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Chapter 1

Introduction

Energy has become so cheap over the last 100 years that its relationshipergttonomy has been
forgotten.Dig back a little further andhe true value of energy becomes all too apparent.

I was recently told by an soitlotaanllddyy slitd;lt miybdotuo lad el mean
so t hat wa sltrwastrdherthesinferepcehiatsilas. continually being created faster thian
is being consumethat riled meMore worryingstill is the implication from just howvociferous the
denial has becoméhatoil is the best source of energy we will ever fitfdhis were the case it would
be incredibly depressinglmagine theworld economynever expanding beyond its present levels
your grandchildren having a lower standard of living than we presently do. All the dreaspaoé
travel and increasinlife expecancywould be just that; dreamButure generations would never enjoy
the bigeconomic and social advancassociated with accessimgore concentrated forms ehergy
thatdrovetheIndustrial Revolution Peak oil is undoubtedlyappening and it igoing b be extremely
painful. A lot of us will lose our jobs and see our standards of living fall, but it is a bridueeatial
economic growth on a scale never seen before. The length and depth of that bridge wilhtieekkter
by how effectively weallocatecapital to solving the problem, whighitially meansacceptingwvhat is
blatantly obvious for all to see.

| am not going to spend much time discussing peak oil. The facts are very simple. Onshore oil
production peaked in 187 Conventional oil produain appears to have peaked in 2005 with the
excpti on of on e nygaidsd groduction, whi@hO ehicompéiskes unconventiarik,
peaked in 2008. Middle Eastern production continues to growinmneéased domestinsagehas
resulted in a small declinen exports since 2005Global oil discoveries peaked in 1965 and
production has exceeded discoveries every year since T@84lnternational Energy Agency (IEA)
reports that the decline rate of production from existing fields is 6.7% per annum. Tlasasikrate

as producerdaveto turn to smaller and smaller fields to meet demand; aterage size of new

di scoveries has fallen from 527m barrels back in
sufficient to meetust 5.5 hours of current watloil demand Perh@s mae telling is thatsincel
started getting inter est ednew discopeties haveolndershotattek i n t h

optimistsforecastshy aboutby 170bnbarrels theoretically bringing back the timing tifeir forecast
pe&k productionby about 5 1/3earsto 2014/15 howeverdespite these changes they hdweggedly
stuckto their previous estimates of when peak oil will happen

The conventional view against pepkoductionis that advances in technology wilben up morail

reservesThe logic is soungalthough to a large extent the gaingeéchnoloy have simply allowed us

to extract existinguppliesat a faster pacgostponingpeak production but acceleirag the eventual

pace of declinePutting this to one sideolvever, tle argument actually undermines itself. If Wwave

to develop more technology to access the same amou
for the rest of the economy. Mother Nature is effectively charging a higheontalbte fuel. The

network of ail rigs, pump jacks and deep sea drilling rigs, plus pipelines and floating platforms etc are

becoming a larger anthrger proportion of the economy, leaving leswergy forother industries

Figuring out how these limitations will affecoth gross and net energy output will determine the size

and composition of the world economy.

At the presentelativerate ofgr owt h, coal will once again become th
2012/2013,a position it has not heldincethe earlyl96® .sAfter 200 yearsf declire, renewable

energy is also starting to rise withihe world fuel mix,accouning for almost2% of nontransport

fuels. The initial switch from renewable fuels to coal and then to oil naseverdriven by the

economics ad huge efficiencygainsassociated with more concentrated forms of energging up

labour and capital to do other worghifting back to these lesser forms of energy means diverting

more land, labour, capital, and other raw materialshath accessingnergyand thenturning that

energy into usful work. With fewer resourcegavailable beyond the energy network, the scope for

productivity and efficiency gains for the wider economy will deteriosaig possibly even reverse
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As far back aswhbe Brdt 48006 coal was starting to
recognised that returning to bio fuels or wind and water power was simply not an. &gitbout

fossil fuel, he amount of resourceseededto provide sufficient energyfor industial need was

prohibitive. The whole country would have to be covered in forests toiteeee e ds. Wat er 6s ene
would vary with seasonality, and those relying on wind to provide ertergymp out mines or to

drive industry could only work according to when thied was blowing. Despite significantly larger

energy consumption today and supposedly better education, we seem to lack the common sense to

realise that alternative energy is a reiarter and without a proper replacement for fossil fuels we are

in a mes. Repeatedly | hear people saying that they can adopt their lifestyles very easily to
accommodate a big decline in energy consumpti on.
talking about.

Gross domestic product ( @Mduged and serficed provided withim a val ue ¢
country during one year o according to the Oxford E
we attribute to work done. Measured by caloriEstimesmorework is done by fuels thaloy labour,

and of the alories burned bjabour; most of them arelependent on fossil fudlasedinputs such as

fertilizers and irrigation without which it is estimated that the carryinguacity of the Earth igist

15% of its present leveFossil fuels areised in every aspe of the production chain from mining,

research and development, design, manufacture, operation and finally dispusaimply, the

economy is almost totallgependent oifossil fuel inpuds, and it is 100% dependent energy inputs

if there was no Surthen there would be no life on Earth.

An economy is generally thought to be made up of land, labour and capital, but tosagréhe
basically derivatives of fossil fuels. The effective size of the agricultural land for example is about
85% bigger wih fossil fuel based inputsuch as fertilizer and irrigatiothan without, andso too
thereforg is the labour forcavhich is freed from working on the land by fuel driven machi@zpital
equipment is alsaderived from directing energynto the formationof tools rather than end
consumption. Even education is only afforded tatiss presentevel by fossil fuels lifting us out of
the poverty trapand freeing us frona selfsufficiency lifestyle Scientific advancements come from
communication, imagirteon, and trial and error all of which are aided by fuel inp@alculations
that would take thousands of man hours can now be doneniati@r of seconds by computers,
allowing new sciences that coytdeviouslynever have been dreamed of such as germbdogy to
developand become reality

The cost of energy and the value of energy are two totally different things. The cost is the proportion
consumed in extracting the fuel from the ground, whilst the value is the economic output derived from
the enagy. The two are linked by the efficiency of energy extraction. As this efficiency decreases, so
the network of capital and technology requiraccessingthe fuel increase This relationship is
crucial to understanding the econoanyd how it will change

The energy network is becoming a larger and larger proportion of the global economy. It is not just
apparent at the gasoline station, but rather in our standard of living as a Adthecredit crunch

so admirably demonstrated, the West has maintainedllusion of wealth by taking on more and

more debt. It sold its capital to maintainsging consumption. We weteld by economists that cheap
Chinese labour meant cheap exports to the West, but as it turned out these goods were not cheap at
all. They were in fact extremely expensive as they meant losing jobskil&l andtaking on huge

amounts of debthat will weigh on our economies for years to come. The reason China was able to
export these goodso cheaply was becausever the preceding 20 ges, the energy network had
dramatically changed shape to encompass £irs ceabreservesChina nowaccounts foalmost

50% of the world coal productio@ombined with domestic oil productiohis the equivalent to about

38m bpdof oil or around 45%of the world oil output Not only has the energy network shifted
increasingly towards China, buit has i ncreasingly keptthe tobnry ival ue &
creating hundreds of millions of jobs and sucking in capital from the rest of the world.

The dobal fuel mix is gradually deterioratingrhe energy network is becoming a larger and larger
proportion of the global economy, and consequently our standard of living is falling. It is no good
people dismissing peak oil, or talking the virtues of renesvdbkls. We have to recognise the
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implications of thedecliningfuel efficiency, and what that means fbie economy. There are a lot of

doomsayers, who highlight that without energy the global econoittysaon collapse. That is
undoubtedlycorrect, but he premise that there is little energy is wrohaits more there is plenty

of much higher density energy thmakes oil itself look irrelevantt is learninghow to access that

is important, but unfortunately a misallocation of capital has meant ttiedse sciences and

technologies have had almost no funding in recent ydarslear fusion-t he sour ce of t he
energy or the power source in a hydrogen beistone sich energy source that the world will have to

develop if we are to avoid a termirdecline.

Over the last 30 years, the global economy has become much more horizontal. Technological progress
has not kept pace with economic output, resulting in the depletion of resourcenstef scientific
advancementwhich ultimately drives @nomic growth, are too big for the private sector to bEae
economic gains often do not accrue for decades and the benefits frequently fall away fragirtae o

i nventor . Ai/ésgnent s to benuhderfaken by the public sector, arldSy&tederal
Research & Development spending has fallen from 2.
presumably former Soviet spending has fallen even further. The end of the Cold War was not just the
end of an Arms Race, but it was also the end ©éehnology Race, in which the two world powers

were competing. The reallocation of capital from scientific advancement to immediate consumption
obviously did lift the global standard of living, but it was at the cost of sustainalighave been
consuming down resurces rather than investing in sustainable growth.

Without scientific advancement, Malthusianism is correct. Weakest demant gradually being

priced out of the global economyFirst theU.S. subprime borrowersand then more recentlyhe
indebted GreeksAs the dynamics change between the cost and the value of energy, so the relative
price, or terms of trade, will change between different goods and industries, knocking down the
marginal consumedominoesone by one. The global econoigyheld together by a financial network,
whoseasymmetricrisk profile means the demand destruction ainantlingof the economy can
happen in a sudden manner, particularly if the system is working withinttigihancdevels. Whilst

the market is priog out the marginal consumer, the government has a responsibility to fight this and
transfer money back from productive assets to unproductive ientbe unemployedrhis slows down

the necessary adjustment pr oc emmte forrtleedremainingg t hat C
resources, and thereby making the country pooreiGiauscircle.

To break this circle, capital needs to be shifted from final consumption into scientific advancement.

This is a process which often is associated with a waiuroption is rationed to free up resources to

be directed into a technology rade.war resets technology to a new higher levigaringus away

from the restrictions previouslymposed by natural resources. Whilst a war is the ultimate cleansing

process ball the problems associated with misallocation of capital, the adjustment process should be

able to be achieved far less expensiwmlystrong leadershigirecting resourcemore efficiently We

know what the problem is, and we also know what the solugp nuclear fusion. Unfortunately

leadership is weak, and democracy rarely votes for the medicine it héedsr k ey 6 s donobt vot
Christmas- which means that the cost of the achieving the necessary scientific progress will be far

higher and more paful than it needs to be.

That pain will be felt by the changing shape of the global economy as the cost of energy rises relative
to its value. The network of land, labouwrapital and technologyhecessary to extract and process
energy will increase Certan industries and geographies will simply be priced out. Some countries
will have natural advantages such that they can use the resources much more efficiently than others,
and therefore can pay much higher prices. Timing the transition will be vitale Tdoomtries that

adopt lesser quality sources of energy too early will undermine their own economic competiveness,
and therefore their ability to access the most efficient sources of fuel, whilst those that adopt them too
late will not be able to afford thnecessary investment.

We know what the solution is. We have known for 50 years. Nuclear fusion offers us the chance to

access an almost unlimited sourcevefy high densitgnergy. As our understanding of how to control

fusion grows, so our ability taccess a far higher percentage of the available energy will also grow; a
virtuous <circle. Mo s t people have probably heard
managed to double the power of microprocessors every two.yeanss on 6s c¢r ieshew i on desc
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long, and at what temperatunglasmacan be containedrhishas also doubled every couple of years

for the last 50 yearsThe hotter and longer a plasma can be contained, the more atoms will be fused,
releasing more energy. This has already in@@about a million fold, resulting in energy break
even. Imagine it increasing another millifoid. This is a complicated science, and therefore
expensive, but even if it were to cost 50% of the global economic output for the next 10 years, it would
be dvarfed ly the cost of not achieving it and yet for the last 20 years governments globally have
quibbled over a USD10bn budgstuclear fusion can quite literally lift the entire world population out

of poverty.

This book is a plea to Western leaders t&avapand do what you are paid to do, and to the Western
public, to give the government the mandate necessary to ensure the survival and advancement of our
way of life.
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Chapter 2

The Rising Cost of Ol Production

When it takes more energy to extract the resources than they vyield, then to all intepts@omks
the reserves have been exhausted.

