terrorstd sell phone) not for poweringa

42 see APPENDIX XXII
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technological civilization (Brook 2018)T h at O0ts o dvdaym® s
tractors,Jocomotivescontainer ships, cruise lineiy liners etc.are
fossikfueled not windor solarpowered.

Also againthe abovederivedball parknumbes argustapproximations
because the rate and degree to which powdered basatl release its
constituents (weather) under field conditions is affected by a host of
factors/variables. A nutriergpecific discussion of some of thenay be
found in a FAO report describing the use of raw phosphate rock as
fertilizer (Zapata and Roy 2004). Thankfullyjs sibject is beginning to
receive a good deal of attention (Taylor 2017) and some hopefully
realisticexperimentaktudies have begun (Beerling 2018).

Of course t her e 0 genmmelysastainablei mp |l e me n
agricultuethanjustd o i n g wshggestedo dav Soil conservation
invokesthree guiding principles: don't till the saoilore than absolutely
necesary, keep it covered, and keép crops diverse. Reduced tillage
preserves pathways forged tne roots opreexisting plantsnsectsand
earthwormsThose pativays compriseporosity whichallowsthe ground
to store water for use in dry times and sadalp more effectively during
floods. Cover crops, like alfalfaye, clover, and sorghum, keep the soil
loose after the cash crop has been harvestdduppress weed&/hen
theybecome part of the soil durinig preparation foplantingcrops like
corn, wheat, rice angpeanutsthey increase soil moisture aadhance
yields. Since they kedgpefield's soil covered and preserve its qsity,
cover crops alsceduce its chances of beibipwn away by wind or
carried off bysudderflooding due taheavy ranfall. Planting diversely
prevents the nutrient draotcurringwhen the same croagsegrown
season after season. Rotating through diffgotanitvarieties actsather
like a multivitamin, adding a variety of nutrients to the soil over time.
When necessg, droughtresistant crop&e.g., cowpeas instead of

81



peanutsiould save water and usedatwhich ispresent morefficiently.
Soilswould also beonserved byliversifying portfolics. Farmers might
plant several kinds of crops in one area and keep ¢igksin another so
that extreme weathshiftswould notput their entireenterpriseat risk.

Recyclingconsumed & P back tosuchsoilsin the form of composted
human& domesticated animalaste wouldalsogreatlyreducetheir

powdered rockequiremerd. If all of thesefi g o o d p weaectdbe c e s 0
implemented, high tech/high yield farming wouejuireconsiderably
lessenergythanmy numericexampleshavesuggested

2.3 The reasons why politically correct renewables

AT Ol AT 6@E O GAIOAI A o

Firstdeflienmtebsvhat i rAscordingdolthe diciionang a n s .
renewable electricity is generated by a source that is either naturally
replenished or inexhaustiblelAs t hi's book will firn
civilian nuclear fuel cycle is neither sustaine nor renewable. It will

also prove that one based upon breeder reactors coupled to fuel
cleanuprecycling (aka reprocessing) systems would be renewable.

Assumi ng that RfHAenergy serviceso mea
most of its applications arearly 100% efficient) and that no

worldwide, zero loss (magic) power grid has been built, generating

Af ri cads fsuhtauatabedesqy/poweresupply would require

about 12,000 [30*4.5/11.2*1012/109] fidized (~one GWe)
Arenewabl e orplanisgdneraimg arpaverage ouipoadverof

~9 TW,[4.5E+9*2 kW].

The foll owing exampl eolittcalyoomestt r at e s
renewable energy sources could not meet that demand.
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First, | et 6s see how many otypet oday
solar panels would be required to produce futuifler i cads WoT Wh
of useful energy. At Home Depot (Dec. 2018) one can purchase four,

real state of the art (19% efficient), 265 wadted, 1.61M( 390 by 65
solar panels for $1412. If they veeto be employed in Nigeria, which
purportedly exhibits an average solar irradiance of 5.5 k\&/tay

(Ojuso 1990), each of those panadsild theoreticallygenerate gearly

averaged power of 70.1 Watts [1.61*0.5960*3600/(24*3600) ]

which means thateirannuali capaci ty f ac-sitated ( CF)
would be 26.4% [70.1/265]. That CF is abbuuir times greater than if

the sameanels werdo beinstalled in northern Europe and ~50%
greaterthathatant i ci pated by Sout ha2850ri ca
(Table 3).

Anyway,aCFof264%sggests that powering Af
future citizens with them would require 128 billion [9000E+9/70.1] such
panels costing about $45 trillid@d18dollars. Sincesolarpower is

ineluctably intermittent (umdiable), they would also have to buy enough
batteriegor somethingjo keep things running during the roughly

73.6% [10026.4] of the time that their solar panels would not be

producing much. How many batteries would that be? Assuming that

Af r i c aeGnbabifanis dacrde that they could get by with qunst

d a yworsh of energy storaget hat 6 s n otidespoeads er v at |
cloudy and windless periods often last longer than one day) they would
have to build/buy about 216 bili on k Wh 6 s wapadith of st
[2000 J/s*4.5E+9*3600 s/hr*24 hr/day/3.6 E6 J/kWh = 2.16E+11 kWh],
which, if implemented with Tesla's equally real and stditthe-art 13.5

kWh, ~$7000, lithium ion battergased"Power Wdls", would cost

today' s subsi st emucheord pospereuss 6 hopef
descendants another $100 trillion [$7000/13 kWh*200E+9 kWh/3.6E+6
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J/kWh]2018dollars to purchasthe first time aroundd on 6t f or g e
thatlithium ion batteries only last forfaw years*.

It only takes a fevdaysto weeks for people to starve or freeze to death
which means that decisions based upon yemarbraged renewable
energyresourcadata @nnualCF* nameplate capacityg r e n 0 t
sufficiently conservative.

Forthissorto ppl i cati on Li Il on batteries
At e ¢ hnreasanadneof which has to do with their most expensive
major componengobalt

When a Li ion battery charges/discharghs, cobaltwithin its cathode
shiftsback and forth between its tri and quadrivalent oxidation states.

Since ¢é
fa |ithium i omvelagefllow33 6s voltage

fone equival ent 06s oosuwombsloneof <charg
Faraday), and

1 cobalbs equi val ent tiomesb8Omtamsf or t hi s

éeéone kWhoés worth of storageowoul d

628 grams B.6E+6/96500*58.9/3.5] of cobalt One dayodos w
TW power storage adds up to 1.58E+11 kWh which translates to a
cobalt requirementof. 13 5E+11 kg. Last year 6s (

3 As faras economy of scale is concerned, in 2017 Teslathaeilhenworld's largestitility
backupbattery(129 MWh)in South Australia for $5fillion. Assuming those figures

($387/ kWh) the purchase cost of t hwowdbexampl e
Aonlyo $184 trillion.
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production was about 1.5E+8 kg or
| f 6 s0 r e gthat batergneom@ponehto r

The situation is equally bleakwfe considetheirlithium instead. A

state of the ar@Ah 18650 Ltion batterycontains aboud.6 grams of

lithium

(http://batteryuniversity.com/learn/archive/is_lithium_ion_the_ideal_bajtery
Thatworks out to abot 86 grams of lithiutkWh

[0.6*3.6E+6/(3.5*2*3600)= 85.7]. Scalinghat upto 216billion kWh

translates to 18.5 milliotonnes of lithium about 394y e ar s @f wor t h
t he wor | wtalgrodaction/demand (~47,000 tonnes/y&ar)

Sovacool et @ san 3, 202G ciencgaperays out the near

impossibility of mining enougfitechnical metals tceacha 100%

renewable objectivby 2050 Envision 7100 GW of solar panels! Not
surprisingto meanywaythat pampmémhd®s s dondt ment i
possibility of arenewablenuclear alternative to & customeso

paradigm (Sovacool 2020).

Realworld windmills exhibit similar capacity factors to that
assumeftalculatedabove meaning that if they were to be used instead

of solar panels, a similar amount of enestgrage capacity or some

other sort of Acleano backup power

“4 At the moment, an a#lolid-state battery concept featuring a lithium metal anode appears to
be a andidate for surpassing conventional lithiombattery capabilities (Lee et al 2020). It
features a sulfidebased eletrolyte (e.qg., Li 9.54Si1.74P1.44S11.7CI0. 3) enabled by a silver
sulfide elementalC composite anode with no excess Li that supposedly can prevent Li
dendrite formation and therefore lead to genuinely long electrochemical recyclability (Lee et
al., 2020) . However, it would still suffer from the same component (Li & Co) availability
limitations of its already real liiion battery cousins along with the fact that silver is an even
more precious (rare) metal .
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todayodés primary enabler of todayos
burgeoning wi nd and 9 willpmabablplmewer A
prohibitively expensivdy t hen because all of t|
will have already been discovered/fracked/consumed. Leaving it in the
ground along with most of the worl
an excellenidea because burning them would otherwise add to the

already excessive amounts of anthropogenic greenhouse gases (GHGS)
responsible for climate changeoal as C@and methane both 4s "

and after 1 t0s, been oxidized to CO

The abovederived numbers are actually somewhat optimistic because
Africaisabettes i t e f anost ppolariay @msniewable energy
sources than is astof the alreadydeveloped world. For example, by
2014 European Union countries had
(about 1.4 $trillion) in large scale renewable energy installations

mostly wind turbines and solar panels. That money provided a abmin
nameplate electrical generating capacity of about 216 Gigawatts,
nominally ~22% of total current European energy demand (~1000

Gi gawatts) . Data supplied by Europ
that its total output throughout 2014 averaged 38 Giga\e@t8% of

E u r o queredtslectricitydemandl at a combined mean capacity factor

“>While carbon dioxide is typicallpainted as the bad boy of greenhouse gases, metteme is

initially ~100times more potent he&itapping gasand several percent of thaww beingfracked

leaks directly into the atmosphere (Alvarez 2012y gaseous u b s t a n evsed&obana s s
WarmingPotential (GWP) relative to C@lepends on the timespan over which that potential is
calculated. A short halife gas which is quickly removed from the atmosphere may initially

have a large effect, but over longer time periods, become less importasmt. Time t hane ds GWiI
over 100 years is about 34 but 86 otrex first20yeardf see APPENDI X XX1). Ag
contribution to anthropogenic GHG emissions (~9%) is primarily due to methane (cow

farts/burps, rice fields, etc.), not the &gnitted byfarm madinery engines.
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of ~18%. When adjusted for that f a
wi nd/ sol ar energy i nst-abolitd0timesns wa
that of its conventional ga#ed electricity generation facilities and@

10times greater than GEN Il nuclear power plants.

Since the output of most renewable energy plants depends upon the
season, local weather conditions and what time of day it is, their
contribution to the electricity grid is erratic, intermittent, and-non

d spatchable. This means that they
i td0s needed, thereby rendering the
time. On the other hand, rules mandating use/priority of renewable
electricity cause major grid disruptions when theeitput suddenly rises
because dispatchable thermal (fossil fuel and nuclear) power plants must
thenbe cut backtoazem®f f | ci e nc ysofimtrdandatedy 0 st a't
more politically correct sour¢s) can satisfy demand Consequently,

despite virtuallyzerofuel costsaccording to US ElAenewable energy
installations data can still cost up to 1.3.5 times as much to operate

and maintain as do conventional gas fired power plants.

Thewe s t e r ngowermmehtsl e gotten into the business of
Opiag winnersdé. Unfortunately, | os
governments, and inevitablyas in most such situatioinghe results

end upbeingdetermined byobbying to the general detriment it
residentab nd i ndustrial customers. o

Ourleaders have falieinto the error of thinking of thenatiors as
business. Thatserveslite interests of producers rather thiaose of
consumergcitizens) that theyvere electedo representBusinesses are
command economiasghich is whytheir managergenerally do nb
make good politicians Populations and the nation states they e
createl to represent their common interests\askinary collaborations,
not businesse§o d ay 6 s 1 c | as with angother rpriowsdesa 0
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pretext for the creation of@verly bueaucraticommand economy

t h aaptdofail to addresshatproblem. fwed on 6t pay mor e
to doing things correctly we will not only become economically
uncompetitive, but also, likeost of the other suatonomiesn the

past, (e.g., CubaNorth Korea, and the Soviehnito ) both poor and

Adirtyd “(Ridley 2020).

Chapter3. AOOOOAET AAT A 1T OAT AAO O
00 E Akdler @Qppso

An appropriatelyscaled sustainable nuclear renaissance would enable us
todo ®veralgodt hi ngs t hat woul dnoét be po:

3.1 Atmospheric carbon sequestration

L e t O s thibsalgectianwith anotherspecially reevantball park
calculation:

Wikipediaentriesindicatethatour climatemodelingexperts have
concluded thathe effect of doublingthet mos pher eds CO
concentratiorcorrespondso a forcing factor of-3.7 Watts/m at the
earthés surface

Thereobds also a consensus ©Gt{foaRg) mank
of carbon into the atmosphere since ltleginning of the industrial age
andalsothatdoubling its concentration froits pre industrial age level

(~280 ppm) isaapt to cause a mean global temperature rise of from 1.5 to

“® China has been a mixed, not command, economy since circa f&380res both communistic
and capitalistic elements)
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4.5 Centigradadegrees for the purpose of this examplet &Gay 3
Centgradedegreeatmospheri€€O, doubling. (The dataplotted inFig
7 supports thatigure.)

If we assume that that carbon was all derived from burning petroleum
(CHy),, thatodés about 677 Gt [580*14/ 1

At ~43MJ/kg, the useful heat energy we ggtourning it comes to
~2.84E+22 Joules.

CO2 & Temperature (1964 to 2008)
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Figure 7 Atmospheric CO2 concentration (parts per million by volume, NOAA) and Global
Temperature Anomaly (C GISS) from 1964 to 2008

To d a y4@0sppm atmospheric G@oncentratiorcorrespondso ~46%
of adoublingoft h e w o rindubtoas ~280 ppamlevel.

S nce the Earthods surfthatigerear ea i s
corresponds to aathropogenic carbofglobal warmingheatinputrate
of 7.17E+14W [0.46*3.7*5.2E+14].

The pointof thislittle exercisewasto showthatafossilf u el 60s fi b ad
energyeffects (global warming)ikely exceedi t s Angoodos ener
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(the reasomhatit was urned in the first plagewithin about one year
[8.8FE+14)*3.15E+7 s/8.84E+23 = 0.99. Whats worse ighe fact

thatits badeffects ardikely to continue for ateastanother~50 years
( t hhaf-liféo of CO, in the atmospére).

The energy genatedbuilding and wsingnuclear power plant®leass
relativelylittle GHG/Ji considerablyess hanof eitherwind turbinesor
solar panks (Figure8). Thef u t umoreadrapact &thermallyefficient
reactorsvould generate even less.

Greenhouse Gas Emissions from Electricity Production
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m Direct emissions from
Burning
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Sourze: |AEA 2000

Figure 8 Greenhouse gas emissions of various energy sources @eup-to-date but too
Afuzzyo to reproduce such figure along with i
https://www-pub.iaea.org/MTCD/Publications/PDF/CCNAR2018 web.pdf)

The speediesdarge scaleeductionin anthropogenigreenhouse gas

pollution occurred in Francguringt he 197 0s ahed97% 80 s ,
OPECaill crisisdroveit to switch fromfrom fossil fuels to nuclear

fission forelectricitygeneratiolowernngreenhouse emissions by
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roughly 2 percent per yeAPPENDIX XXIIl describesnore of what
happened the)e

Figure9 Lifecycle GHG emissions inluding "back up" & leakage
(natural gas) effectGHG to other power sourcésking irto account the

factthattheincapaci ti eso are invariably |
burning. GHG emissions attributed to nuclear power have to do with
the fossil fuels consumedfmstb ui | di ng and t hen f#fe

fashion that iis done today.

Lifecycle CO, & CH, Emissions

Methane (CH,) = 20-80 Times as Bad a GHG as CO,

© 1200 | T I I I I |
5 —_— 974 https:/tinyurl.com/qvxwj37
E GHG Equivalent,
% 800 ~3% Methane Leakage
>
= Gas Back
?-)‘ 600 469 -- No Methane Leakage V\?ZF a=c1;;p
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© 200 '
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Courtesy Burton Richter -- Comparison of Life Cycle Emissions in Metric Tonnes of CO e 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 9 Lifecycle GHG emissions inluding "back up" & leakage (nhatural gas) effects
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According to James Hansehal (Hansen 2013the taskfacing the

entire world today is mordifficult becauséi e mi ssi ons r educ:
6%/year plus @0 GtC storageén the biosphere and soils are needed to

get CQ back to 350 ppm, the approximate requirement for restoring the

pl anetdés energy balance andHss$abil
colleague & coauthodeffrey Sahs, director of the Earth Institute at

Columbia Universitysays that"On a global scale, it's hard to see how

we could conceivably accomplish this without nuclear

It has been known for almost two centuriesw thatthe ultimate sink

for the atmosphete s carbon dioxide is basal
exposed to atmospheric Gé&nd moisture, eventually weathers to form
theoxides, claysfeldspahoids, and carbonataineralsthatmake up

muchof the inorganic components soils(Ebelman 1845).The Ear t h 6.
soilscurrentlycontainmore than three timess muclcarbonasdoesits
atmospheréKramer 2017), yetheir potential for deliberately reducing
atmospheric carbedioxidg({CDR) andtherebymitigating global

warming although much studieds notbeing exercise@@Beerling2018)

When completely weathered byetinechanisms collectively responsible

for doing tin soils, each gram ohyexamplé s b a s (1G06 Wt%s a | t
CaO and 7.65 wt% MgQO) would release 7.35 milliequivalents
[0.1006*2/(40+16)+0.0765*2/(24.32+]|6)orth of base. If we assume
thatthatbaseconvers acidicsoil-gas CQ which would otherwise

transpire (to the atmosphéfeto bicarbonatarnions (Hartmann 2013),

““This phenomenon i s doesnonecessarifiepresengiet trartsferofn o . It
carbon from soil taheatmospherdecause at equilibriumis offset byvegetative carbomput

to thesoil. It is biologically driven (plants suck atmospheric Lidwninto the soil) and

currently releases about eight timesas muchtCO t he at mosphere as does
burning (Carey 2016). However, that cycle is currently not at equilibrium awbiept to be
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the application/weathering of 8.95 t/hasoich badaover 9.71E+7 ha of

African farmland would remove/sequester 0.076 Pg (76 million tonnes)

of carbon. That soundsbbtkeepr kestn
0.009% of that currently in the atmosphere 30@ Gt CQ).

If atmosphericarbon sequestratios to be&eomeone of future

ma n K i prindady goas, another way to go abodoingit would beto
collect/convermy Africane x a mpcorresfoger® and peanut
hulls/stems (their leavegould probably end up on the ground) to

Abi oc har othatsAcsesnuamii nogd teanskatesdgpcsnyertingh
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

Af ri cads <cabol(SOG)anl seguesier atmospheric carbon
at the rate of ~0.25 Pg (250 million tonnes) per y&aotherreasorfor
Aibi oc hsamédiohtge f agticulturalrésidues would be that

|l ess so due to more filand use changesbo combi
within the Arctic, Central Africa, and the Amazon. Consegyentany climate scientists
believe that a catastrnopniinenfiti pping point

“8 Stover is abowvground,nat grainor roots cropmatter-t h e geeedaflyabout as much of it
as grain and approximately 80% of it can be reambliected

9 There are huge efforts under way to discover more efficient ways of conwrtiotural plant

material (ostlycellulosg to motorfuels (primarily ethanol)l t i s ncémmerciaha | | y

feasible yebut thatcould ctange in the future. Ona theimpending threats to agricultural

sustainabilityis that if the conversion of plant structural material (not grain) to etlkres

become commercially viablpgople will betempted touse crop residues as an energy source,

thus depriving the sodf necessaryrganic inputs. For examplextensive studies have

concluded thatost aboveground corn residug-5 tons/acre) should returredto the soil to

maintainits quality. Consequentlywe must b&autious when considerirggantitative removal
ofcropresidusas a routine practice. As thelanegendar
arguing against indiscriminate conversion of biomass and organic wastes to fuels. The humus
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doing so should simultaneously produce more than enough earbon
neutr al Aol | 0 t o f uelthefarimsandnharebiii ner
become a profitable side line for their owners. Figures in a recent report
havingtodo wittNelr as kadés farm f ueld dgl®dwst s s
input corn farming requires about 70 US gallons of diesel fuel/ha/a

(Agecon 2015). Five tonnes of bio oil purportedly has the energy content

of ~37% that much No. 2 diesel oil (i.e., 2176 liters, 575 U®gs] or

82 GJOos worth) and i tittcddiesaHlymge be po
engine fuel Cataluna2013). Consequentlyn principleanyway,such

farms would generate about seven times as much motor fuel as they
consume.