In the introductionl said that | did not want to discuss peak oil as such. There have been plenty of
books written on the subject, but optimists simply argue that black is white. Instead | want to approach
the problem from the opposite angle. | want to assume that there is significantly more oil, more coal
and more gas availablend that betterechnologywill make it accessible

In t h e, asfor@c@sbby Shell geophysicist Dr Marion King Hubbeit,production in the lower

48 US states peakedpreading fear thahe world faced a similar problem. Forty years later, the fact
that world oil consumptiomas continued to grow is viewed as evidence of the folly of the argument.
| f peopl e f or ec a sstandpyet@kyeaosildterorid prodtictioa has imtiGuéd to
grow, why should we believe those sanagysayersiow? The reality is that with hdsight, we can say
with a great degree of certainty thglbbal conventional onshore oil production did peak in 887d
hasfallen marginallyever sinceGrowth has therefore had to come froffshoreproduction which

now accounts for abous0% of the ttal. It is widely accepted that any new large finds &iBo be
offshore, butthey will be deeperand will be further outto-sea requiring moretechnology
engineering capitaland infrastructure to accessethil. As we have seen with thBP Deep Water
Horizon disaster in the Gulf of Mexicthe cost of getting it wrong is hugmaking deep water oil
production prohibitively expensive for all but a few of the very biggest and most well capitalised oil
companies.The level of redundancy in the system hase increased to allow for these accidents
whilst still generating sufficient revenue to sustain the investment grosdbssaryo support output
Prices must rise.

Drilling in the North Sea was seen gsoundbreakingtechnologyi n t he 197®%$s and 1
Unfortunately along with the advanceamre setbacks such &c c i d ePipér alph@d disaster that

cost167 people theitlives. North Sea oil productionwase |l at i vely shall ow and witt
distance from land. Ders could operate at theasked and changes of staff and new supplies could

reachthe platformdairly quickly. Nevertheless the cost of the technology was measured at about 20%

of the value of the fuel recoveredery expensive by onshocemparisondut necessary to meet world

demand For every one unit of energy that went into accessing the oil in terms @#jthial inputand

the operational costgust 4 additional units of energy wereeleasedfrom the fields. This Energy

Return on Invested Energy (EROIE) sasignificantly bwer than had been obtained onshore,

particularly in the Middle East whelgstoricallyit had beeralmost a case of sticking a straw in the

ground and collecting the oil.

Brazil ds n ey cSmarisopvehichBsatsei big new hope for pik abait 300km out to

sea. Either new helicopters wilhve to be designdtiat have a greater range, or a refuelling platform
will be needed half wayadding to the dangersThe oil is at a depth of around-7.0 kilometres.
Beneath 2 to 3 km dfceanis a layer of rock2 - 3km thick, which itself sits above a layer of salt of
similar depth below which is the reservoirhydrocarbonsin the North Sea, the oil rigs stand on the
seafloor, but here it is a casaf specially designed floating platfornsecuredto the ocean flooby
massive vacuum anchorSubmerdiles have to take care of any work at tleeean floor The
technology to drill through the salt will have to be developed. At these depths, under immense
pressure and war med b the dalhbehayed nsore éke & #uid thanta edkkn a | heat
the depths involved the oil wilbe around 100 degrees Celsius when it reaches the ocean floor, at
which point the cooling from the water will make the oil solidify causing high density bulbs that block
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the flow to the surface. The pipes will therefore have to be heated, making them heavy and
problematic.Rather than pumping the oil onshore, a floating harbour will be built from which the oil
will be loaded directly onto tanker&Vhilst production will behighly complexand requie new
technolog, the problems shouldot be insurmountableAs long as the EROIE remains positive, the

oil should pay for itself, butrgwing exponentially with depth, the cost of production @t theprice

for themarginal barel of world production.

Brazil s oi l faces a second hurdl e. I n order to
domestically as possible, the national oil company Petrobras will control all future development of the
Santos Basin, potentially stitng the door to the much better equipped and more experienced
companies such as Exxon Mobil or Royal Dutch Sit&ill.concessions will be replaced by production
sharing agreements with a new state oil company overseeing development and having a adto over
operational matters. Petrobras, in which the government will increase its stake, will take at least 30%
of any consortia formed, and will be the lead operating company in all of them. It will also be granted
licences on its own for any field the gomenent so wisheg:requently other countries that have taken
production fiin houseo to help fund socWithho progr ams
competition and as the sole operator havingst® domestic industry for equipment and supptiests

are likely to get out of control as is already being seen on the human resourcé/frentthe Gulf of

Mexico was first developed, all the oil companies could participdtee competition and
communication between different companies meant teglanology necessary for drilling was soon
developed, allowing the fields to come atream rapidly. Brazil now risks slow and costly
development whereas simply opening the doors to all interested parties and levying a higher tax
would have accelerated prodion and left the risks with private capital.

In 1978 world onshore oil production peake@here is a growingelief that despite the big fields
mentioned aboveptal oil productionmay also haveeaked in 2005With a collapse in offshore oil
discoveres followingthe giant Brazil finds in 20Q6and with the extended time required to develop
andbring new production ostream post discovery combined with the accelerated production decline
from offshore fields necessary to recoup the capital in a timalyner, it is now thought that offshore
production may peak as early as 2012 resulting in an accelerated decline in overall proBuetion

the International Energy AgencyEA) now concedes that conventional oil production probably did
peak in 2006Reinforcing the view, wer the last ten years the growth of oil production hasetiov

away from theséuels to a mixture ofinconventional sourcggas liquids, bitumen, tar sands dnid
fuelssuch that the industry now tadeseribe thelweoletomplan #Al i qui d
In 2008 natural gas liquids accoedffor 11% of thetotal or 7.94m barrels per day. Heavy crude o
bitumen accounted for 3.492.68m bpJ, of which tar sands were 1.27m bgio fuelswere 1.8% or

1.45m bpd. These fuel so@x have an extremely low ERQIBut they are increasingly needed to
meet our energy needdistorically gas liquids were simpflared off, seen as a waste product or too
expensive to recovehut now they areooled down angut through a centrifuge to tch tiny oil
droplets. Tar sands need cleaning in giant industrial washing machines, consuming vast amounts of
energy and water. It then needs hydrogen adding to increase the combustibility. The EROIE is about
1.77 (for every 1 unit of energy you put intbe ground, youecoverl.7 units out, or a net 0.7 units)

but if you wanted to increase the floate, then major water transfer technologies and other power
sources would lower the EROIE still further. As far asfhiels are concerned, it is debatlthether

some of thenhave a positive EROIE or not.

Optimists argue that | iquids production wono6t peak
growth will stagnate from 2011 onwards, thaye acceping an inevitable slowdown of economic

growth. In a declining EROIE environment, net energy production can only be maintained by

reallocating resources away from end consumption to maintaining energy prodiitteoeconomy

will not necessarily slow but it must rebalance. Only if the decline in ER©#fficiently deep that

enough capital cannot be made available from other parts of the economy to compensate will the

energy production actually stagnate, and with it the economy as a whole.

The decline rate ofjlobal oil production from existing fids is 6.7% per annum according to the
International Energy Association (the IEA). Assuming that rate is static, it would mean that over the
next 5 years, replacement production has to be found fonjastathirdof all existing output. That is

like finding a new Saudi Arabia every two years, just to stand Ktthis were not bad enough, the
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decline rate will accelerate as aging giant fieldkich provide the bulk of productiorarereplaced

with significantly smaller satellite fielddNot only havenew discoveries failed to kegpacewith

output every year since 1984, but with theerage new field siZess than 4% of what was 40 years

agopand sufficient to meet | ustald®@de capial iorageireddtay 6 s gl o
maintain output. Even Saudi Arabia suffered a 25% decline in well productivity between 2005 &

2008, from just over 6,000 barrels per well per day to 4,500, which is an acceleration of the 2.3% pa

decline rate between 198&Mhd 2005Worse still, this is despite eahced recovery techniques such as

waterand gasgnjection which adds to the energy cost of production and thereby reitheceffective

net reserves.

Mexico offers a good examplés Cantrell field, once the third largest field in the worlds lsgen

output completely collapse over recent yeatewn 66% between2005 and 208. When the oil

specialist David Shields initially forecast this decline, people dismissed it as hopelessly pessimistic.

Their mistake was assuming a normal distributionrofipction, ignoringhe consequences of using

nitrogen injection techniquesnce 200Qo enhance recoveryhis technology had enabl@doduction

to be sustained beyoride naturallevel, but at the expense of a much sharper pace of decline when it
eventally happened.Of interest the scale b injection requird t he wor | doés |l argest
production plant, consisting of five production lines each with their own air separation units powered

by turbine generatord’henatural gasised to fuel the generasowould havdowered still furtherthe

EROIE of the field

Mexico hadhopel that it could offset theleclinewith the new Chicontepeéeld; however this has
proved a complete disastand an expensive embarrassment. The oil is tightly locked in idolate
geological formations, such that the Mexican state oil comp&iBEX had figured that it would

need to drill 1000 wells a year to offset the Cantrell decline. By mid 2009, having already invested
$3.4bn in the field production was running 60% below tatgat just 30,800 bpdand with tax
revenues under pressure future investment is likely to be curtailed. Withosiheof extraction
prohibitive, auditors haveadvisedMexico that it should reduce its stated reserves by 7.5bn harrels
howeverit so farchasen not to follow their adviganstead saying that it will carry out tests and
studies over the next two years to see if there is any way production can be impEMEX has
therefore had to turn t8lan B;smaller satellite deposits and an accelerateduction program from

its Ku Maloob Zaap[KMZ) field to compensateAggressive flaring associated with the accelerated
KMZ recovery is resulting in the field pressure dropping quickly, making future recovery more
expensive and energy intensive. In theger term the government has estimated that 29.5bn barrels
of oil equivalent lies beneath the seabed in its part of the Gulf of Mexico, however after 7 years of
searching it has found onB/fields worth developing, whilst 6 wells were either dry or thandities

were not commercialeading the oil industry to dubfitt he Dead Seabo.

Moving back to the tar sands for one moment, whilst there are huge reserves, as of 2008 they were
providing us with just 1.27m barrels per day of oil. To clean the oil,nisteeing sucked from a 200

mile radius, meaning that there is a potential opportunity cost associated enitartsfer. If the flow

rate was to increase further, then it seems likely that water would have to come from still further

afield, or alternatigly more capital and technology would be required to recycle the water from

settling ponds, lowering the net recovery rate. It is calculated that to reach a production rate of 3m

bpd, it would consume 20% of ,@MmEchisubal fosthedeating,r e nat ur
cleaning and refining proceddsingnatural gasvith an EROIE of around 18s the energy sourte

procesghetar sands with an EROIE aGf7, means that the whotéroughprocess has used 1 unit of

original energy to access Lnits of tar sand energy, ie a combined EROIE of 17.
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Only about 20% of the tar sasidan be surface mined. The rest are deep underground and would have

to be recoveredia steam injection technology; essentially drilling two halesclose proximityto
eachother and injecting steam under high pressure into one of the holes to melt the tar and return it to
the surface through the second pipe. As yet there are no commercial ventures recovering these deep
reservesWith steam being used under pressureietlaae risks of explosions similar to those seen in

the early days of the Industrial Revolution when a boiler failed, and intieedhavebeen several

such incidents causing big cratémsthe groundas the steam pressure has suddenly escapemlid
suggesthoweverthat technologyhas not been thkmiting factor on productionbut rather théow

EROIE which makes the net energy reserves negligifhalst companies are exploring the feasibility

of building nuclear reactors on site to provide the energysi@am required, it is clearly apparent

that the tar sands themselves should not be viewed as a fuel source, but rather a storage medium for
energy in the same way as a battery. Beremsase the w
sufficient pemium on gasoline to make it economiage natural gas or even nuclear fuel to turn the

tar sands into gasoline

Imagine if instead of using the gas as the initial energy source, we were forced to use the tar sands
themselves. Theeturnenergy would dll from 17 units for every unit we punto the ground to just

1.7 units. Adjusting for this, the net effective reserves would falb®B8%and similarly the cost to

value ratio would soar from 5.88% to 58.&%owhich stage it may simply be deemed ¢mpensiveto

bother aboutWhilst this is the extremd&, her e wi | | be a sharp decay curyv
natural gas production has seen its EROIE decline along a linear path from about 45 in 1995 to 10 in
2010 Assuminggas output is not simply divied from other uses, but is stepped up to meet the tar
sands production goalhen the EROIE will decline at an accelerated rate. When this is multiplied by

the lower EROIE associated with mining at deeper depths and eventually switching to steam injectio
recovery, plus the need to bring in water from further afield, the combined EROIE will fall rapidly.
The tar sands are alreadyffering declining ore grades as the clay and sand content becomes a higher
percentage of the mix, and with regulatonposing more environmental controls over such things as

the scale and number of tailing ponds, the tar sands are going to become more and more expensive.
Eventually questions have to be asked about the opportunityledbie amount of water being used
detrimenally affecting agricultural production@sing the tar sands as the primary energy source in

the extraction process woulthuse a seahange in the pollution and environmental damabéeh

should also be accounted for.

Vendors present the low quality eégg that we are gradually migrating to in a much more favourable

light than is genuinely the caskike the tar sands which rely on high EROIE natural gas as the
feedstock, a lot of the alternative energy is only economic if combinedawitiich higher quay

fossil fuel. As | will show later, US corn based ethanol for example has an EROIE of just 1.01. For the
moment the fuel appears viable, however without fossil fuel based fertilizers and irrigation, and
without tractorspowered independently of the atiol, it couldnot possibly be justified. The concern
therefore is that by relying on high quality feeds
we arekidding ourselves to just how practical these energy sources will be as a genuine replacement.
The very best that can be said of low quality energy is that it can extend the useful reserves of fossil
fuels, but most of them cannot, and should not be seen as ever being able to substitute or replace them.
Reserves should only include such fuel infaoas it is matched by highuglity reserves, and even

then only as a reflection of the incremental energy itaffar rather than the gross energy.

Tar sands and other heavy odllso need hydrogen to be added to boost the combustikility to
reduceviscosity to make them suitable for refineries, most of which were designed years ago when the
lighter oil at the top of wells was being produced rather than the heavy lower quality ¢érttieb
accumulate at the bottom of field§he deeperthe well goesthe heavierand more viscouthe oil
generallybecomesrequiring enhanced recovery technolagyextract it.The most economical way to
make hydrogen is to steam strip hydrogen atoms from naturalbgasvhen that is exhausted
electrolysis will haveto be usedadding to theenergy intensity of production, although advances in
Nanotechnology are increasing the efficiency of the process.

U.S. oil giant Chevron has beemdertaking field trials to pump out heavy crude frtme shared

Saudi Arabia and Kuwait Wafra field that was previously considered unrecover#bls.injecting
steam to loosen and thin the sludge which is then pumped to the surface. Unlike earlier fields where

10
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steam injection has successf ul $heavpadd & tockall énpideoy e d
carbonate formations where steam injection has never been tested on a larges sbalsteam leaks

out through fissures in the softer rockore steam has to be deployed to build up the temperatures
needed to melt the heawil, making the process more costly in terms of both water and natural gas or

oil to create the steam. It is hoped the steam injection will lift the recovery of the fields 1bn barrels of
reserves from just 3% to 4Q%leavyoil suffers from a second problert hastoo much carbon and

not enough hydrogeroghe refining process has to compensate by either stripping carbon from the

mix or adding hydrogen, either of which incurs a further energy pefddlgyveryfact that the Middle

Eastis turningto these gpensive heavy crudeaBustratesthe tight nature of the oil market at the
moment

According to The Canadian Association of Petroleum Producers, conventional Canadian oil
production is increasingly turning to horizontal drilling combined with fractustighulation to
maintain output. Despite these new techniques, surface mined tar sand production has exceeded
conventional oil output since 2006, reaching 55% of the total in 2009. In its June 2010 report it
forecast that irsitu - (tar sands recovered ugirsteam injection techniques)will exceed surface

mined production by 2016This gradual progression from conventional oils using simple recovery
techniques, to the same oil with enhanced recovery, then to surface mined tar sands and finally to
steam ingction, maps out a sharp decline from high to low EROIE energy, as the reserves are
depleted with time.

Another potential medium to carry energy is Shale or Kerogen. It is not oil, although if you come back
in a few million years time, then subjecttte right pressures and temperatures, it would turn into oil.
Human ingenuity can speed up the process, but again it is hugely emetrgyaterintensive. The

giant European oil company Royal Dutch Shell has been working on technology which would require
the insertion of electric heaters hundreds of feet into the ground to heat the shale to between 650 and
700 degrees Celsius for more than 2 years. At the same stage, to prevent seepage and environmental
contamination, it would create an underground walluatbits site by freezing ground water to a
depth of 2000 feetlt seems unlikely that thensould bemuch, if any residuahet energyeft once

these processes have been completémt. only is it doubtful whether any net energy would be
produced, but forite amount of work that can be done by the energy, the environmental damage
would be colossalA tiny proportion of shale reserves have turned intaviih the Eagle Ford Shale

field in South Texas the best exampbet it is estimated that peak productieil be no more than
250,000bpd- 3,000,000 bpdby 2015 before falling.

Gas liquids which have been another area of growth in regeats,are themselves an indication of

an ageing oil field. As reservoir pressure declines, the gas within the digidshto separate from the

oil. This wet gas has to be processed by putting it through a centrifuge to collect all the tiny oil
droplets. Not only is this expensjlesing about 40% of the gross energy in the prodrssit is also
indicative of ageingiélds. Imagine a bottle of fizzy drink. When you release the lid, the drink will
explode out of the bottle driven by gases. By the time the bottle is only about half full, most of the gas
has separated from the drink leaving the rest flat. Some gas dloesnsé out of the bottle, but it is
insufficient to lift the rest of the drink with it. Within an oil field as the pressure falls, the remaining
gas separates and floats to the top of the ail field, forming agagpbetween the well and the ail.
Either the well needs to be put further down into the field and pumps used to lift the remaining ail, or
water needs to be pumped into the field on which to float the oil to the sypfacesses which add to

the cost of production and lower the EROITEhe sale can be huge, with as much as 40 times more
water pumped into the field than o#covered The water comes out with the oil and then has to be
separatedh specialtanks.

Whilst there is a 40% loss of energy in extracting gas liquids, gas thatwould otherwise have
simply been flared off or waste®y removing this inefficiency it enharcproduction and li the
EROIE of the field butbecausdt is just a derivative of conventional productibnvill suffer a similar
decline Gas liquids haveome from nowhere to accounting for 11% or 7.94 million barrels per day of
oil production This dimination of waste has allowegroduction to grow, but it is not from finding

any new discoveries arthere are no similar efficiency gains that will boostpott going forward

other than rolling out th technology to the smalléields where it is presently uneconomic to capture
and process the ga® fact the increasing need to turn to enhanced recovery techniques for ageing oil
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fields whereby pressure haslte injected into the well would suggest that gas liquids production will
have a much sharper decline rate and will be exhausted long before the actuaGad Igjuids
should in no way be viewed as an alternative fugl rather as a sheterm byproduct that has
boosted output in recent years but widdatothe overall decline ratgoing forward

The International Energy Agency forecasts that more than 50% of the volumetric growth in world
liquid energy supplies will come from natural gas liqumser the next 25 years; from wet or
condensate gas. The wetness or moisture content of tiwaser which is a measure of the liquids

that can be recovered in the gas oil separators, is already starting to decline. Condensates or wet gas

fields are dring out. The energwand industrial equipmentost of extracting the liquids is rising
reducing the net available reserves. The owners of gas fieldsswallydevelop the wetter fields first

as these generate additional income from the natural gasdigud so production will follow a
finormab bell-shapedcurve. Thisi (http://www.theoildrum.com/node/7385#mre highlights that

the wetness factor for Saudi fields has already declined, and nmaxstroong the Iranian and Qatar
fields which account for 60% of OPECO&s proven

The Gulf States are struggling to maintain oil production. As the fields age, the region has been
forced to use gas injectionctenology to enhance the recovery rdte2009the UAE injeced 1.7bn

cubic feetper day (cfpd) of natural gas intdts oil fields to maintain productiorwhich is expected to
reach4.2bn cfpd by 202@ccording to FACTS global energy Qatarhad not pleded most of its gas
output to supply Asian customers under kiagnmliquid natural gasl{NG) contracts, the issue would

not be too serious, but as it stands the UAE,
gaso, | eavi ng ipbwerwéenerationaandsndustryt Gagimectize workedvell for

Middle East reservoirs lifting recovery from 50% of reserves to between 60% & 80%, but for the large
fields the amount of gas needed is enormous. Saudi Arabia is injecting more than 3ifrgefidto

al

nat ul

(O

its fields, a figure that is likely to increas@d by 2015. Last vyear Il ran start

gas injection programme, planning to inject 3.6bn cfpd into its Aghajafiedl Whilst Mexico uses
nitrogen and others usmarbon diaide, they are actually more expensive to use than natural gas
which ismore soluble than nitrogdn oil and is therefore better at coaxing oil to flow by thinning it.
Carbon dioxide is soluble in oil but has the disadvantage of having to be collected frower plant

and piped some distance to the oil field at considerable expense. If there were global charges for
carbonemissionsthen perhaps the cost of the cartbonhe oil producecould be reduced by sharing

the expenswith the power stations.

The biggest oi l field i n tshiscoveredrin 1948. ItSdabatdle Ar abi a b

whether this field has gone past peak production or Atof now,Sa u d i Arabi ads oi
peaked in 2005 at 11.1m barrels per.dagveraged 10.4 ition in 2007, briefly recovering for a few
months in 2008 beforgubsequently falling to 9.7 million as of 2009. The initial fall came when
prices were making new all time highs in both nominal and real terms, which suggests that if it was a

pr

voluntary cu as officials intimate, then it was no less political than the sol | ed Ao | swor do

Saudi Arabia swung over the world in the first oil shock in 1973faticularly given the
contributory factorto thebiggest recession since thed 3 DdpressionReduced production in 2009
wasfor economic reasorts support prices post the 2008 global economic slowdown, and so avoid the
budget running into deficit which would happen if oil fell below U3Gibarrel.Between 2005 and
2000PECO6 s rasawha to thedoubling of oil price was a temporary increase in output of
720,000 bpdbut with domestic consumption rising by 1.0m bpd over the period exports actually fell.
Traditionally it would have taken advantage of the steep rise in prices to get hgemanue in as
possible, yefor either political or geological reasopsdce rationing waglearlytaking place.

Saudi 6 s we lid thopght aochave faliefrom about 15,000 barrels per well per day in the
ear |l y 1!hd/®c0 int1890The rapid decline was due to oweorking fields which helped
accommodate the Iranian withdrawal from world marladtsr its revolution Over the subsequent 10
years or so well productivitdeclined at a much slower pace, however between 2005 and eagy 2

as | have already mentioned, is thought to have fallen by a further 25%, presumably indicating that
the fields were working near capacity once aghitp://canada.theoildrum.com/tag/ghawsuggests

that the Haradh Ill development at the southern tip of the Ghawar field, which was portrayed in 2006
by the national oil company Saudi Aramco as the turning point in the battle between geological
adversity and engineering prowess, has sgeanwell productivity fall 60% One specific problem
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arising from water and gas recovery techniques is that the oil is lifted into small pockets within the

field, requiring more wells to be drilled to accesslnt.March 2011 Saudi surprised the markets by

expanding its oil rig order book by 28% over the subsequent two years simply to maintain existing
producti on, and S$Sauda rEecpoonrotmye natnidt | telde AFut ur e of
disappointed most analysts by stating tisitoil output vould averaggust 8.7m bpdoetween 2011
and2015,only rising to 10.8m bpdverageby 2030 It also advised the West that it was only able to

respond to the Libyan outage with heavy crude for which there was insufficient refinery capacity,
hence t he | HrAtégicreservesl ease of

Putting the question of Gh atheaeristne delpate ghktithe 2nd,Brd oduct i o
and 4th largest fields ever fouridk u wai t 6s Bur gan fi el d, Mexi cods Can
are all now beyond peak productiohwenty years ago, 14 fields worldwide produced more than 1

million barrels per day. Now it is down to just 2, Ghawar and Bur@arer that same period world

needs have risen 229%ince 1980, only one field has been discovered globally that can produce

upwards of 500,000 barrels per dayhe average new discovery worldwide is just 20m barogily

sufficient for5 % hours of world demandt nevertheless needs drilling and operational equipment

and personnel, such theéte overallproductivity will be draggged down Despite being of such small

size, the production profile will follow a normal shaped curve just as with any other field, and so

again enhanced recovery techniques will eventually be necessary. Fields that had previously been
abandoned as unecaniz are now being brought back to life becatheeefficiency of production has

fallen sufficiently far that they are now seen as competitive.