If everyonein the worldcirca 2100ADI not justits Africans- were to
char their stover and fertiliZeslds with Snake RivePlain basaltat the
ratementionedabove theywould collectively sequestef3 Gt CG per
year. However, since the atmosphere alreayains about 500 Gt of
excess CQ[(~412ppm350ppm)/412ppm*3300 Gt =4Da&nd will
surelybecomeurtherpollutedbefore wé v leckedour addiction to

fossil fuel s, it would probably 1t a
farmersaloneto reduceittod s af e 0 ( 3 Sv@jusptipose) | e v e |
means

Universal @option of the sustainabfe o r g agricultue principles
developedtestedby the Rodale Institutamong othersincecircal1980

would be a quicker way to restore the atmosphese toi s af eo ( <3
ppm CQ) condition Thati n s t iprimarygod idwasto restore

capital, which is substantial, deserves being maintained becawskspils are a national asset
(Jenny 1980).
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agricultural soils (both their biotansects, worms, microorganisms,

fungi, etc., and total soil organic carbon (SG&LkXx a A humuso | e
back to what they were befonee began to feam them. Those principles
include minimal tillage, rotation through a wide range of product crops
(e.g.,not justthe USc o r n hhb#tdaltoins soybeamotation), and
theplantingof avarietyof cover crops including legumed of which

are pedo m kil led & flattened) prio
in place i notremoved while the latter ideinggrown ancharvested

For instance, the amount of carbon
meter of the wor | lbdtennes @al 208). Iiwve n o w
assume that one hal f(l1.56E+14MhiesoilEar t h 6
possessing a bulk density of 1.3 g/cc contains that SOC, its
concentratiortherein must be~2.2 wt%. The amount of excess carbon

in the atmosphere (i.ghatover 350 ppm Cg) is now about 12billion

tonnes. This means that all we have to do edopt farming practices

thatwill r ai s e t h affoma2uptb D6t BOCThat 6s sol
t hat shoul d be eastodayshighlyap, and #fn
industrialializedespecially apient homos$o accomplish

* Thisi sjusiconventi onal Ano till o far miofpgants) The ¢
initially serves as mulch and thereby suppresses weed growth. When worms and bugs
subsequentlhincorporate iinto the soil, it then providesnatural fertilizer (esp. nitrogen), feeds

beneficial soil organisms, improves water retention, and restores SOC to natusal level

Rotation througha&i d er r a n goxrops tliscdurages thewestablishment of mxific

pestsand root/foliar diseasekx US Vice President Gore compensates for the GHGs emitted by

his jetting around the world to attend environmental conferences practicing regenerative organic
farming on his own family farm. The majority of hisfello at t endees donoét .
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The rate at whictheadoption of organic regenerative agriculture (no till
plus cover crops) increases SOC is apparently on the order of 0.55
tC/hal/yearFranzleubbers 20)0 Scalingthatup o t he enti r e
~1.6 billion ha of cropland, translates to 0.88 Gt of carbon sequestration
per year.

Other reasonfor adoping thisapproachtégi or gani ¢ f ar mi ng «
equivalent or even higher crop yields, virtual elimination of both wind &
watea soil erosion, and much lessened herbicide, artificial nitrogenous
fertilizer, and irrigation waterequirements

Another reason foadoptingit is that it would addresstheroot causes

of theongoingmass extinctios of the insects seing as foodfor much

oft h e Eathertwitdiifes(especidy birds and fish s e enchg8®

Bayo2019. Those causes in order of i mpo

1 habitat loss and conversion to intensive agriculture and
urbanization

1 pollution, mainly that by synthetic pesticides dadilizers

1 biological factors, including pathogens and introduced specie

1 climate change.

The lastfactor is particularly important in tropical regions, but affects a
minority of species in colder climes atite mountairous séings of
temperate zones.

Of course since the potassium, phosphorous, and trace minerals in such
sdls would eventually beomedepleted, it would still be necessary to
replace them with some combinati on
(manures), artificial fertilizers, and/or powdered bagaltn at ur al
fertilizer o)

3.2 Oceanic acidification mitigation
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A icnuvwear c¢clean new deal o coul d addr
consequence of fossil fuel burning.

TheEar ok@seans have become an especi a
respect to theffects ofthe excessiveatmospheric C@causingglobal
warmingdrivenoxygen bssand acidificationOrr 2005)- see
APPENDIX XX. Acidification is currentlykilling a host ofpelagic
creatures with aragonitedlcium carbona)eskeletonshellswhich are
depenént upon oceait chemistry (pH and temperatur@mainingasit
waswhile they were evolvingSuchcalcifying creaturesonstitute the

E a r ddminantnaturalCO, sequestratiomechanismconveting ~1
billion tons of CQ each year toceaic sedimerg™ and Imestone

(coral reefs)Land plants ad soilscurrentlyd o maécomplish tat much
sequestratiobecauss o0 i | sbeiagfedilizeéd tvith powdered basalt
andt o d angludtsalizedfarming usually depleteSOC Today in

many regions (e.g., Chinadil microorganismsaarestill addng (via
respiation) netGHG to the atmosphenaa metabolisnof the organic
carbonwithin the small amounts afrop residues lefnithem Our

ci vi | icenaersiomal &dh &  Efassilizdd 6asbon to atmospheric
CGO, is driving oceanicextinctionsapt toeveriually eliminatie a host of
animalspeciesangingfrom coccoliths to whales, andudy about 15%
of human food protein.

A relativelyinexpensiveandpracticalway to addresshoseeffects
would beto implementthe suggestion proffered BrofessoSchuiing

>1 About 80%of the carbon stored in the geosphere is limestone and its derivativesifoom
thecalcium carbonateomprisingthe shells ofleceasedharine organisms. The remaining 20%
is stored as kerogefpeat/oilbas etg formedvia the sedimentation arslibsequertburial of
terrestrial organisms undelevatedheat and pressufBerner 1999).
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and his colleageswell over a decadago(e.g., Schuiling & Krijgsman,

2006): i.e., crush basatir maybe even bettetdunite(itd s more basi
into coarse sandlike, particles and scatténem along coasines and

shallow reefsWhenso situated particlegrindingdriven bynatural

wave action would greatly acceleraieir weatheringandthereby

quickly relieve over-acidificationwhile simultaneously rendeg that

water abetter sink folratmosphericCO,

Anotherandprobablymore effectivedriver forimplementing Dr.

Schuilinge t padpasda is that global sand shortageas come to be
becausave humansmake brick and concretaut of itT especially in

andarounds o ut h e a s tgeoArgurkam aseasBomsequentlyvast
amountsobandisbei ng fist ol eno from beache
same time that risingea leveland climate changmducedriver

floodingis increasinglythreatening homes and businessiasated in
suchdenuwedareasT h at 6 s a purtificidl lmasakidenriedsand

valuable enough ttempt entrepreneurs to magell lots of it whenthe
powerrequired todo sobecomes cheap enough.

Savingespeciallyaluablewaterfrontsituated homesesorts & hotels

IS apt to be at least as strong a motivatontst people and their

elected representativas ismakingeveryoneaquallyenergyii r i ¢ h 0,
rendering agriculture sustainapte protectng any sort ofcommongthe
Earthoés oceans)

*2 Dunite is an ultramafic plutonic rock possessing a chemical compo§itigjors only)falling
somewhere between pure forsterite (8ig;) and pure fayalite (R8i0,). High magnesium

dunite is about four times as basidsypical flood basalt | t 6 s ,ahsorbee hut peorer C O
fertilizer.
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Otherway s t hatprapdsads whohadlddsni ti gate t h
excessivatmospheri€CO; issues includéhe cementtoncreterelated
suggestions discussatdection 3.3.

3.3 Nuclear poweredtransportation

3.3.1 Requirements

ARThe automobil etisgseéspecbahbl guaddr
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 andl@dmgt
use public transportation are by comparis@easantsooking up with
almost inevitable envy at the knights riding by in time@chanical
steedsOnce having tasted the delights of a society in which almost
anyone canfretend ty be a knight, its hard to go back to being a
peasanb Kenneth Boulding

Many of the good thingdtatthe citizens ofoday's richer countries have

come to take for granted depends upon a wwrtte transportation

system that wilinevitably suffer from price shocks arsthortagesvhen
petroleunfinally peaks out and then declines. Petroleum still provides
about 40% of the worl doés tot al pri
Changes in its price and availability will have tremendous impact

becaus¢ o d aliedativesl o rcdntribute much tohetransportation

sector. Petroleum production will decline due to the saaleworld

laws underlyingalmosteverythingelsethatweneedll s e t hat 1| sno
renewable It is often claimed that Hubbérts i p e@éeptbthel 0 ¢
fact that oil production via any means from any/all sources will reach a
maximum level then decling,is only about geology. Btead it is a
consequence of geology, reservoir physics, economics, government
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policies and politics. Their intisic limitations will eventually affect all

human activities because neither economic incentives nor political will

can break or even bend them. Several natural depletion mechanisms
affect petroleum production. Deplettoiniven 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 secondary recovery phase involves water
injection to maintain pressure but increasinglyrenvater and less oil is
recovered over time. Additional invested capital and technologies, e.qg.,
CGO, injection, can enhance oil recovery in a tertiary recovery phase but

it comes at a stil/l hi gher <cost. I
spongé easy to begin with but increasing effort is thereafter required

for diminishing returns. Eventually, squeezing a sponge or oil basin
harder isndot worth the cost/ effort

Another natural analogy is the relationship of predator tg pre

popul ati ons: Neasyo oil | eads to
investment in extraction capacity (easy mice means more kittens). The
easiest (typically the largest) resource reservoirs are inexorably depleted
isl owly with Awelsmuickiywith foackedlomes. o i |
Extraction costs in terms of both energy and monetary inputs rise as
production moves to lower quality deposits. Eventually, investments
candt keep pace with rising cost s,
fields cannot b@vercome 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 die). In 1982, U.S. petroleum

geologist M. King Hubbers a i Tdhere idia 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
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energy content, production will ceasao matter what the monetary price
may be 0

LLNL6s 2017 e n driggrgl0) indicatesahiasamouint of

fossilfuel consumed by thd S A bosrnuclearthermal power plants

(22.45 quadsvorth [9.54+12.7+0.2]), is about85% of that consumed

by its transportation systeni00% of which is petroleurbased The

efficiency withwhichits electricalp o wer pl ant s convert
energy to electricity is about 40% while its transportation system is only
about 21945.91/28.10] efficient.

Consequentlyignoring otherlossee pl aci ng t he USAOGS
powered transportation system with one powered with electricity
generated by 40% efficient therrtalelectric nuclear power plants

would require 7.76 [5.91*21/ 0. 4] quads of heat.
the same as currently generated by its ~100 civilian LWR fleet (8.42
heattype quads). At 3.2F1J/fission, doing this would require the
fissioning of 96 tonnes of uranium per annum (a 5.5 ft./side. cube if
metdlic) which reaction would generate ~96 tonnes of fission product
radwaste.
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Estimated U.S. Energy Consumption in 2017: 97.7 Quads u m& Lgvbozrr'noc:rye

Wel Bloctriety 008
wepents

Figurel0 LLNL6s 2017 US energy Sanky diagram

3.3.2 Direct electrical transportation

Electricity representan almost ideduturetransportifuelo (Gilbert and
Pet 2010)1 lightweight electrified vehicles for local passenger and
freight moving and high speed trains for almost everythingelse

Unlike other alternative transpahergyscenarios, only electric

mobility can move people and goodsngsany combination of raw
energy sourceshydroelectric, wind turbines, and photovoltaic panels or
gas turbines powered with coal, natural gas, oil, wood waste,
switchgrasssolar energy, bio oil gpreferably, nuclear fission.

53 see APPENDIX XIX
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Energywise, he majoriy of thelargevehiclesshould be gridconnected
(GCVs) meaning that tlreelectricityis generated remotely and

delivered directly by wire or rail tiis motor(s). GCVscurrentlydo the
majority of electrified peopléreight moving Electric streetcars an

trains were operating in many citieg the end of the nineteenth century
and 450 cities around the worlalreadyhave or are developing electric
heavyrail (e.g, metro and commuter rail) systems running at either the
surface, elevatedy undergroundSome 550 cities in Europe and Asia

have streetcar and/or lighail systems and about 35@ve trolley buses.
Electrification of intercity railroads began early in the twentieth century,
though mogdy occurredafter 1950. Now most rail routes in Japan and
Europe are electrified. Russia has the most extesgstem;

approximately half of its 85,00kllometertotal, including the whole of

the 9,258kilometer TransSiberian Railway is electrifieCh i nads r ai
system is being rapidly electrified and now hedkewo r | dd6s s ec o
most extensivlg electrifiedtransportsystem: 49 lines totaling about

24,000 kilometers. In these countries and elsewhervse#ne mostly

main routes and thus carry a disproportionately large shaineiof

C 0 u npasséngers ariceight. The revolution caused by introducing
high-speed electrified passenger rail has transformed the way that people
move between major cities (dhina,Japan and Western Europgheir

primary advantage relative to battexlectric vehicles (BEVs) ioiver

cost and greater efficiency. No matter how good powerful/long range
BEVs might becometheywould still have to carry around a huge load

of very expensive batterieghich would take up space andcrease

energy consumption. For exampe 85 kWh, ATESLA 30 carbattery

weighs 478 kg currentlycosts abou$12,000and stores as much
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primary energy as does about 2 gallons of diesel A@CVswould
eitherneed no battezsat allor only relatively smallcheapones for

| i mi t-wdr 80T A GGWseauUbject only to energy distribution
losses in movingheelectricity from its source to the motor. For a BEV
lossesncurred duringhecharging and dischargingf its batterywould
likely be ®veral times thtdistribution los™.

3.3.3.3 Private automobiles

Neverthelessas theBouldingquotation headg up this section
suggeststhere would definitely betrongdemandor small lightweight
BEVs suitable for short range commuting, grocery shoppaygiding,
etc. Such vehiatsshouldutilize governmenistandardized 0-25 kWh
battereswhich couldeitherbefairly quickly charged at home or
switchedoutatthei f i Is It ia n @nwsiosed by Thomas Edison over
a century ago.

Togenerata numer i cal e x amebféhe figresin@s t r
recent analysisRomareandDahllof 2017) of lithium ion battery
poweredautomobilesto figuresfacilitating momparisos of BEVs and

ICE powered transportation.

*Anot her reason f or itatonsdelgl, cobak lghium)aeepttolemtour c e
the number of big (e.g., 75 kWh) BBdatteries that could be made.

>> Another scheme being bandied about envisions BEV energy storage via capattigrthan
batteries. lts much hyped advantage would be
nonsensical because after several decades of development,a really big state of the art 166 Farad,
54 V supercapacitor costs ~$150@tgs://www.tecategroup.comIts specifications correspond

to 0.067 kWhros worth denenghgyosmovageoneEof
TESLA cars about 120 feet (not mil eslgssdown t h
otherwise .
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According tothem,the energy required to makeetle 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 BBdtteries last for
500,000 miles, we camquateeach kWh's worth of its batieto 6667
[5E+5/75] milesworth of transport

Assuming that an ICipowered car driving that far would average 30
mpg, that lifetime (6667 milésWh) corresponds to ~222 gal gas/oill

So, assuming free electricity, in principle we'd be over five tina¢ieb
off with the BEV (222 /43=5.16) in terms of both energy use & CO
emissions.

On the other hand if the energy charging the batteries comes from a coal
powered grid withan overall coal energy to battery eneigyarge

efficiencyof 30%. t h e $BeherVgy/CO2 advantage relative to the

| CE i sndét overwhel ming ( 222/ 43/

The trick of course is to power everythinthe car & battery factories
plusthe electricalg r | d t hat O swith aean, ggeea& ge t h e
reliable (nuclear) poer*.

Mr Musk is now promising that hisarbatterieswill soonbelasing a
million miles! Even better,Dilbert hasshown us a way to produceeth
necessarpower sustainably seeFigure49 (the corpse could be that of
either Alvin Weinberg or Admiral Rickovér
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Figurell puts theenergy costsf first-world -moving into proper
prospective.

5000

(9.1)

4000 +

3000 +

(114.9)

2000 +

Energy Intensity (Btu / passenger mile)

Figure 11 The USA 6 meoplemoving costs

The surprising thing about it is that pulditansportation systems (esp.
buses the way that we apparently use them) are often worse than
automobilesefficiencywise. The kegto car use efficiency is to not
buy giant gaguzzlers& becoming willing to wait until your wife wants
to go to towndo so that yolnothdon't have to drive there separately.
A little car with 3 (not 1.5) people in it would be more energy efficient
than commuter rail as well as a lot more flexibézausét could go
almostanywhere, not just to a few wide$catteredtations

We have too much stuff/resources invested/wasted in our privately
owned vehicles (POVs).
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There's absolutely no good reason fofAismericansanyway)to be
driving around, usuallglone in 3500Ib. carsor F 150pickupsunless
we weigh over 100(. ourselves.

A 1000 Ib car could carry aroumsbrmal sizedwo people plus enough
groceries to feed thefor aweek The problem is thdew people here

in the good 'ol USA would buy one. The best litdhasonabhpopular

car I've seen here inthe USAa s C h e, Yapamdséuilt (Sazuki)
GEO metrahatchback. It got >60 mpg, weighed about 1700 #, & could
carry four people & enough groceries to feed ‘em for a month.

They were popular for @hile butwhen gas got "cheap" agaafter
2009 0s wedeosddsddo boyi.5 tonnerossoversinstead.

We ourselves are the "enemy"”, notthe@aes 6 v e .b olutgbhst j ust
anothemunfortunatananifestation ofhuman nature.

Other types of GCVs have been ammhtinue to B used to move goods.
Thesevehiclesinclude diesel trucks with trolley assist such as were used
in the Quebec Cartier iron ore mine from 1970 unak thine was

worked out in 1977. Tdse trucks were in effect hybrid vehicles with
electric motors powered from overhead wittest provided aditional
traction when heavy loads were carried up steep slopes. A diesel
generator provided their electricity. Thesult was an 87 percent

decrease itotal diesel fuel consumption araR3 percent increase in
productivity.

Several direccomparisons ofaw/primary @ergy consumption by
GCVswith similarly capablesehicles with dieseéngine drives
confirmedthat energy use at the vehicle is invariably lower. For

example, in 2008 San Francisco electric trolleybuses used an average of
0.72 negajoule of energy per passengagometer; in contrast, the
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average for diesel buses in the same city was 2.67 megajoules per
passengekilometer.

If the electricitypoweringtrolleybuses weréo beproduced by a diesel
generator operating at 35 percefficeency, with 10 percent distribution

loss, the buses would still use less energy overatidb conventional
directdieselpoweredousesWhen electricity is produced renewably
(egwvia thitdohwghkdexperi ment 0s sust e
cycle)t he only thing that would count

3.3.3fiNuclear hydrogend 6 O O Utrafspokaiidn A fuels

Thoughthe manufacture fubstitutaransportfuels (synfuels)such as

coalor gasto-liquidsis likely to increase over theext severatlecades,

it is unlikely tocompensatéor theinevitabledecline of oil production
andwould certainlynot addresdossil fuesbenvironmental impacts.

Todayds alternative energy sources are not replacements tod @iy 6 s
They (vind, solar, etc.) produdgi n t e r etectticttyd motthe
liquidfuelsc ur rent l y ser vi nenergywisestarage v e hi
Abatterieso

Table3 Comparison of batteries to jet fuel

Specific energy  Energy Source E,/E jet Useful energy
fuel/kg ratio/kg

~42 MJ/kg 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 efficiencie
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Table 3 compares specific energies
secondary (rechargeabl e) babbasederi es
aviationfuel. 6s pretty obvious that batte
fuels for any nAheavyo transport sy
fillups.

The fact that a properly implemented nuclear renaissance would render
electrolytic hydrogen much cheaper than it is maises &hostof other
transporfuel possibiliies. For instance, hydrogenation of the ~11.6 t/ha
of product cropstovermentionedn Chapter 3.1would produce about

3x as much synthetic fuel oil (~4.9E#@ne$a) as wouldnaking it

from biocharin@ %io oil byproduct(Agrawal 2007) Suchsyrfuel

would be carboimeutral because ig derived from plant mattehathad
receivedts cabon from the atmosphere.