Saudi Aomadbid od érssungption rose 9.8% in 2009, and similar annual gainspeetexin

the future,leaving reducectapacity for exports. Overall, Arab growth is expected to account for

11.7% of the global growth in oil consumption in 2010, second onlytoCOIRE® s pr oducti on ha
risen by about 2.5million barrels per day or just over 8% since 2000ising domestic consumption

has meant that exports have been flat, initially rising until 2005 but falling ever $imisds likely to

be a continuing trendue tostrong population dynamics and the greater domestic capital formation

resulting fromhigher oil prices Over that period gas liquids and condensates have risen from 10.3%

of total OPECIiquids production to 15.6%n some cases, reduced pressure above the ground allows

oil to be separated from wet gassimple separation containersot adling dramatically to the cast

In most cases however specialised equipment is necaéesaxtract the oil. ldat exchangers are used

to lower the temperature and pressure whilst atslime stage using a centrifuge. As liquid natural

gas and condensatescbme an ever larger shapef OPECSH s , and indeed the gl o
will add to the energy cost of extraction.

One of the areas thdifferentiateviews on peak oiis the Arctic wherereserveareestimatedas high

as3 0% of t he waed lgad @rsd 13%nofl its sirdiscovered adcording to the United

States Geological SurvelySGS) which is based ora combination of public and private sector

researchGiven that guipment and workerwill have to cope with temperatures falling below nsinu

40 degrees Celsiuslangerous levels of ice builgp on ships and rigand darkness through months

of the yearputting workers under extreme psychological conditi@swell as moving ice that can

crush and capsize normal rigs, the very fact that eapitm is being considered highlights the lack of

opportunities elsewher&ven the USGS concludes that these estimates do not account for economic

or technologi cal ri sks, ilso a substanti al fraction
bepoducedo. A Financi al T i rhighdightédr theiintelnational tenergyn e  end ¢
consultants Wood Mackenzie believe that technological constraints means that remote gas will not be

tapped until 2050 and that the Arctic should b@ viewed as amategic energy source.

As | have already mentionedhe decline rate of production from existing fields is 6.7% per annum
according to the International Energy AgenByery 21 months, new production the equivalent of
Saudi Arabia needito be foundandbrought on streamOver 4 Y2 years, production equivalent to the
whol e of the Middl doberaptatedAs bigeffitieptdidlds ave réplacedvétle d
smaller less productive ones, the decline rate will accelerate, and more wells and euipinbe
required. As the EROIE falls, so gross production has to rise to maintain the same netifsapply.
suggest, the global EROIE falls from 20 today to 5 over the next 10 years, then to maintain the same
net supply of oil, the gross supplysi rise by 18.75%In other words, simply to adjust for the
decline in efficiency of energy extraction, new production equivalent to 108% of the United States and
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Canadads c o miboutpuewdl need to hedolindEstimatesof globalreserveto-production

ratios will needlowering accordingly. Experience from Mexico indicates that following enhanced
recovery techniques, when peak production does eventually come to a field, the subsequent decline
can be significantly more aggressive than would othesr\oe the case such that even the IEA forecast
decline rate may be optimistic.

Twenty fourpercent of all the oil ever produced was consunetadiden 200 and 20091f you add in
substitutes such as gas liquids which accounted for 11% of the total intB8Q&rcentage is even
higher. It is being cosumed at an unprecedented r#tethe average rate of growth obnsumption

of the last 10 yearshearing in mind that period suffered a deep recessipr?015 the net liquids
market will be 10% higher thait is today. Assuming the EROIE has fallen from 20 to 10 over that
period, gross energy production will have to riselBy1% to meet those needs. With a constant 6.7%
per annum decay rate, new production equivalenb4d% o f todaybdés ooungput needs
between 2010 and 2016r an annual increase ®07®%6. With productionexceeéhg discoveries every

year since 1984and by an increasingpargin it seemamostlikely this can only be achieved through
applying new technologtp existing fieldsand thraving evermore capital at the problems with the

Soviet Union, the order of magnitude of investment required risks starving other industries of capital,
gradually eroding productivity and undermining their ability to support the oil industry.

The scaleof the investment required to achieve thil be monumental, and will therefore require
prices to be significantly higher than they are todde United States of America was the first major

oil producer to go through peak production in December 197énvoil was fluctuating between $1

and $2bbl. The first oil shock lifted the price to $12bbl in 1973. It then continued on upwards to $17
bbl in 1978 and $40bbl after the Iranian revolution and the start of the Iran/Iraq war. This price rise
was necessaryp allow such projects as Alaskan oil and North Sea oil to become viable and to offset
the declines from t he 0 Lhotwgears |ated pr&tction &mndothatimed fr om |
North Sea and Alaska are now in terminal decline. Falling output #oma s grimérg field
Prudhoe Bay cannot be offset with ingses in the surrounding fieldEhe British half of the North

Sea production has declined 59.246 from its 1999 high of 2.9m bpd despite a surge in spending
back to the hi g@Nswegah half bf the NoahBSeadexperieficéd geakluction in

2001 at 3.4mbpd and is now down Z8 Combined North Seautputis down by 2.5mbpd from its

peak whilst domestic consumption is down just 112,000bpd leaving exports down 2.4mObpd.
pricesclearly need to rise sufficiently to make the necessary capital spending walide@g nonsense

of the idea of speculators inflating a bubble

Since 2005 when conventional oil productiepmpearso have peaked, the main increase offsetting the
declines m Saudi Arabia, Norway, the USA, Mexico and Nigeria etc have come from Russia and the
former Soviet Union,bringing back production that was uncompetitive in Soviet timeggiiring

higher prices and new capital to supportWhilst production is very highreserve to production

ratios are very low suggesting that the fields would be completely exhausted within 20 years at the
present run rateBoth the vice president ofUKOIL and the former head of TNRBP havewarned to

expect a steady decline in outplthe government had to grant tax breaks to producers to encourage
development in remote areas to try and offset the declines from the aging giant fields as the marginal
return on investment was collapsing. Third generation figtd&to be drilled to mairgin output, but

with the average field sizast 15 million barrelsthe marginal wll productivity has collapsed.

American wells that hagreviouslybeen abandoned have also been brought back télifest nine

hundred thousand barrels per day, or 6% US o | production now comes f
wells deploying pump jacks or nodding donkeys to produce an average of just 2.2 barrels per day. Of

these 35.1% produce no more than 1lbpd and 78.7% produce less than 10 bpd
(http://www.theoildrum.com/node/79%7The fact that a well producing less than 1lbpd is viable

speaks volumes about the rising cost of world production.
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peak oil is not a problem, why have marginal fuels like tar sands, natural gas liquids and ethanol

become such a large proportioh supply?Why are fields that have previously been abandoned as
uneconomic, now giving us most of our growth in supplié¥y is there any consideration being
given toturning shale intwil which consumgas much if not more energy thaih produce, and why

is the inhospitable Arctic oil seen as the main area of optimistmPis oil being replaced by coal, a
far inferior and more polluting energy source, as our primary fupbsition it has not occupied since

t he e ar?Whilsttheré ié & genal campaign of denial of peak oil, can sufficieapital really

be created toontinue offsettinghe decline in the geological productivity?
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Chapter 3

Coal 6s | ast hurr ah.

Having looked forward to dong andpeaceful retirement, coas outliving its offspring andbeing
dragged back, coughing and spluttering, to do the heavy lifting

Despite its superior qualities, oil productitas fallen as a percentage of the world energy mix since
peakinginte mi d 19706s. The relative cost has exceeded
transport where no other fuel can presently act as a substilté!st this in no way indicates peak

production, it does suggest thaferior fuels now have a bett cost to value ratio than ols we will

find out later in the book, the value of any fuel is a measure of the work it can dyp,ascepting

lesser fuels more has to be burneddtothe same workThe productivity of our energy supply is

decreasing athwith that the overall cost is risingotal energy production has continued to increase

but the mix has been deterioratirigespite all the concerns expressed by environmentalists about

dirty fuels, at the present relative rate of growth King Coal vétiain its throne as the primary

energy source in 2012/2013, a position it | ost in

This does not mean a return to steam engines as unfortunately coal is facing similar problems to oil.

In 2006 US President George W Bustade one of hisharacteristic blunders. Touting US energy

independence hboasedi Do you realise we have 206f@ourseihel i on yea
meant 250 years, but the reality is more like 25 years. The US Energy Information Administration

data he was referrintp was based off a 1974 survey by just 1 person, Paul Averitt, which itself was

based off data provided in a 1909 survey by two g
detailed surveys by the United States Geological Survey (USGS)hbacluded thaonly about 30%

of the reserve base potentially mineable. A 1989 survey by the US Bureau of Mines warned that

only 5%- 20% of the original coal reservese available economically. Between 2002 and 2009 the

USGS downgraded the coal reserves of théet fields in Wyomingaccounting for 37% of total US

production, from 20.87bn metric tons to just 9.16Nevertheless the US is expected to become the

worl déds | argest coal exporter over the next few ye:

Coal reserves have to adjust for lande reSictions, technological restrictions and economic
restrictions. It is virtually impossible to recover every available ton of gaetlcularly f the reserves
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are beneath cities that cannot be moved or under areas of natural beauty that the governénent won

allow disturbed. Perhaps the seams are too thin to mine, or are in areas close t@foitdirbject to

subsidenceor simply that the quality of the coal and the costs associated with its extraction means it

is no longer a source of energy but etla sink. Underground mining can have high processing

losses of 25% or more as pillars of coal have to be left behind to support the mine. Streitgirhyg

coal to remove rockgartingsand other impuritiesdilute the net energy from the coal as dties
extensive washing necessary to | ower the sulphur ¢
from the CARS(coal availability and recovery studiesyaluations is the fact that the amount of

economically recoverable resources for all the aremtuated represents only a relatively small

fraction (4 percent to 2Rercent) of the original resources. This result stresses the need to use coal
resource terminology <carefully, avoiding t he use
recoverableresor ces 0 i nterchangeably.

Bringing back previously abandoned mines is extremely expensive. All the supports, infrastructure
and capital equipment need to be replaced to ensure sufficient margins of safety. When the mine was
new this cost would have beensulibuted over the much larger and presumably higher quality
reserves that have since been extracted, whereas now it has to be paid for by thecoadithualas

not economic to extract when it was in full operational order, it can only be ecorawhaicif other
competingmines have deteriorated eviemther.

The sad reality is that the United States went through peak coal production in terms of energy back in
1998 at 598.4 million tonnes of oil equivalent (Mtoe) according to
http://www.energywatchgroup.org/fileadmin/global/pdf/EWG_Report CoaD7AR007ms.pdf -

(603.2 Mtoe according to BP World Energy Statistigdhilst total coal production hdseen steadily

rising by about 20 million tons per annum since 1960, the higher energy content Anthracite and
Bituminous coals peaked in 1950 and 1990 respectively. The high grade coals have increasingly had
to be compensated for with lower quality Subbitnous and low quality Lignite coals. The volumes

that need to béurned to generate the same heat value are 2094204 more respectively. That
means more needs to be mined and transported. When adjusting for the costs of making and running
the trains, tke net energy subsidy from the coal falls still further. Whilst US coal exports have been
fairly consistent on a tonnage basis, on a net energy basis they are down almost 90% freith1980

the exception of 2008 and 2009 when weak domestic demand due rtecdssion freed up some
production for exportincreased safety measures in response to recent disasters will also reduce the
productivity and negatively affect output.
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Coal production in USA
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Coal: Resources and Future Production
Energy Watch Group
The average heatvalueBfi t umi nous Coal is 12,750 Btuds p
some 21% higher than Stituminous (10500 Btlb), which is itself,
75% higher energy content than Lignite (6,000 Bit)/ Anthracite
has by far the most energy contesiinilar to oil at around 21,000 Btll..