Dimethyl etherepresents an especially promising synfued c aus e i t ¢
an especially clean (no particulate emission), especially efficient (Cetane
number almost twice that of #2 diesel oil), and easily handlesb(ily

liquefied gas like butane) diesel fuel that can be made by hydrogenating
carbon derived fromanything from carbon dioxide to corn stover. Its
chiefdownside is that liquefied DME hadout onénhalf thespecific
energy(J/cc)of petroleumbasedliesel fuet andthereby requesa

larger fuel tankf usedin the same engine However, the greater
engineefficiencies possible with would partially compensattor

that®.

*®|n 2009, a Danish Univeri t y 6 s -n$atathdn|DMEuweledfi Ur ban Concept Car
set a Aigaso mileage record of 1385 miles/ US
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What would the hydrogen required to do such things cost?

According to WIKIPEDIA as set out iB O E 8045 hydrogen
productionreport (https://en.wikipedia.org/wiki/Hydrogen_ecang ), at an
electricity cost of $0.06/kWh, hydrogen would cost $3/kg.

Since therebds no good reason to e
sustainable nuclear renaissanceos
t hat gener aoturmedtonkestersi~8damnwbdHs/ k Wh, | e
assume that figure. Since tisameWIKIPEDIA entry also says that it
currently takes approximately 50 kilowdiburs worth of electricity to
generate one kilogram of hydrogen and $0.06*50 = $3, most (100%7?) of
the cost of such hydrogenust be thaattributed tahe electricity going

into making it. If so, then the cost of nuclear hydrogen should be
~$3*0.034/0.06 or $1.70/kg.

X

t

Let 6s put that number i nto perspec
we do have a pretty good feeling forthe cost of gasoline.

Assuming 0.7489 g/cc, 76.4 MJ/kg gasoline, what would that hydrogen

cost translate to in terms of gasolineco®%? Wel | , si nce th
| iters/ gallon a kg of gasoline mus
$3/gallon gasby the joules worth of hediurning itwould generate

results in aost per joule of 2.248 $/4. Di viding nucl e
cost per kg ($1.70) by its combustion heat of (143 MJ/kggaveewith

1.19E8 $/J. That means thaticlearH,0 s ¢ 0 s-Wwiseavoull beg y
equivalent to $1.59/gallogasoling$3*1.19E8/2.24E8].

That s pretty darn affordabl e.

(For some exercighaving to do with wind powegenerated hydrogen
see homework problen’6-81.)
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L et 6 sat 9memoke transportation fugossibiities thatcheap
nuclearhydrogen would render doable.

If Africads 4.5 billion future citi
Portlandtype cement per capita as we do now, Fisher Tropsch
hydrogenation of the C{3o-generated would produce about 8.2E+§ M
(metric tonnesdf transportation fuel/avhich figure divided by 4.5

billion represents ~28% of current world per capita petroleum

consumption ratdJnfortunately,evenif that cement were to be made

with nuclear powered kilns, suéhel wouldstill notbe carbon neutral
becausehe carbon in question would stile derived from limestone.

Another possibilitythatwould not dumpsuchcarbon into the

atmosphere would be to make additioiat u cdmen@nad and use it

to fuel engines and/or fuel cellkgnga and Holbrook 2015)For

example, the shipping industry is beginning to evaluate ammonia as a
potential carbotiree alternative to the heavy fueldip unk ey f uel
used in maritime transpofable4 conpareskey characterisitics of both

real and potentials fuels.

: Relative Storage

Fuel/energy sourc| MgJkg | MJ/liter pressure
volume bar

Fuel oil 40.5 35 |1.0 1 bar
LNG (-162°C) 50 22 11.59 ~350
LPG (25°C) 42 26 |1.35 50
methanol 19.9 15 |2.33 ~1
ethanol 26 21 | 1.75 ~1
Ammonia 18.6 12.7 |2.726 70
Liquid H, (-253C)| 120 8.5 4117 ?
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Marine battery 0.29 0.33 |106,000

Tesla 3 battery 0.8 2.5 (14,000

Seehttps://www.ammoniaenergy.org/articles/rrammonia
engineupdate/

Table 4. Alternative transporation energy sources

Puttingproposals like tatinto properperspectiveequires anotherball
parkcalculaton.

According to the EIA, of the 7.3 billion barrels of petroleum corstim
by the USA during 201,747% was motor gasolin20% was distillate
fuel (heating oil and dieseldnd8% was aviation fuél other words
about 75% opetroleum igused to fuel some sort of engiridat year,
theentire world consumed about 83 million barrels of it pera@a$0.3

billion barrelstotal. Oi | & sombuatiarheat energy is about 6.1
GJbarrel (159 lites or 42 US gallons) which translates to about 42
GJ/ tonne: | dormgbustiah heath3B880kigram mae (17

grams) which translates 82.5 GJ/tonnand making it vigelectrolytic
ally-generated Krequires about 14.2 MWhs  wob glettrical energy.

75% of 30.3 billion barrels dfil consumed by 35% heatfficient

engines adds up to 4.85E+19 (0.75*30.3 E+9*6.1E9) Joules worth of
energy service@useful work) Providing that mule useful energyia
Adirect electricityo would require
[4.85E+19/1E+9/35E+7 one GW, reactors.

If we assune that those energy services were to be providg@ngines
burningii n u cdmenenia, 6.19billion |
0.75*30.3E+9*61E+9/22.5E+1Dtonnes oft would be needeger year
At 14.2 MWh/tonnemaking that muclof it with electricitywould
require the fultime output of 990
[6.19E+9/14.2*3.E9/1E+9/3.15E+7 one GWe nuclear reactdrover
Six times as many
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The lessonhatball parkcalculationdike this oneshouldteach uss that
our descendanshould electrify as much oftmevor | d6s tr ansp
system(and almost everything elsa$ possible.

In batterypowered electric vehicllBEV) scenarios fuel is burned to

produe mechanical energy similartoh at happens i n tod
automobilesexceptthatlatter powers the vehicle directlgotconverted

to electrical energystored somehovwandthenconvertedoack to
mechanicaknergy The more stephere ardoetweeraraw energy

sourceand itsultimate usethe more complex, less efficient, and costly
everythingbecomes.If we were to require that wind machines and PV

cells be made with ONLY wind +solgrener at ed el ectri c
quickly find outwhat their real costsa.

A fairly recent NREL papegfAntonia and Saur 2012) moeela

dedicated wingo-H, plantsituatedn the desert hills of Sdhern

California Its conclusions were as follows: The hydrogen produced

from ahypothetical optimally-sited CF >43%), wind farm site near

the Mohave Desert and delivefdigpensed at Los Angeles refueling
stationswould cost $9.4/kg in 2010 dollars, $5.5/kg from the production

plant costs and $3.9/kg from the storage and delivery costs for the base
case scenario employing compsionless refueling statia The total

delivery cost for delivery pathways employing 350 bar and 700 bar
conventional hydrogen refueling stations incredse$0.7/kg and

$1.0/kg, respectively. A significant portionokihs cenar i o6s pr
costwasdue to the wvari alenelgyoutput @f t he
2010 dollar = 1.184 2020 dollars).

It seems to be difficult fomany oft h e kBefgP experto
understand thahe renewableto-hydrogenscenariaepresentsn
extremelyexpensive wayo retire fossil fuels.Energy generated by

A dvanced fission based nuclear reactasbould be able to produce H
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more cheaply but is unlikely to match the cost of that from natural gas at
current USgasprices Ho we v e rjustatempotaghecupToday 6 s
(March 2020)CoronaVirus scare is throttling global economic activity
along withfossil fuel pricesvhich meanghatthew o r Imaré s

expensive fracking wells will be valved off and new wells delayed until
prices come back wphich they inevitably willandwith a vengeande

The westernwdd 6 s e n e r cgnsume way ®o rush dier
collective energies trying to integrate variable energy sources into a
demand base that inherently doesn't want it.

3.3.3.1 Air transport

Peakoil will impact air travel/transport especially hard because it cannot

be fully electrified. Table36 s f i gures show why Dbat
airplanes wi ll never match the per
airliners. That suggs to me hat by the time that the next centrury

beginst h er e asanuah &ir transport as there is now

3.3.3.2 Shipping sysnfuels

According tofiLow Carbon pathways 2060a ( " $4 mi-l I i on mu
universityand cross industry resea project(Lloyds 2016), the

wor | do& s indusiry quipently gmits about 1 gigaton of gger

year(~2.3% of global emissiofsinternational trade associations are

leading the effort to decarbonizetieconomicsector in alignment with

the goalsset by the Paris Climate Agreement. Their immediate challenge

IS simple to state but hard aoldress anfbitious CQreduction

objectives will only be achievable with alternative marine fuels which do

not yet exist 0
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To meet the targets defined by the PAgseement, that study
determinddt hat t he shipping i naaiztory wo
emissions by approximately 2035 (1.5°C) and 2070 (2°C).

Its key findings conclude that the industry needs to do two things: first,
act swiftly andsecond, identy a viable carbotiree liquid fuel

A Shipping wil!] n e sodnbdcausest art dec
stringency increases over time, increasirgggtly mitigationwill be

required. The later we leave decarbonisation, the more rapid and
potentially disruptie it will be foreveryone.

A A substitute for fossil fuel wi
improvements alone will not be sufficient in the medium to long term.

A En er g inbattaries arggjitcally correctrenewable energy
sources will have some role to play, but will likely still leave a
requirement for a liquid fuel source.

While low carbon fuels (bio or synthetic fuedach ammmonia) may be
necessary in the timescale®deledn its report to enable intaeational
shippingdés | ow carbon transiyti on,
were notdeemecdeconomically viabldUMAS 2017)

Another recenCanadian Insurance Services Regulatory Organizations
(CISRO)st udy ¢ o n c ILiquitddnyairogen amcmegmol, n
despite also being alternative energy vectors, have lower round trip
energyefficiencies [than ammonia] as estimated in previous studies.
Further, the infrastructure required for liquid hydrogen transport is

almost nonexistent and methanol is an emis producing fuel at the

point of use; make these alternatives less attractive at this stage.
Ammonia therefore provides an attractive option in terms of RTE, as

well as being an emissidass energy carrier ( Gi dd.ey 2017)
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At least four major maritimammonia projects have been announced in
the last few weeks, each of which aims to demonstrate an ammonia
fueled vessel operating at sea (Brown 2020).