According to the USGS, since 19#etAppalachian and lllinois Bagi prodution has fallen from

85%- 90% of US coal annually to about 43&aay Over the last 2 centuries a large proportion of the

coal has comdrom relativelyfew counties in southvestern Pennsylvania, northern and southern
West Virginia, eastern Kentucky and Virginia. Many of these counties are now decades past their
years of peak production, and several are almost depleted of economic deposits Gentrall.
Appalachian productiofell 20% between 1997 and 2007 and further aggressive falls are expected as
high grade surface coals are gradually exhausted, only to be replaced by lower quality and deeper
seams that need more workers and capital to extract.

As a mine goes deeper, piisportionately more rock and earth needs to be removed to safely access
the seams. Greater amounts of fixed capital are required to secure the mine, needing oversight from
moreengineers and monitoring systems. Operationally, the deeper it goes thethgtemperature

rises, requiring more ventilation. More pumps or more powerful pumps will be needed to extract the
same amount of water from the mine. More operational staff are required. Overall, expenditure grows
in excess of depth.

lllinois Basin co& production is down because regulations priced out the $ugphur cal, some of

which is now exportedhowever with40 new coal power plants coming on stream in the next few
years, the likelihood is that the US wilave to relax its clean air rules aadcept higher sulphur
coals perhaps forcing power generators to install scrubbers on existing power pkhising
efficiency. Alternatively it can burn low sulphur coals from the Powder River Basin, but these are also
low energy coals and thereforevatve burning greater volumes to get the same hEaé idea
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thereforethat the US could divert 40% of its coal outpatcoatto-liquid technology to produce just
10% of its oil needs is quite frankly laughable.

It is very clear that the US has alreaulffered peak production of high quality coal, avil have to
accept either lower energy, or higher sulphur coal to meet its neider way, as the EROIE falls
and morecoal has to be burdeo access the same net energy, the estimates of coal sesdiveve
to be lowered accordingly.

Whilst the US has the largest coal reserves in the world, China is by far the largest producer,
depleting its reserves at an aggressive pace. Chinese domestic coal production is expected to have
peaked by 2015. Thehart below from the Energy Watch Group, using US EIA data, suggested that
production would peak at about 2.5bn tonnes around 2015 before falling. This has proved too
pessimistic, however in early 2009 the Chinese Ministry of Land and Resources saithdiiatipn

would peak at about 3.3 billion tonnes in 2015.

Coal production in China
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Coal: Resources and Future Production
Energy Watch Group

At the time, the forecast equated to production growth halving to about 4.8% per annum before
stagnating. The only way it would beogsible to maintain 9% or 10% economic growth in that

environment was for imports to soar, which is exactly what happened. From exporting 4.6m tonnes in

2008 China imported 104.25m tonnes in 2009. Eight months into 2010, its imports are annualising at

141m tonnes, equivalent of 4.7% of domestic production, which combined with domestic growth

should enable the economy to expand at tarye6.0% pa domestic production growth,is now

estimated thaC h i n a 6 soal geseavesdllcbe exhausted ifjust 21years.The latest 5 year plan

for the period 2012015 is slightly more optimistic suggesting production will peak at between 3.5bn

and 3.8bn tonnes by 2015, leaving a shortfall of 400m to 700m tonnes against the planned
consumption of 4.2bn tonneBvenCh i nadés Nati onal Devel opment Reform
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told provincial governments to lower their growth targets as there is no longer thentted or
energy resources available to support double digit economic growth.

Haizhou Mine, the largest opeast coal mine in Asia was declared resource bankrupt in Zadae

of Chinabés mines ar e anditsreserges arsestnbated3i®nvd to a6O@Q meges d e e p
deep,which for a bulk commodity such as coal adds heavily to the expense, nah leastan cost as

7 miners die every day on average down its mikéish traditional resources being depleted, Inner
Mongolia and Xinjiang are increasingly seen as the key domestic areas such that in July 2010 the
National Development Reform Commission annced a CNY682bn (USD100.8bn) stimulus plan to
develop their reserves. Despite it being very low energy coal at around 4500 calories per tonne and
having to be transported over desert, the Inner Mongolian coal is expected to reach 25% of the
c ount rlyo@tgut by aolswith insufficient local water supplies, desalination plants will be
required according tche regional Xilingol governmentowering the net energy available from the

coal still further. Xinjiang coal is much better quality, but at a diste of 3000 kilometres from
Beijing, transporting the lankbcked coal will significantly reduce the net energy reserves; power
transmission for example loses about 10% of the energy every 1000 kilometres. The third area to
benefit from the stimulus plais Tibet which will provide the resources necessary for extracting and
transporting the coal.

Despite being the worl dés | i@portsensre thap % ofuworkd r of Coa
production, equivalent tover 20% ofall coal tradednternationaly. India t h e wd™rlargdsd s 4
producer anticipates the need to import 100m tonn&0id/11 up 22% yly according to the coal
industry regulatorlt estimates that codired power capacity being added over the next 5 years
amounts to 62.68GW requignan additional 313m tonnes of coal against the 100m tonnes Coal India
says it can produce domestically. That could result in 42GW of strgyadest capacity equivalent to

17. 8% of | Addirig ahis 213 ¢tohnad of annual coal imports over the fiegtyears
together with Chi ndaidoutidits8 year tplan requisé fumg i woridecsal
production of between 8.4% and 12.566 a near doubling of internationally traded codlisTieaves

the United States anustralia as the onltwo of the bp 4 producesglobally that arealso exportes.

The top 4 produceraccouning for 74.3% of global productiomill collectively be asmall net
importer by 2011 competing with other big economies such as Germany, Japan, South Korea and
Britain for coal imports.

South Africa, Indonesia and Australia have all launched heavy rail and port infrastructure
programmes to enable production to be stepped up, but even China recognises that there is no way

that these countries will be able to meeti¢égds. In return for a USD6bn loan, Russia has agreed to

boost supplies from 12m tonnes to 15m by 2015 and 20m thereafter, but again the huge distances

involved will reduce the net energy to a minimum. Both China and India also need to invest heavily

in infrastructure to allow imports to be unloaded and transported inland, opening up clogged arteries,

whether they are road, rail or power transmission lieb.i nabés Mini stry of Rai | we
AWhil e the country has wit sircethecodeningpaolity|literailldvaygyi t econ
grewonlyabout 1% et ween 1978 and 20040. Al t hough there ar ¢
network, which already stretches to 86,000 kilometres, most of the work involves high speed rail links
whichcanonlyb used for passenger s. AThe extra cargo cap
become redundant due to upgraded passenger service:

In a new study published in the international journal Energy, two American professors Tadeusz
Patzek and Gregory Ctasuggest that like the United States of America, the energy content of South
African coal peaked in 2007 although volumes continue to rise. This is supported by the utility Eskom
which briefed parliament early in 2010 that it was losing 1GW of power daglbecause of the poor
quality coal it was being supplied. David Rutledge, a professor at the California Institute of
Technology forecasts production to peak in 2011 at 253m tonnes vs 242mOinv20lst geologist

Chris Hartnaly, in a paper to be pubfied in the South African Journal of Science forecasts peak
production not until 2020 at 285m tons. These later two forecasts are just talking tonnage and
therefore may still be consistent with the energy content falling-ebruary 2011 the South African
Mining Minister said action would be taken to ensure domestic coal needs are prioritised over exports
as Eskomfaces serious challenges securing long term coal supplies as domestic consumers cannot
compete in a free market with the prices paid for exports
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Mongolia is starting to openp its reserves, however large investment in road and rail, as well as the
establishment of an industrial park to process the resources and keep as much of the value added
domestically, driving an expectedf@d increasen its economy over the next 10 years, will leave

little coal for export. Again the fact that it is landlocked, covered in desert and has vast distances to
cover means the cost of transport will take a large bite out of the net energy reserves. Mauoey is al
being poured into Mozambique by both India and Australia to develop its small reserves, but once
again the need to build the infrastructure necessary to extract the coal means that a large proportion of
the value added will remain within the countryeltdeaving less energy for export.

Vietnam has said that its exports will slow from 25m tonnes in 2009 to 18m in 2010 as domestic
production falls. It expects to turn a net importer by 2012. Its top mining company Vinacomin has
started to mine coal ireast Siberia, and is carrying out exploration in Laos and Cambodia.

I ndonesiads production has risen by 14% per annum
ratio ha fallen from 68 years to just7lyears over that period. As it builds 10 GW of ngewer

plants, domestic consumption is expected to double over the next couple of years, reducing the amount
available for exports. In 2008 the Indonesian energy ministry even suggested that it would ask for
royalty payments from the coal mines in coal emtthan cash as a way of ensuring that production
remains available for domestic use. Similarly Indonesian producers have demanded equity stakes in
Indian power producers for long term supply contracts, thus transferring more of the value added back
to Indonesia.

Since 1868underground coal gasification (UCG) has been experimented with. Rather than mining
deep seamswells are drilled and oxygen or air injected to burn the coal underground and convert it
into gas which is then brought to the surface uigtoa second wellThe gas is thensed ina power

plant. High pressure combustion decomposes the coal and generates carbon dioxide, hydrogen, carbon
monoxide and small quantities of methane and hydrogen sulphide. The pace of the burn and
extraction is cotrolled by the injection of oxidants. Initial hydfoacturing is necessary to open up
internal pathways in the coal to allow the oxidants and residual gases tdUiial@rground coal
gasification allows access to coal resources that are not economieallyerable by other
technologies; seams that are too deep, too thin or too low ade studies do suggest efficiency of
UCG and combined gas cycle turbine of up to 43% which would be better than puhaoédided

stations, although there are enwinoental costs. The size of the cavity left behind cannot be
controlled in the same way as with traditional mining, opening up the risk of much greater
subsidence. Similarly the high pressure combustion can force contaminants including the carcinogen
benzem into potable groundwater. Whatever the efficiemcygl the costthis technology does offer an
extension to available fossil fuehttp://www.energybulletin.net/node/1190duggests that there are 3
trillion tons of <coal under the North Sea off the
and recoverable world reservéhis would have to be exploited using UCG technology buttfer
momentit is not availablefor under water exploitatignand the concerns over the scale of carbon
dioxide release are simply too high make itpolitically viable. Smilar obstacles were eventually
overcome with North Sea diying the ground work for drillingt vastly greater deptted in more
inhospitablenaters around the world.

As becomes more obvious later in the book, it Wéessterndemand forenergyt h a t drove Chi nat¢
growth over the last 20 years, not the other way around. With China now reliant on imports of coal to

sustain its economyt will passthe baton of economic growth elsewhere to places like Mongolia,

Australia and Indonesia. Capital seeks out the highest return, but with higher quality coals exhausted,

it has to keep chasing the EROIE lower, shifting growth to wherever the marginak.chabking

back at the history of coal, this was highlighted as far back as 1863 by the British industrialist Sir

William Armstrong who predicted that Britain would lose its dominant position in the world because

her coal seams were getting deeperandracxepensi ve t o exploit than those
is clear that long before exhaustion, as coal has to be lifted greater and greater depths that the US will

be working more accessible beds at a smaller cost and will be able to displace thefEmgleskery

mar ket €. The question is not how I ong our coal wild/l
how long will those particular coal seams last which yield coal of quality and at a price to enable this
country to maintain her present supacy in manufacturing industy. (The <coal guestio

Stanley Jevons. Dodo Press).
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Over the following years Britain maintained its standard of living by selling technology to the United
States. Once that was exhausted, it ran up large debts, elyenéxahg the British Empire to
breaking point. Similar aspects are clearly visible today with the US selling technology to China,
building up large debts, and having the dollar standard gradually challenged.