Il n Norway, Color Fantasy, the worl
pilot ammonia fuel. Across the broadNordic region, the Global

Maritime Forum has launched NOGAPS, a major consortium that aims

to deploy Athe worl dbés first ammon

In Japan, a new industry consortium has launched that goes beyond on
board shiptechnology o i ncl ude nAowning and op
supplying ammonia fuel and devel op
And the Ministry of Land, Infrastructure, Transport and Tourism

(MLIT), which published its roadmap last month, aims to demonstrate
ammoniafuebn fAan act uald spdifically, a80®00 20 2 8
dwt ammoniafueled bulk carrierThe first demonstration vessel was
announced in January 2020: the Viking Energy, which will be operating

on a 2 MW ammonided fuel cell from 2024.

Now, the race is tily on to demonstrate ships fueled by ammonia. The
winners will be the regions that are first to deploycavbon vessels

and bunkering infrastructure. The prize will be a dominant position in
the value chains that enable the decarbonization of globadisgiplrhe
contest is just starting but, today, the Nordics and Japan are leading the
pack.

However,most of thesstudesassumed that ammonia would only be
used inthe currenthyexpensivel a m m ofuelicell®, overlookng its
potential in combusticthasedengines.
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The first such usthatl 6 m a wacureedatohé same Norwegian
hydrgpowerplant thatproducedhe heavy watefD,O) which was to
becomethe moderatdf of G e r mafitsyndictear reactocirca 1944°
BeforeWWII most ofits electricityhadbeen used tmakefertilizer
ammoniawith electolytically-generated hydrogeA bit of that
ammoniafueledthe truck depicted ifigure8. Germary owar time
scientistseverdid get their reactor built but thBlorwegians continued

to power trattruck and fertilize their fields wittammonialf Fr anc e 0 s
leaders30i 40 years agtiad decided to build enougliditional reactors

to produce its own synfueés well aleanelectricity, its current

Ayell ow vesto populhapgehingupr i si ng wo

A moderatoro6s purpose is to sldMev)deotwms t he ex
created during fission and therebyre@se the probability of capture by other fissile atofitse

worl déos first nucleawitdaeci dherhaarleamusb ® r mad ¢ e
they had tdbe fueledvi t h natural, not enriched®*Uaamani um.
outnumbered their fissil®®™ at oms 140: 1 (1/0.0071fU6s Thatds
tendency to irreversibly absorb neutrons moving at speeds intermediate between what they
possessed when first released and after slowing down to speeds corregpoadjas at room
temperature (i.ei, t s Ar es onan c)elf smalchumke df uramiom areesgriounaed

with the right amount of a suitable moderator, enough neutrons can get tAtfaughs
iresonance ab sodriggertfissionnf the mpxillhatofrséhat they blunder into

andthereby keephechain reactiomgoing. A per fect moderator atom doe
(irreversibly absorb) any neutrons, 1tbs just
thereby lose kinetic energy. All else being equal, the lighter the atom, the better it serves that
purpose. While hydrogen is actually a better moderator than deuterium, it irreversibly absorbs

too many neutrons to permit a reactor containing only natmuaaium (0.71% fissilé*U) to

reach criticality. Timaotdes att kel meacdmmrtolsaturan
Aenrichedo. |l tds also the reason that Canada,
off with graphite & heavy water ngderated reactors.

*8 Sinceelectrolytic lydrogengasis somewhat richer in the light isotoft#) than is the liquid

water from which it isnade repeated electrolysis canoduce the pure heavy wa{ér,0O)

required to moderateatural uraniurffueledreadors T hat 6 s why ddmahdeker 6 s Ge
that it becomai Somskiddydreods
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Figure12 Nor s k Hy d r o-fueded aucknsioca 1933

Thereare severalechnical challenges that ammo#higeledinternal
combustiorengines must overcome. The Caterpillar Corporation put it
succinctly in their R08 patent application coveringiap o wer Sy st e
having an ammonid u e | e d: &Vihdp amnemia is combusted, the
combustion produces a flame with a relatively low propagation speed

Its low combustion rateauses it tde inconsistent under low engine

load and/or high engine speed operating conditions. Most existing
combustion engines that use ammonia as fuel require a combustion
promoter (i.e., a second fuel such as gasoline, hydrogen, diesel, etc.) for
ignition, operation at low engine loads and/or higihgine speed 0

In other words, one option is to use a liquid combustion promoter.
However,alC a t e r patdntls@sequently notehis approach
ngenerally requires dual fuel storaggstems, dual delivery systems, and
dual injection systems, thus adding additional weight, complexity, and
cost to the engine systeno

The second option is to use hydrogen as the combustion promoter. A
promising variant of this approach is to place afboardfireformen
betweenthe fueltarknd t he engi ne . kso Emeumgéaf @
the ammonia int@lementahydrogen and nitrogen &nsure reliable
combustion. Crackers can be simple in mechanical terms, consisting of
a heated chamber furnished internally with a catalyst. Howe\er, th
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patent describes one more challenrgdshe r equi rement f o
combustion promoter fuel fluctuates with varying engine loads and

engine speed, which can cause control issuesT hi s means t ha
a fixed proportion of the ammonia (or a proportiort theries simply

with the rate of fuel flow) is unlikely to produce good engine function.

A third option would be to use it as Hondarrentlydoes withits hybrid

cars: Anoptimally-operatedtiny,>® gasoline enginehargeghe battery

t hat powemowr-t hedoasasét dr.Thise t he ¢
makes especially good senseaegionst hat get too col d
BEVsto functionproperly (e.g., most of Canada).

There are many ammonia engines in development, including by

Caterpillar, a major supplief maritime, tractor, truck, and industrial

engines. In addition, some major industrial projects will soon

demonstrate the environmental benefits of ammonia infdedl

combustionlf the shipping industry is committed to acting quickly and
identifyingcarbonf r e e | i gvhichdlo notyet éxsto ( i hey s a
it must evaluate ammonia as a skerim bridge fuel for engines, as well

as a longterm energy source for fuel cells.

Ammonia is emerging as an economically viable fuel for dual fuel
engines Waere itis substitute for natural gagTechnavio 2016) When
ammonia issoused asignificant reduction in C& PM (particulate
matter)and rather surprisingly even NQOamission levels is observed.

*9They can be small because car engines must provide only 7 to 15 KR {id¥sepower)

most of the time. A reasonabde&e, e.g., 5 kWh, lithium ion or lithium hydridatterycan

provide far more power than that f&nortburss. This also means that a relatively small

(perhaps 120 kW ) direct ammonia fuel cadbupled with a roughly-8 kWh battery could

power our descenda nhlydvace that temhetiidendy see Zhao 2019) r ou g

119



Ammonia is a higkoctane fue(possesseshigh resistance to pre
ignition), which means that higheompressionmore efficientengines
can be usedConsequentlyproperly modifiedammoniafueledengines
exhibitenhanced power output comparedheir gasoline or diesel
fueled counterparts

Techravio notel that shipping represents roughly 65% of the market for
dual fuel e n gainingepspularity mithe rmariree inéustiy

as a growing number of vessels are using these engines over
conventional diesel or galsereédongi nes
various marine pollution (MARPOL) regulations regarding propulsion
engine emissions.

Farm tractors represent another big potential market for such engines
becausé¢hey typicallyrunati f u | |, andl duetdadommo ni ad s
popularityasa fertilizer,* muchof the necessarfyel distribution
infrastructure already exists.

34Wei nberg &n GAgél ef 6SwWbstitut a

The term fit &€clk hal ag heernd iznbvdtioreas & i
generic tool for addressing problems usually considered to be social,
political, and/or culturalvascoined by technologist/administratatvin
Weinberg circa 1960

A longtime Director of Oak Ridge National Laboratory, government
consultant, and essayistea | s o popul ari zed tthhe 1t e

%0 Gaseous ammonia injected directly into moist soils is immediately hydrolyzed to ammonium
ion which is strongly retained by the soil 6s
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describe national goals and the competitive funding environment
obtainingafter WW Il. Big science reoriented towards technological

fixes, he argued, could providenae WApofio projecdo t o theldr e s s
f ut wocel@meblems. His ideas have channeled both confidence and
controversy ever since.

Weinberg envisaged vast nuclgawer stations as the hubs of networks

that would generate copious electrical power to lidesta seawater,

energize irrigation systems, manufacture fertilizer and heavy chemicals,
and provide the motive force for an industrial society. The idea shifted

the technological fixotionfrom a shoriterm repair to ainterndional
developmentool. He also updated and generalized an ORNL research
project spawned by the Eisenhower
initiative of the late 1950s to investigate nuclear desalination plants for
supplying water to arid regionsingh Uni t ed St ates. Wei
consequently pulled together his experieaseationallab director,
essayist, and gover nmenltegaadddvi s or .
nuclear energy as a magical panacea . . . [with] seemingly unlimited
possibilities. . . for solving social problems, poverty, ethnic rivalries
exacerbated by quarrels over water, even war its&lf initiative,

developed principally by Lewis Strauss and Weinberg in collaboration

with Israeli and Egyptian engineers tojdet that wasmot pursued by
theJohnson administration. Weinberg
of fer to jJjoin a Richard abksiduously c amp
tried to separate his personal political beliefs from public statemeats
Insteadhe sent a briefingaper to each of the major presidential
candidateslescribingagroi ndustri al compl exes as
070s . 0 Hhatfederalgundindg was crucial for such technology

pr o) &o exgensive) too loAgnge and too important for the long

term future ofthe country to be supported by the free madket.
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He was right about thabo.
Tableb5: T h e mdt&rialbesds circa 2009

Mtonnes/a (%

Material Imported)
aluminum 3.25 (45%)
ammonia 22 (45%)
plastics 28 (?)
steel 93 (25%)
cement 100 (%)
natural gas 403 (19%)
coal 858 (2%)
oil 984 (71%)

xf uel mdtariast 90.12%

Table5 lists majorUS raw materiés consumptiorother than wateand
sand/gravetirca 2009. Note the dominance of fossil fuels. Goeller and
Weinber@ onic paperi The Age of 0S wlpsptriotawcthaekdi
problens posed bythef u t unewtablen ¢ h eravpesource

depletion with empirical technical data rather tht@gthen and still

dominant economic modeldn it they gothrough the entire periodic

table examining all the elemengkissome of th& more important

compound$, to determindr u ma n demandos themcirca 1970

estimaing for each the total resource available assuminghad

®L For instance, the fully oxidized carbontwh i n car bonate rocks candt &
things as can the reducéatm carbon of fossil fuels.
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definition of poential source$ the atmosphere, the ocean ainel
uppermosbnemile-t hi ck | ayer ohot hpustar fihbds
The ratio of total resource to demands determinefbr each element

in terms ofyearsuntil exhaustiori a measuref theirrelative

abundance or scarcithn caseshrougloutthatlist where theravasa
clear indication of a finite life time, tgadentified that elemends most
important uses and possible substitutésr examplesome combination
of abundant titanium, aluminurandiron could probablserve the same
purposes currently served byuchrarermetallic eementsAluminum
couldbeohtained from abundant clays rather than rare bauxite and
titanium substituted fomanystainless steel8ased upon their analysis
of geobgical and technological datiey thenpronounced the principle
of finfinite substitutability ;  iith the. exceptwon of phosphorus
mercury,andmost importantlythe chemically reduced forms of carbon
and hydroger{coal, oil andgas)serving both tBn and novas fue] a

rich moderrcivilization couldcontinueindefinitely utilizing only the

E a r indaly imexhaustiblenaturalresources The key to such a future
would bethe availability of energy cheap enough to wkedtiable
materialsfrom low grade ores rather than fraifme much lesabundant
rich ones.

Another reasonablgubstitution thaGoellerand Weinbergl i d n 6 t
mentionwould beto switch from Portland tgeopolymerietype
cements */(Hardjito 2005). ®ncrete i<urrentlyt h e  wfourt d 6 s

%2 The entire world's per capita cement consumption is ~4 billion tonnes/~7.6 billion people or

about 520 kg/person/year. Cement is about the onlythinppt we A Ameri canso co
(about 310 kg/capitar about one halfthanas does the world's average” inhabitant. That's

largely due to the fact that we don't do much infrastructure building or repair, and when we do,

it ds done wmething mademipetroleum, e.g.spbastics and asphalt.
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most humamadetonsumed substance after water, sand/aggregate, and
fossil fuels. An average of approximately three tons of it is produced for
every person on earth each year. Making the Portigmel cement

binder utilizedfor the magrity of it accounts for ~5% of current
anthropogenic C@emissions~onehalf of which is due to the fossil

fuels (mostly coal) currently heatingostcement kilns.

Since about 3 GJ of heat energy is required to make one ton of Portland
cement (Hewlett @12), the ~37E+9 tonnes of it currently
produced/consumeehch yeawould require ~1.12E+19 J of electricity

I equivalent to the full time output of about 355 {sitted nuclear

reactors (~1.2% of the total (~30,000) needed to satisfy 100% of our
descendat s60 energy needs) .

The substitution of geopolymeric binders (cementsjixtures of low
calcium fly ash and/or calcined cl
~15 wt% NaO in the form of sodium silicate and 45 wt% NaOlfbr
Portlandtype cements wodlgreatly reducanthropogenicarbon

emissions. Even if the sodium hydroxide utilized to mak th

activators were to be produced by reacting lime (CaO) with sodium
carbonate (trona), only about 15% as much limestone would have to be
calcined to producan equivalent amount of finished concrete.

Another plus for geopolymeric concretes is that they are more durable

than are those made wightherPortlandcemenbor A Romano (| i1
pozzolanafementitiousdinders. The reason for this is that the

sand/aggregfe bindingmineral assemblage foedduring ther curing

process is neither hydrated nor readily carbonated by atmospheric CO
and/or bicarbonateontaining water.

A third alternative to conventional Portland cement would be granulated
Adry pr o ate sa®). Tipahpoosepsfiwann 192putilizes an
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electricallyblownh e at e d i b to@amvert d mixoh powdered
phosphate rock ore, iron ore, and coke into gaseous elemental
phosphorous, liquid ferrophosphorus (a valuable by product), and a

molten glasslike calcium silicate slag°That pr ocessd fAwas:t
essentially the same thing as iron blast furnace slag which means that if

it were to beproperlytreated- rapidly cooled, powdere@nd mixed

with an activator (e.g., lime or sodium silieqi it could serve the same
purposes as does ordinary Portland cement (Criado 20t@uldn 6 t
totally supplant the | atter becaus
phosphate rock (~250 million tonnesasll under its demand for

Portland cement (~4 bidin tonnes).

Finally, regardless of whickort ofcementitiousand/aggregateinder

i's employed, the futureds concrete
ifbasaltf i ber reinforcing bar/ wire wer e
(Basalt rebar 2016). Modelightweightsteel rebareinforced concrete
structures arkessdurableover thelong haulthan were those made by

the Romans because the carbonation of any calcium silicate based
concrete eventually lowers the pH of its pore fiuid a point that allows
embedded steet¢barto rust, expand, and therebsack the concrete
surrounding it.Basalt fiber rebacamot rust and is intrinsically cheaper
thansteet e bar because the majority of
baslt and melting/spinning it requires less energy than does iron

smelting. It is also ~7 times stronger masgse than steelWwhich means

that less of it would be required.

®One of the r e aphosphapracdsshas beeh suppfantad pyda sulfuric acid
leachingbased process that it requires more electricity. Electricity used to be cheaper in

placeslie | daho because its rapidly i ncvenerabdei ng p o
hydroelectriddam-d o mi nat ed e ner typuppdyghsap elenticity. abi | i ty
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The energy generated by5 one GWe reactors could produce
~1.5tonnel/year of environmentally correct, basidléer reinforced,
geopolymeric concrete falevenbillion people achyear.

Of course thsesubstitutions would be impossible unless some sort of
aburdant, reliable, cheap, and clean power/ensayyrcereplace

t o d dinitécarbonbased industrial fuels. Of the possibilities
consistentwittiMo t h er N a andfactsfGoeller anld Weinberg
concluded that breedéype nuclear ractors offered the most promise.
Unlike the majorityoft h e wpmolititadeaderdoth then and now

they recognized that over the long haul, decisions based upon technical
information (facts) will serve humanity better thamould those based

upon corenient political and econometric assumptions (alternative
facts).

nAnyone who believes in indefinite growth in anything physical, on a
physically finite planet, is either mad or an economist

Kenneth Boulding
3.5 Still more apps

If ourworld were to be fully electrified via a properly implemented
nuclear renaissance, its air and water would be cleaner, its homes and
cities more livable, and far more interesting, better paying, and more
secure employment opportunities would Beaikable to its young

people becaudheywould beemployedbuilding/maintainng their

brave new world.Finally, ararelymentioned (too politically incorrect)
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reason fmonuméntebuocesd during the last four decades is

that its leadership adtgd/enforced a one child per family policy at the

same time they decided to encourage/enable its people to betume

creative anentrepreneurial (Conly 2015). The purpose of that policy

was to free up time and capital which could then be (and was)edktioot
Amaki ng Cdgairm.a Igtr e alttsohildrenebarnl duning d

thaterae speci ally nAspecial 0 tadargpot h t h
whichin turnrendered their lives more enjoyable and successful.

Population growth rate would drop prettgusly (CATO 20B) as would

the degree of misery/desperation/frustration currently driving young

peoplein many countriegmostlythe males) to join terrorist gangs and

hate groups. In other words,h e  waunrehtly desperalg poor

people would expénce the same benefitsmiclear powered
prosperitythall a p aSuuth& pr eads and Chinads ha

A governmeri s ig notlust to give its currelgtmostimportant

citizens(its| e a dgenuilde$ b a Jvkbatevertheywant, but to pave the

way for a prosperous, stabknd safduturefor everyone Any kind of
governmenimandated fertility control is unattractive, but unless its
goalsareachieved otherwisee(g.,by improvingthe livesandfutures of

alreadyl i vi ng peopl e) ,ceseary@wweryvh@ita t o bec
WWIIl doesn 6 t  rthat subjectmoot

Chapter 4. Why genuine sustainability
requires breeder reactors

® It policy changes resulted in lifting roughly 800 million of its own people alongmithy
Af oreignerso out of poverty.
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Due primarily to Asiads rapid econ
energy consumption has risen 50% during the last 20 years and our
appdite forevenmore continues to grow. However, how that appetite

is satisfiedremains as much of a question now as it was at the dawn of

the nuclearagevers even decades ago. We Or e
finiteness of fossil fuels akeywere then, buthere are now almost 3
ti mes as many people to feed, and

are beginning toealize hat many of the promises made by the folks
selling us windmills, biofuels, solar energgd patriotism(?a r eapto t
to be honored\Mlackay 2009).

Finally another of thedvantages that aryf themoltensalor A f ast 0
reactors that | will be describinglative totodays LWRs is that they

could run efficiently with air rather thanwatero ol ed t ur bi nes
operate at such low tgraratures thatondensinghe expanded steam

coming out oftheir hugesaturated steafRankineturbines must be
cooledcondenseavith relatively cool waternot ambient air. Thenuch
smallersupercritical carbon dioxide (sGfBrayton cycle turbines

employel by thesorts ofreactorghatshould be usedouldrun

efficiently (under 2% heab-electricity efficiencylosg with air rather

than water coolingThis is important because even now there are lots of

pl aces that have t o dudnghobspallk(e.g,hei r
Central Washington Stateds Col umbi
ri ver /I ake t hatldcallygethat enouglgto killh e m mi g
wildlife (Sienicki 2017).

4.1 Green enemogspsegetsdi rty | itt]l

fiRenewables 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 watfser square metre that each source could produce smashes
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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 methandustry 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 sidecast. Considered in
watts per square metre, nuclear has astronomical advantages over its
competitorsd

(Jesse Ausable 2007)

A fundamental, generally implicit, assumption of the Intergovernmental Panel on
Climate Change reports and many energy analgstsat each unit of energy
supplied by nosfossitfuel sources takes the place of a unit of energy supplied by
fossitfuel sources. However, owing to the complexity of economic systems and
human behaviour, it is often the case that changes aimed at ngduee 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
nonfossitfuel sources displaced less than an&rter of a unit of fossiluel
energy use and, focusing specifically on electricity, each unit of electricity
generated byonfossitfuel sources displaced less than g@asth of a unit of
fossitfuelgenerated electricity. These results challenge conventional thinking in
that they indicate that suppressing the use of fossil fuel will require changes other
than simply techned ones such as expanding rfmssitfuel energy production.