UK primary energy production
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British coal production didnot peak unti.l 1913, a
to the high quality US coabDespite miners being paid much lower wages in China, energy for energy,

domestic coal prices now trade at about a 30% premium to Australian coal before adjusting for
transport costs. Whilst domestic production may continue to grow, it seems likely that the premium to
international prices will continue to widen. Chinese demantwwsitioubtedly lift international coal

prices, but the scale of the market is simply not big enough to meet its growing Iméedsational

trade in coalhas remained relatively small due to thigh costs of transparig bulky low quality

energy and as Hat quality deterioratestill further, sothis will put big importers at an increasing

di sadvantage to domestic industry. With Chinads
price of international coal, its competitiveness will graduallyesuff i n t he same way t hat
100 years before. Its cost of energy will rise relative to the rest of the world and the energy network

will gradually migrate to those countries enjoying the cost advardageeir own coal suppliesn

order to offet the deteriorating quality of domestic coal production and maintain the same net supply

of energy, the gross production will have to increase still further making its economy more energy
intensive and therefore less competiti@hina will have no choicbut to sell down the capital it has

accumulated over the last few years in order to maintain its standard of living.

Both detailed field analysis and fitting curves to production profile data suggests that global

production will peak around 20Xhd then plateau to 2040 before declining should nohoweverbe

vol ume that interests us. I't shouldndt even be gr ¢
States case &98.4million tonnes of oil equivalent (12.1m barrels per day), but rathen¢henergy

after adjusting for higher extraction and transport cdstsing said at the start of the chapter that

coal is set to regain its position as the dominant energy source by 2012{201®t the fact that it is

a dirtier and inferior fuel thaghould be our main concern, but rather thegtcost of extraction and

turning it into useful work is rising, and timet supply of energsnayalso be peaking.

Chapter 4
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Unconventional Gas and Thorium Fission. Game Changers or
Unsubstantiated Hype?

One hundred years of gasippliesand 100 years of nuclear fissionééa
bottom of the garden

The third primary fuel that has to be examined is natural @asventional production was suffering

similar fate to both oil andoal, only perhaps more so. Anyone who has opened a bottle of champagne

knows that gas moves of its own accord to the area of least pressure. Drill a hole in the ground and the

gas will escape very quickly until the pressure in the well is similar to thespheric pressure

outside. Valves obviously control the supply, but economics mean that it is preferable to recover the

gas, and therefore get a return on capital, as quickly as posHitifeis particularly the case at the

moment given the needtosesve | ar ge amounts of d €he raceaathet he pr od
lower EROIE reserves hdsereforebeen faster than with other fuels.

In the United States well productivitfell nearly 75% fron 1991 to 2007. The production per foot
drilled fell even fater, such that the EROIE of conventional gas resevas®xpected to fall below

one in the near futer Technology that allowed shale gas resetedse developed halted and reversed
some of the decline in 2008, although by August 2010 slightly morehal&iof that improvemenin

well productivity had been given back. Just as the method of extraction is somewhat different to
conventional gas, so too are the economics. A process known as hydraulic fracturing is required to
free the gas from the ngporows shale. Several million gallons of watar,combination with various
pollutants is pumped into the well under high pressure from one central drilling point, causing the
rock to crack or fracture. The water then needs to be disposed of in retention@ooelshe gas has

been collected, the process is repeated penetrdgieger and deeper into the field through previously
made fracturesWith each successive attempt, the cavern into which the water is pumped will increase
in size and therefore, with thressure spread out over a larger surface area, the amount of shale that
will be fractured will deteriorate. The gas also vacates into an area which now has a similar pressure
to the external atmosphere such that the yield falls rapidly with each neturéaBy year 2
production rates have normally fallen byand80%and continue to tail offEach successive fracture
yields lower and lower returns, rapidigpressinghe EROIE and the economics of the fidfdr the

gas company, the initial producti@nd return on capital makes a lot of sense, but as the yield falls
the operational expense becomes harder to jusfign becoming negative cash flow after only 4 or 5
years. Both the economic and net energy lifespan of the field is redacetimost ofhe reserves are

left uneconomic to recoveWithout some mechanisto offsetthis decline in EROIE, the net reserves

will only be a fraction of the gross figures officials are toutidg. with all commodities, the best
reserves are exploited first. Lowgermeability and porosity means more fracturing required per unit

of output, and consequently significantly lower returns.

The annual decline rate of all US gas wells has been estimated at 32% according to th&/illeport

Natural Gas Fuel America in th@1™ century?i (http://www.postcarbon.org/report/33190ll -
naturatgasfuel-americain). Every year, just to stand still, new production equivalent t&§' bf3

outstanding productiomasto be brought on streanthesapeake Energy has estimated that as of the

year end 2007 nearly half of US production came from wells drilled in theegiregthree years.

There are now more than half a million producing gas wellsénUnited States. The decline rate of

production of shale gas isand three times that of conventional gas and with wells spaced no more

than 40 to 80 acres apart compared with 160 for conventional gas, the rig countsevill
exponentially Defending tle shale gas industry, Chesapeake themselves said in June 2011 the
industry had created more than half a million new jobs in the preceding 7 years, which although
presented as a positive is indicative of the declining well productivity of the industryaudigdr

fracturing is thirsty work requiring between 2 million and 8 million gallons per well, both draining

available supplies of water and requiring safe storage and disBosaj. ui r i ng fAhundreds of
for each well to move the drilling rig, staya tanks, water proppant, chemicals, compressors, and
other equipmentodo, the operational costs soon mount
declines.
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In the mid 199006s well productivity alished spi ked
downward trend.The centuries old miningazard of Coal Bed Methan@g€BM) was seen as
significant new clean energy source. With 800 trillmmic feet of reserves and tax credits given by

the US government, this was seen as the fuel of the falthreugh today only 300 tcf are seen as
technically recoverable and 100 tcf are considered economically recoverable. As with shale, fresh
water is used to fracture the coal, whilst underground aquifers are pawpgdrom the well borto

relieve the presure that is keeping thgascontained within the coahllowing it to flow via the well

to the surface.The aquifer has to be continually pumped to avmdharge andhe pressure
rebuilding sealingin the gas.The scale of the water discharge is siguaifit, and suffering heavy
concentrations of sodium chloride, magnesium, sulphate and boron, it cannot be used safely on the
land or alloved to get into the water table, and therefore must either be treated, stored in holding
ponds or pumped back undergrdumaking it an expensive proce¥ghilst the British canalslug a

the start of the industrial revolutiallowed coal to be transported, they also performed a second role

of disposing of thevast quantities ofaline water The barges were effectivelyofited on the mined

water. Just like shale gas which owadot ofits technology to coal bed methane, the production rate
collapsesby around 806 within the first year and continues to fall thereaftddsing sand and other
chemicals to wedge the fracturepen does increase tliitial productionand therefore deliver a
higher cumulative outpuhowever that increas®l happens within the first two to three months and
within 10 months or so, the flow rate is no better than without the chenfitale tebinologyhas its
grounding in coal bed methane, and there is nothing at the moment that would suggest any different
outcome. In 2008 CBM accounted for 8.6% of US naturalageéigut but with production typically
peaking at around 300,000 cubic feet per day suffering this large decline, well productivity is
extremely low and costs are therefore high.

US gas production has been fairly static since the
19706s. Rapi d accel er ahasiofiset ddclimes & frcanvertiongl aaguralpgaso d uct i o
extraction.The EIA forecasts how US domestic gas production as fst
meeting tepid gr owt h Shalagadwilnrecreage fronh 23% of@8 nairdl ds o

production n 2010 to 46% by 203but that will only be sufficient to support a 0.8% growth in total

gas output over that period (http://resourceinsights.blogspot.com/2002/whenbelieversstop

believing.htm). Production has remaineat thehigh end of its rangealespitelow pricesand poor

profitability as producerbaveneeadto service their debtdowever vith the EROIE declining with

each successive fractymperdional costs are soaringnd cash flow declining sudhat production

will gradually be scaled back until prices rigecase study of the Haynesville shale in Texas shows

actual drilling costs have been 40%0% higher than initial expectations with cdklw significantly

below forecasts even after adjusting foe low prices Only 10% of wells are economic at prices of

around USD4.00 McfEarly entrants into the shale gas aranaseliing their reservest discounts to

the pricepaid to reduce theirabt, whilst thebuyers are the giants of the energy industry with the

balance sheet and cash flow to stay in the gamtiéthe prices rise.

The second main source of gas is liquid natural gas or LNG. This is conventional natural gas, but it is
sufficient distance from its potential market that the economics of transporting it via a special tanker
is better than through pipes. The gas is first cleaned of water, carbon dioxide and other impurities that
would freeze in the process. It is then taken dowa temperature of abot®60 degrees Fahrenheit

or -162 degrees Celsius to reduce its volume to around "1/6D@s normal levelto turn it into a

liquid. It can then be transported by special tankergs liquid form before being unloaded and
allowed b return to its gaseous state. About 25% of the energy is lost in the freezing and transporting
process, increasing the cost and reducing the net reseN@&snow constitutes around 30% of all
internationally traded gas, highlighting just how stressedsifstems must be if this is the most
economic supply availabld=LNG or floating liquid natural gaswhere the LNG is drilled and
processed offshores also now required to mostfiefently meet our energy needs. The US is
exploring the possibility of ligefying shale gas for export whilst Australia is considering the
economics of doing the same with coal bed methAaealescribed later in the book, this requires ever
larger amounts of technology and capital to be deployed, requiring large amounts gfientbe

initial construction and then operational phase.
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These unconventional methods of gas extraction and delivery are now main, sbpsarng up
production from all corners of the worldhe fact that we need to use theonfirms that the
traditional sources are unable to meet our needs, or at least are unable to meet them as economically
as these very resource intensive reserves. Most worrying of all is that whilsf SBMeand LNG

account for increasg proportions of our gas and total enemgpduction portfolio by ther very

nature the net reserves will fall at an acceleraseland thecapital intensity of production will rise
accordingly. The mduction profile will see arapid rise offsetting the decay in conventional gas
production andjiving thefalseimpression of security of supply, followed by aarly peak and rapid

decline.

Gas liquids technology described in the previous chaptesnsnonly known as Condensates as it is

just separating oil f r oento t@n cledn unaturadl gas irgoaadiqiicGast i s al s o
to Liquid or GTL)- via a route known as the FischBropsch process. At a temperature between 150

& 300 degrees Celsiumnd at pressusebetween 1 and 10 atmospheehaltcan be used ascatalyst

for achemical reactiorwhich combinesnethane from natural gas with oxygen to form a combination

of carbon dioxide, hydrogen and carbon monoxide. This can then be refined into gaBb#ne.

process of upgrading the energy density consumes around 55% of thg emailgble. This is

somewhat better than cettliquids where the gradient of the upgrade is slightly steeper, but it is still

a high price to pay. The resultant fuel also has 27.5% less BTU per barrel than oil so to arrive at the

same net energy contesi$ gasoline, just over 67% of the energy has to be used in the upgrade. Until

now the high energy cost has meant production has been limitedhe largest such plarthe Petro

SA GTL plantin South Africaproduéng 22,000 barrels per day (bpd) follodvdy Ske | | 6 s Bi nt ul u
facility in Malaysia produéng 14,700 Ipd, howeverwith desperate times calling for desperate

measures, Qatar is investing in the Pearl GTL faciliith a capacity of 140,000pbl. With high

EROIE gas reserves and a transport fuelitigaeit a premium, this 67% losan be justifiechowever

as the EROIE of the gas production falls the economics of the conversidmewsline prohibitively

expensive as South Africa is already finding dis. GTL plant is fed from a gas platform 100

kilometres out to sehut thisis expected to be exhaustbd 2013leaving deep water exploration

beyondthe continental shelf around the Southern Ghpeonly potential source of supply.

As far as nuclear fission goes it is a similar story. Only one isptd@85 is fissile such that at
sufficient concentrations, the natural slow neutron fission can start a chain re&at2iHonly
accounts for about 02% of all natural or crude uraniunand at the present consumption rate, the ore
grades will be depletedufficiently that the EROIE falls below 1 in the next 20 to 30 years. At the
moment only Canada can boast reserves where the ore grade is greater than 1%. This means having to
dig, crush and extract through various processes 100 tonnes of rock to dettgnste ofnatural
uranium More than 2/3rds of the uranium stock has ore grades less than 0.1%. This will result in a
declining net energy return to fission up to about 2030 when the remaining ore grades fall below
0.02% and the EROIE falls below breakev&)235 isotopes areoncentrated in enrichaganiumin

a centrifuge, but there are hopes that laser technology will allow the process to happen more
efficiently and therefore allow lower grade ores to be recovered sufficiently to generate a positive net
energy. The technology is expected to lead to a 20% efficiency gain; however it is also recognised as
getting close to the theoretical limit and therefore the end of the game.

Thefissile qualityof U235 makes itnaturallyrare and only found in smalbncentrations or low ore
grades, so the idea that there are large deposits waiting to be discovereditthalanse.Since

1993, under the Highly Enriched Uranium Agreement (HRUssiahas been selling uranium from
decommissioned weapons through a ootism of companies whbh help convert the weapons grade
uranium to a lower grade suitable foower generationThis supply deal o4 million pounds of
reactor quality uraniummwhich expires in 2013as accounted for around 16% of the total, bridging a
gap between supply and demand and keeping prices restrained. Wiibgts still have further
stocks, much of it is contaminated and requires additional processing, the capacity for which is simply
not available. Without these supplies the markdikedy to tighten very quickly, and swing to a
deficit of 7% by 2014.

Already in 2009 Indiabs Atomic Energy Commi ssion s

Corporation of India had fallen below 50% due to a shortage of uranium. The governmedt owne
Uranium Corporation of India was operating 5 underground mines and 1 open cast mine as well as
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two processing plants. It was optimistic that opening a further 5 mines would enable it to lift the load
factor to 55% by 2010 and 65% by 2012, however it faad any new reactors would have to come
with a guaranteed life time supply of enriched uranium from the country of import.

Every so often one of the newspapers will run a story that Thorium or Uranium 238 are the magic
bullets andthat there are suffient reserves to make nuclear power for a hundred years. There is only
one problem with this however; they are not fissile. They are fissionable, but not fissile. They need to
be put into a U235 breeder reactor to breedfistile Uranium 233 and Plutoaim 239. Fast neutrons

from the U235 reactor core partially convert the 4fisgile isotopes in a surrounding blanket of pipes

into fissile U233 or B239, adding to the chain reactiamd creating a fuel that can be used in a
second reactorThe reactors a&rboth more expensive to build and to operateey require a higher
enrichment of U235and thg createweapons gradplutoniumand have therefore been frowned upon.
Despite first being built i n the eamndeworldMi® 06 s, Il es
are breeders. Certainly they could extend the useful life of our U235 supplies; however there is no way
that the numbers of reactors comow be scaled up to a sufficient size to make any differamt¢iee

time remainingoefore our U235 supips are exhausted.

The conversioror breedingatio is the ratio ofthe new fissile nuclei formed over those consuntied

is highly dependent on the energy of the incident neutiBreeder reactartherefore neetb be run

at higher temperaturemmpaed with normal reactors, so have to be cooled by liquid meéthlits

better conductivity and lower neutr@isorptionrate.It needs a suitable melting and boiling point to

suit the operating temperature of the reactor, such thatigkeof boiling andlosing coolant is
reduced. Similarly it must not be corrosive to the structure of the reactor. Sodium best suits all these
criteria, but given that it ignites spontaneously with air and reacts violently with water producing
hydrogen gas, it also adds teetdangers and costs of a breeder reaBerause of these dangers the
sodium in the primary circuit is not used directly to make stéampower the generatqrinstead
favouring intermediate heat exchangers to a secondary cistiih obviously acts toweduce the
efficiency of the power planfTo-date the technology is not economically competitive to normal water
cooled reactors although that will change as uraniumligspiighten and of course if the technology

is developed The breeding ratiachievedhas been about 1i2(2.4 neutrons are produced per U235
fission of which 1 is used to sustain the reaction, 1.2 is used to turn the U238 into Pu239 and the
balance is lost due to inefficiencigsproducing enough excess fissile fuel over about 20 yedteel

a secondsimilar reactor.

Natural uranium consists of 0.72% U235 and 99.27% U238. In the enrichment process, each kilogram
of natural uranium is typically converted to 0.15kg of enriched uranium and 0.85kg of depleted
uranium. Around 73% of the 33 is captured in the enriched uranium, lifting its concentration to
3.5%, whilst reducing it in the depleted uranium to about 0.2%. The depleted uranium is typically
used in armour piercing shells for military purposes due to its dense nature. Thecefuahes a

useful life in a reactor of about 5 years during which tong about 5% of all the atoms fission. To

get a higher conversion ratihe hotter temperatures of a breeder reactor are regeitkdr from the

outset or to fission the removed st fuel fromwatercooled react@more completely.

For 30 years US government policy has bannedd¢brocessing of nuclear waste as both too costly
and too risky as it creates weapons grade plutorilthough France, Britain and Russeprocess a

smdl proportion of their wasteSpent fuel is dissolved in hot nitric acid which separates the waste
into 96% uranium1% plutonium and 3% highly radioactive waste. you would expect far more of

the fissile U235 has been consumed in the reactor leavingotheosition of thewvasteuranium
mainly U238 Only about 0.4% - 0.5% is U235 It also has small amounts of U232 whitieing a

high gamma emitter makes it difficult to handle, as well as U236 which is a neutron absorber
meaningthatto be used in a convianal reactor, the fuel has to be enriched from this lower base to a
level some 10% 20% more than is required for natural uranjumaking it about 3 to 4 times more
costly andunfortunatelytherefore,uneconomicThe presence of U232quiresradioactie shielding

and dedicated enrichment facilitiedlternatively the reprocessed low enriched uranium can be
blended with the plutonium to create Mixed Oxide or MO¥wever the processes involved create
radioactive dust. Some peoplksofearthe use of pltoniumwould lead to a higher proliferation risk.

The use of MOX changes the operation characteristics of a reactor, running hotter due to lower
thermal conductivityand therefore making it more suitable feast breeder reactovgth their liquid
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metal colant. Neverthelesabout 30 thermal reactors in Europave been modified and carse
MOX for about 30% of theifuel core at any one timé®f the total nuclear fuel used today MOX
provides just 2%.

There areproposals to use the greater energy feofusion reactofsee Chapter 12 Going Criticdt)

turn the waste fuel into useful energy. Whilst nave not yet achieved salfistaining fusion whereby

net energy is generated, thealgc of neutrons being releaseduld be sufficient to cause further
fission in the nuclear wast@owever scientists are not certain whether such a hybrid fusion fission
reactor would create net energy and therefore be a bridge until we do eventually have fusion energy or
whether it would simply beraenergy intensivevay d disposing of nuclear waste.

All reactors breed fuel; however the breeding ratios are low compared with machines typically
considered breeders. By increasing the U235 percentage enrichment, the fuel can last longer in the
reactor and therefore increagis efficiency. Current commercial power reactors have achieved
breeding ratios of roughly 0.55 however next generation designs should have breeding ratios of 0.7 to
0.8, improving their fuel economy by about 15%p to 1/3° of all electricity produced imur current

reactor fleet comes from bred fuel, and the industry is working steadily to increase that percentage
http://www.3rd1000.com/nuclear/nukel101g.ht@f course the energy required itdtially increase

the U235 enrichment percentagill weigh on the efficiency gain.

The success of fission has been limited due to insufficient investment and development, partly because
of the antinuclear movement and also because the high costinefiidient nature of the existing
underdeveloped technology compared with dlad government the foresight, the science would have
been significantly further advanced by now and the costs lower. As you will find out later in the book,
this is an orgoing theme of both government and the financial markets pandering to short term
profitability rather than long term productivithence the present situation of resource constaaitt

the low level of scientific and economic advancement we have becoméoatedgo.

As traditional fossil fuel resources are depleted, utilities worldwide are investing heavily in nuclear
fission, drawing down on the limited uranium reserves that much faster. China for example plans to
lift its nuclear production from 2% ofdtpower generation to 7% by 2020. Even the tiny oil emirate
Kuwait is said to be planning to build, or purchase 4 nuclear reactors as it suffers severe summer
power shortages. Every available fuel source is being utilised, and as the efficiency ofextaiist

so the energy and resource intensity of GDP rises. Both the increased logistics needed to extract the
resources and turn them into useful work, and the higher marginal propensity of energy intensive

consumption from bringing the resource inteesive mer gi ng mar ket s6 wor kf orce

add to a vicious circle.
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Chapter 5

Alternative Energy is no alternative.

Having consumed 100 million years of fossilised sunshine growing our economy to its presemt size
will now attempt tosustain and expand it further on nothing more than the annual stream of solar
power.God help us.

Green or alternative energy is widely seen as the future. It is not. It is the past. The world abandoned
biofuels, wind and solarqwer several hundred years ago, repladivgth greater quantities of much

better quality fossil fuels. China exhausted its supplies of timber 500 years ago and Siffeied
shortagedbefore the Industrial Revolution when our economies were a naatiofn of where they are

today. We are expected to believe that feeding grass to a tractor rather than a horse will allow us to
mai ntain our present l'iving standard, and the
already stresseilVe are bing taken for fools

http://www.theoildrum.com/node/6934ighlights two studies on small wind turbines. The first tested
12 machines in the very windy flat Dutch coastal province of Zeeland. Forty saeediameter

di v e

machines or two five diameter machines were requi.l

power consumption. For the average American the numbers would be three times bigger. In the
second study, twenty six turbines were tested in urlbaasathroughout the United Kingdom. Half

were attached to the facade or to the roof of single family dwellings and the others were attached to
the roofs of apartment buildings. On average, the turbines achieved an annual output of 78 kWh per
machine, jus0.85% of the capacity stated by the manufacturers. Stripping out the down time due to
technical problems, damage and maintenance, the efficiency jumped to 4.15%, but of course that is a
genuine cost that needs to be taken account of as does the eneugyambirsthe process of repairing

the machines which the survey did not adjust for and which would surely have lowered the efficiency
still further. The best performing machines had to be shut down because of noise pollution which was
an unexpected problerithe study also revealed that the clever electronics in the machines consumed
29 kWh of electricity per annum, reducing the efficiency down toQus%, and turning some of the
smaller wind turbines into energy sinks even before accounting for the ecasgyn the initial
building of the machine and its installatiofhe article points to a third report by the UK Carbon
Trust; SmaHscale wind energy:Policy insights and practical guidance which was prepared for
government policy makers, which says thtta¢ energy payback for small wind turbines in an urban
environment is always more than 20 years compared to the warranty of between 2 and 5 years.

Moving away from the Mickey Mouse to the large scale turbines and wind farms that are being rolled
out arour the world, the efficiency is generally thought to run at around 20% to 30% of stated name

plate capacity, althougtiatasuggest even these numbers are optimistic wi t h  f or exampl e

wind farms delivering just17.9% of capacityin 2002 Unfortunaely these numbers need to be
adjusted dramatically. Our energy consumption follows a regular pattern through the day whilst the
wind power doesndt di s cpeakmémaraltTaerebmay be @ muchpenark
generated during the night wherethb is little demand, as there is during the day. It needs to be stored
and then fed back into the system when the demand is there. Wind also varies minute by minute
which is no good to anyone. It varies through the seasons and over time there mayaetatgtve
variability.

Nameplate or rated capacity measures the maximum output of the turbine and is typically based off

Ge

and o

wind speeds around 15 metres per second or Force

gale, near gale), which covers trenge 13.9 17.1 metres per second or i3B8 miles per hour. The
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power available in the wind is proportional to the cube of the wind speed, so halve the wind speed to

what would be Force 4 |/ Force 5 (fimodkfaldot e br eeze
87.5%.0f the 20%- 30% of rated capacity actually produced, around half of that is generated in just

15% of the time, making variability and intermittency of power output a huge problem. To ensure

safety of equipment the turbines have variabtehpblades to feather the wind energy and restrict

output to the rated capacity, with complete-out at speeds aroun® 2 25 metres per second, giving

only avery narrow window of efficient operation.