(Richard YorKk his Nature ClimateChange papér abstrac(York 2012)

However, the folks currently professing that we must immediately
embark upon a Green New Degnerallystill saytha@

ASine solar panels and wind turbinesem tkeep getting cheaper, why
should webotherwith anything els@o

The reason is that, as more solar panels and wind farms aretadded

supplysystem theirintermittency(unreliability) causee ac h f ac i |
129
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powerto become less valuafife And while the cost
individual solar panels has indeed become quite low, when there are
enough of them, they impose real costs on the rest giotwer supply

system. Another issue with them is th&l.S. Fish andVildlife Service
estimatesthat Cal i f oricadsehvaapad )sol ar
solar towettype power plari kills ~ 28,000 birds each year when they

try to perch/land upon or catch tmsectsflying around the topef the

towers at which its ~350,000 hugentrackingmirrors (heliostatsare

focused. Windmills also kill millions of birds (especially eagles

GOOGLE it) and bats because the tips of their gigantic propellers move
much faster than they can fly.

Anothe little detail is thasincethatparticularCS P do e s nthiet i nc
huge,heavily insulated heat energtorageii b at t maltensadt 0  (
tanks)thatcould usuallyenable it to generate electricity when the sun

I s nOt seldrenergyctgallyprovidesonly about 23% ofts

nominal392 MWeii ¢ a p a c i résyis@enerdidiby burning natural

gas which meansthatatii s ol ar 0 p o wabout$0,@00t du mj
tonnes of CQinto the atmosphereveryyeatr.

Like windt u r bci anpea cfii tcgpaity is @ft€rPabig natural gas
consumerdueboth toits modest overall solar hetd-electric energy
conversion #iciencies (1025%)plustheneed tooftenii h e atsup Bbi n g

% Wind and solar power plants areactic systems meaning that they are subject to nonlinearities
and physical relationships rendering their behavior neither random nor deterministic.

% l[vanpaw wasuilt with the ferent support of the Sierra Cliibr $2.2 billionwhich included a

$1.6 billion federal loan guarantelstits build, notits build+mairtenance+profitnargin,solar

energy cosaverageaver 20 years works out &8.9cents/kWh 4-5 times higher than theost

of the electricity generated by todayodés nucl e
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before sunriseby burning gagif thes y s t raofheh saltsvere to

freeze the resulting volumetric changeuld damagés plumbing).

Since 2013, lvanpahs owner s have twice sough
more gas than was all owed wunider th
1.4 billion cubic feet in 2016 (MartiB016*).

Li ke DOEOGs CCSPmandoggle (sBeumye s
ACONCENTRATED SOLAR POWERO homewor
Chil ebs Altacama desert situated
recognized to be the best possible plat&arthto sitea solar power

project) heats a molten salt used to then make superheated steam. Its
solar saltstorage tank batteries are big enough to maintain its nominal
110 MWe output for 17.5 hour %. un i
of its power is solar no gas. Its build cost, $1.3 billion for a claimed

950 GWhlyear, translates to a povizenild cost of $12/watt. The good

things about it is thatf there were no other costndif it were to

actually work as promised, affdt were to lastor 50 yearsit could

provide its customers with $0.03/kWh power throughout that entire

period. However, based upon the performance of the US facility
(CrescentDuness ee t his bookds nconcentr af
homework exercisgshat itappearsto be a copy ofthis seems pretty

unlikely.

The worl dbébs | argest solar power pl
Mor occods pOwenstaion z at e
(https://en.wikipedia.org/wiki/Ouarzazate_Solar_Power_Station). Two

of its three oncentrated solar plant (CSP) facilities utilize somewhat

over a half million parabolic trougtype mirrors that heat a molten salt
working fluid flowing through a pipe situated at the foci of each mirror.

The third utilizes 7400 huge (178") 0 s u ngo (hefioatatdd) n
mirrors situated around a centr al
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top containing its molten salt working fluid. The entire system covers
2500 ha, has a nameplate rating of 510 MW and generbd@® GWh
worth of useful energper year. The latter corresponds to an average
power output of 168 MW [147E+9*3600/3600/24/365] which
corresponds to a capacity factor of 33% [168/510]. Its average output
power/area = 6.72 wattshfl68E+6/2500/(10072]. Since that part of
Mor occ ordsr eissmou rac e 6 *(similarto3duterrvat t s/ m
Cal i forni aosorts@df€S3Ps ard texrjbly inefficientgpower
collrectors Finally, ondlike it scaled up to 1 GWe would cover 149 km
of landi about 300 times as much as woultl@We nuclear pwer

plant.

The USA Crescent Dunes CSPO6s curre
"Today it makes no economic sense to generate witldG@R) the

day, because that's what photovoltaics are for and they are much

cheapet (Ramos Miranda 2020 Not surprisingly, worldwide

enthusiasm foCSP isfading

A new study by a team of MIT researchers examinagrénd and
explains why they create an important role for both existing and new
nuclear power plants in an affordable decarbonized energyrsyste
(TapiaAhumada 2019).

Here are its Summary and Abstract.

Summary:This study shows that the U.S. electricity sector can meet
projected electricity demand while reducing ££missions by 90% from
2005 levels. If nuclear generation costs remain at curierdls as
estimated by the U.S. Energy Information Administration, and
renewable costs fall substantially, so thatvelizedCostOf Energy

(LCOE) costs are well below natural gas generation costs, the authors
project a considerable expansion, especiaflywmd, even without a
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CO, price (« carbon tax »). Given the low LCOE, one might expect a
complete phaseut of carbon fuebased electricity without a carbon

price. However, the study finds that it takes a substantial carbon price to
achieve deep decarb@ation. 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 lowcarbon 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
competitve 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 powertsg has remained
high. However, simple cost metrics such as levelized cost of electricity
are poor indicators of the full system cost and the competiveness of
different technologies. We use then an hourly electricity dispatch and
capacity investment moljd&leMod, 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
levelizedcost.

Dani el Yergindéds book, ATHE QUEST:
Remaking of the Mod edescribdgéchowsuhami ( Yer
damage to an improperly sited Japanese nuclear power plant
(Fukushimaxaused Germany and several other European pawers

decl are a moratorium on new plants
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exporter ofi n u ¢ kelectiaityy voiced some misgivings abouéafter

that alltoo predicable tragedy

41p 4EA 1 AOOIT O OEAO ' AGHoddtdaéhO %I A
us

Germanyiste wor |l dés si xth | argest ener
| argest el ect r i clargestoilcomsukewitich |1t 6 s t
accounted for 34.3% of alif its energy use in 2018. Gas provided

23.7% of its energyMost of bothare inportedi oil from Russia,

Norway and the United Kingdarand gas from the Netherlands,

Norway, and Russia. Due tdepositss r i C
Germany hd traditionallya long tradition of using it. However,
domestichardcoal mining has been almost completely phasad

becausd) it is more expensive to mine thaimporting it from China
andAustralia, and 2) the old power planitairningit wereboth

inefficient and environmentally impactful.

Inr e s p ons e tstnamiehgemeredaksishima issug circa 2011
Ger manew i® g r-leanin@ g o v eprommeatorshiut down all

of its nuclear power plants by 20aBdgenerate >80% of its electricity
andO60% of its primary energy witpolitically correctrenewables
(mostly wind, solar, and biofuels) by 2080e Economist 2020)
Consequently it hasinceinvested~$580 billion in wind, solar and
biofuel renewables and, with the help of its neighborisngrily

Sweden, Norway and Francegcentlymanaged to achieve ~38% green
electrical energy. Between 2011 and 2€i&’shut dowrnof 10 of

G e r mal¥ yutlear reactors ballooned its retail electricity prices

®Ener gi ewe n d eenergy tarnasolind"tore"energy erangformation”.
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while its carbon emissions remained ffaiecause more loc4& easy
to-mine) browncoal and imported (mostly from Russia) natural gas had
to be burned to make up for it. Similarly, in 2014 the state of Vermont
shut down its only nuclear reactor and switched to gas which served to
raise its per cafa CO, emissions by ~5% during a time when overall

US emissions had declined by 17% due to utilities switching from coal
to natural gas

Figure 13 Germany's substitute for its shutdown nuclear plants ¢oal plants use the same
Ahyper bol i c oooliagit@vprsas rautleanplantg

®The descriptor ffl at o asgneratedlsybuningdoalisnl y t he
count ed. li rk erl eya Itihtayt iGe&Gdsnalnydés at mospheric inp
mining releases a great deal of coal bed meth#éps://en.wikipedia.org/wiki/Coalbed_methane
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The red line across the topleigurel4represent& e r mathen 6 s
rapidly growingwi nd p o we rduringc281d & the blug spikes
under it represent total powertaally produced.lts wind power

s y s t yeanycapacity factor was about 0.16 and there were many
times when essentially no power was generated anyvalcenss the

entire country.This is consistentwittlta nd s chy et al s 0
conclusions/observations (Handg2018) i.e.,thati t notsight (or
conservativeor safe,or etc) for decision makers to assume that the
wind will always be blowing somewhere within their system.
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Figure14 Ger many ds t ot al real tthrooghout2D14 Sourpeo wer g e n e
http://lwww.vernunftkraft.de/85 -prozent-fehlzeit-windkraftanlagen-sind-faulpelze/ :

Germanyods I mpressive fiinstalled so
more misleading. During 2011, its cumulative PV capacity of 29.7 GW
only provided 18 TWh of electrical energy
(https://en.wikipedia.org/wiki/Renewable energy in_Germany) which
corresponds to a yearbveragedCF of under 7%
[18*3.6E+15/(29.7E9*3600*24*3650.0693]it h aunhd@rsone third of
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that achieved imegionslike Northen Af ri cads or .Cal i1 f
| t 6 s c o lowertltheerveathat dyringG e r mawinge®s Gee
Figurelb).

Themain problemwith this paradigm other thants excessive cossi

thatmany of the vese r n  wdecidiodn@lsers often assume that
unreliable power sources can fAback
thereby adopt/mandate policies that rertlerrc o u n tmostlye s 6
Aprivaliezreé¢do cpawer plamtdineconomiets their

owners.

Figure 15 Another of the Green Energyrevolution's really great new jobs
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