In this excellent piece of research(http://www.theoildrum.com/node/66%1 Hannes Kunz of the
Institute for Integrated Economic Research (IIER) highlights that treaages of wind energy can be

made up of extended periods of above or below nolevals.Using 2009 wind data for the UK and
assuming a 20% market share for wind and an optimal geographic mix of the turbines in 50 locations
to collect the wind, the result was a cumulative power deficit as per the chart below. The storage
capacity neeed to compensate would be huge. Hannes pulls apart the idea that we could use the
batteries in electric cars to act as the storage, calculating that to bridge the largest supply gap in 2009
would have required 96.5m battery operated cars with 40kWh lesttedch fully available for
storage. Not only is that 3.4 times the size of the existing UK car fleet of 28.5m private vehicles, but
the implication is that none of those cars could be used for driving whilst they are acting as storage.

Cumulative Wind Power Output Surpluses and Gaps
U.K. simulation for 2009 with 20% wind share

~

TWh cumulative gap between demand and supply

© 1IER 2010 (Source: IER smulation based on BADC hourly wind data)
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http://www.theoildrum.com/node/6641

How do you therefore equate a variable supply with a steady demand? We simply could not be flexible
enough to adapt our lifestyles and economies to match the supply so we memtifyathe supply to

meet the demand. Our water system does exactly that. Variable rainfall is smoothed by being collected
across the land as a whole, gradually transferred to rivers, underground aquifers and reservoirs. It is
then distributed and stored the network of pipes and in our own hot and cold water tanks. The
waste water is then treated and cleaned and in some cases fed back into the system. As long as there is
energy, water can also be pumped across counties andastdtéfted from undergund storage. It

can also be cleaned, and if necessary sea water can be desdtinateathen water was being used as

an energy sourcén for example textile manufacturing, sluice gates and reservoirs were necessary to
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turn what would otherwise be a varia supply into a constant source of powecessary for the
loomsand other equipment to operate efficiently.

Storage for windpower would have to follow a similar route. The wind energy would have to be
converted into electricity, and that stored Vigdro if there is sufficient capacity, but otherwise
through one of several options, the most likely of which is through electrolysgitdydrogenand
oxygen from water. The hydrogemuld either be used to power fuel celilan internal combustion
enginesor power generators€Each of these processes is extremely energy intensive, such that the
round trip process woullbse around 80% of the ener@@imply smoothing the flow of energy into a
useable stream reduces the efficiency from 20390% down to4% - 6% of nameplate capacity
Maintenance, cleaning and general wear and teacaiise downtime and redugetput even further.

At the moment the percentage of our energy portfolio coming from wind is so small that the
variability does not need to be@unted for as any shortfalls can be brought on stream immediately
from fossil fuels, but the reduced efficiency associated with this variability will be a genuine hurdle
that needs to be overcome.

Denmark gets nearly 20% of its electric power from wimdbines, but due to the intermittency it sells

excess wind energy ®weden and Norway &UR0.35MWh and buyback hydro energy &UR120

I EUR150MWh making its electricity the most expensive in the developed world. Clearly this should

put the economytaa huge disadvantage to countries not using wind, however its dominance of the
international windturbine market means that other countries are effectively subsidisingower

industry. F o r a few weeks during the wi mtlemed doefto 2010, N
freezing riversf or ci ng both it and Denmark to turn to Ger m
meet its energy needs.

A modern turbine has a lifespan of aroundy2@rs.Annual maintenance castround 1.5% to 2% of

the original tubine cost so 30% to 40% in total throughout its lil@ffshorewind farms are more
expensive than onshgreequiring slightly more than double the initial investmeaithough the yield

is somewhat highethan somewhere of similar height inland wherewled is distorted by obstacles.
Offshore turbines suffer less fatigue from turbulence, but the corrosive nature of salt water and the
location means that the cost of maintenance is higher. At nameplate capacity, manufacturers suggest
energy breakeven irbaut 3 to 4 months which sounds incredibly attractive, however adjusting for the
maintenance cost and the fact that a lot of turbines will be out athsgawould be closer to 9.5
months.Given that the turbines operate at around 20% to 30% of captcityseduces the effective

life to between 4 & 6 years, giving an EROIE of about 7.5 which is the generally accepted figure, and
not to be sniggered .af however we adjust for theeed tesmooththe flow, then EROIE falls to about

1.26 which is pitfuland when we further adjust for the At ail «
by the construction workers, the EROIE falls even furthera fossil fuel constrained world, wind
energy can be a small part of an overall portfolio, but it can neverybeimgp more than a bipart.
Nevertheless it seems sensible to direct some of the existing fossil fuel output to the production of
turbineswhilst their EROIE is still relatively higlmather than simply using the fuel for yet another
useless consumer good.

The energy payback time of photovoltaic c€l&/) has been a very contentious issue for more than a

decade. Some studies claim that the energy used in the process of making the PV cell, will be equalled

by theenergycontent of the electric output witha few years of operation. Other studies cl#imay

will never return 100% of the energy input of tim@nufacturing, installation andaintenance of the

cell. This study - http://www.energybulletimet/node/17219 undertook a literature review to

determine the key assumptions and considerations included in the PV Life Cycle Analysis and
Embodied Energy analysis. It suggests the energy payback on a typical domestic sized rooftop grid is
approximatty 4 year s. iln addition, it was estimated th
have a much | onger energy payback periodo for the
roofs do not need frames and other structures built to house sitidrpthem.The article summarises

16 different studie. Eachgives a low estimate, which averages at 2.2 years and a high estimate of

7.653 years (overall average 4.92 year&everalof the studies make obvious mistakes such as only

considering the ektrical energy input and ignoring the lossesthe generation, conversion and
transmissionThey also fail to account for the silicon purification and crystallisapimcess as the

majority of silicon cells arenade from offspec material rejected byehmicroelectronicandustry,
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rather than including the process steps that make the pure silicon in the first place. If the scale of
production was increased significantly, then certain materials such as gallium arsenide used for
doping the silicon would ned to be mined specifically for the production process rather than as a
residual of aluminium mining and purificatiptherefore increasing energy costs dramatically.

The real problem however are that the studies make the same mistake as economisgt ahtheno

rest of wus. They ignore the ftail energieso requir
on which the silicon was transported, or the energy required to feed the workers who built the

machinery for the manufacture of the PV ceRather than infinitely regressing the hidden energy

inputs, the easiest way to calculate the total energy embodied in a product is to use its price, and on

this basis solar cells never break even. When we adjust for the need for storage, which ishexactly

same problems as with wind, it is very clear that solar is simply not up to thagjetith tar sands

and other alternative energy, the very best that ¢
fossil fuel feedstock can in some cases extéedifespan of the fossil fuel; in no way however can it

stand on its own.

Contrary to popular opinion, there has not been much improvement in solar power efficiency since the

1 9 5.0Tées history goes back to 183®hen the French physicist Antoht&esa Becquerel first

discovered the photovoltaic effeetith the first genuine solar cell built around 1883 by Charles Fritts
however it wasnot unt il 1954 when three American
energy conversion efficiency that became a feasible way of turning solar energy into electricity.

Today the efficiency levels have reached around 22% which is approaching the maximum theoretical
efficiency it will ever reach. fie ratio of electric power to the light incident on the etioverned by

the laws of physics, which give a theoretical maximum of around 26% for single spectrum cells. Solar
cells are effectively just LED6s (Il ight emitting d
one colour of visible light when erped to an electric charge depending on the material used in the
semiconductor, so a solar cell will only collect energy from one particular part of the light spectrum
depending on the material used. Most cells are based on Silicon which only reactéimitedapart

of the spectrum, hence the efficiency limit of 26#ficiency improvements have instead been in the

production process rather than in the actual conversion of solar energy.

A common mi sconception seems t o cdarebetapped tassumpti o
photovoltaic cells. This is not the case; the laws of thermodynamics are not so generous. In fact from

the energy perspective we should view Mooreds Law
power of new semiconductors every @®nths is not accompanied by a similar improvement in

energy efficiency.

More complex solar cells that effectively sandwich together semiconductors made of silicon, gallium

arsenide, zinc manganese and other materials, do give access to a greateomiaftbie spectrum,

giving about 40% efficiencyThey areextremely costly to produoghich until now hadlimited their

use to spaceflight applicaton@h er e out si de the Earthbés atmosphere
ti mes that on makinggthp écanongids that musch betfemac arays arstarting to

be used to concentrate the Sundés energy onto these
pumps are required to keep the cell from burninglup. t he 19706s SAamndlotkergsai n now,
studied the prospects of putting solar arrays into space and then beaming the higher energy content

down to Earth either by microwaves or via lasers, however the cost is seen as multiples higher than

Earth based solutions.

Solar operates atround 12% of stated capacity. The efficiency is affected by cloud cover, the intensity
of the light which varies with the time of day and the time of year, the actual temperature which can
negatively affect resistanceainfall and humidity anddust in he atmosphere and on the cells
themselves, and of course the position of the cells relative to theOsinof the most revealing
anecdotes in my mind ¢fist how far fetched solar energy is came from a lpyaksingits virtues. It
highlighted that 15% o&ll the solar cells presently in existence are on calculators and some road
signs. Do we really think that we can scale it up to the extent that the solar cells are providing the
light for our offices rather than using that light to run a calculator? Bdhink it can actually power

our road fleet rather than just illuminate a sign telling us to slow d&al& and wind cannot be
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used as complementary energy sources; sometimes there is both wind and sun and sometimes there is
neither.

In October 2010 th New York Times had a special report on Energy in which it highlighted that a
thin layer of dust of just 4 grams per square metre reduces the efficiency of solar cells by 40%. In the
Negev desert, dust accumulates at 0.4 grams per square metre peragayagre, whilst in popular

solar sites across the Middle East, Australia and India dust levels are even Wgheut regular
cleaning the efficiency falls rapidly. Th@oposedsolution is a new coating which, when energjsed
sends an alternating curteover the surface repelling both positively and negatively charged particles
to the edges of the pandlhe process draws a small amount of electricity from the solar cells, but is
seen as an acceptable cost to pay for the improved efficiency. It isCA86wgfficient at removing the

dust, however unless there are going to be large gaps between each solar wdlnetcumulate at

the edge of the panel, gradually blowing back &wkring the efficiency once agaiPhotovoltaic

cells rapidly lose effiency at high temperatures. Not only do they have to contend with heat from the
Sun but also that caused by inefficiencies within the cell itself making the ideal location somewhere
with bright sunlight but cold temperatures such as on the top of ataiowather than in a desert.

Putting these doubts to one side and taking the 4.92 year energy payback period mentioned above, and
assuming a lifespan of 20 years and ignoring any need for storage, would it be possible to build and

sustaina power grid baseon solar that could meet our present needs? The initial bgillit process

would have to use fossil fuels to generate a meaningful scale to begin with. If 5% offal<iufuel

productionannually was diverted to building out a solar platform, thfter 20 years we would have a

system that could generate 20% of our energy needs. However at thatrstafjest of those cells

would need replacingln year 21 and subsequent years more cells would need repl&oieg.an

EROIE of 4- (20 year lifespa / 5 years to reach energy breakey@ény % of t he PV6s gri d w
to be directed towards replacing ageing ¢ellsr educi ng t he power out put t o
needs

This is not what we are used to but on the surface it saumeasonably attcéive figureuntil some

simple scenarios are examinédssumeby year 20,our fossil fuel production has started to peak and
decline which encompasses most optimists estimates
replace itself every 20 yearbut it also needs to grote replace loss of fossil fuel$f we therefore

used just 10% of the energy for consumption and used%hbalanceo invest in more solar cells,

thenit would take a further 121 years (ie year 141) for the solar grid tooueptesent energyeeds,

long after our fossil fuels have been completely exhausted. By reducing our immediate consumption,

this could be brought forwardyut either way it would mean significantly reducing the carrying

capacity of the EarthRemember the e number s are simply turning th
themselves, whereas using a true EROIE, or adjusting for the storage necessary to turn an intermittent

energy source into a useable flow, the figures would be significantly worse.

The problem withall forms of green energy is that when we measure the EROIE, the supply of that
energy is delivered over lang period of time.If we are digging fossil fuels, we can scale up the
energyextractionvery quickly by investing it straight back in the grountlereas with biofuels or

wind or solar we effectively harvesting a much slqvegrless densstream of energwhich cannot be
compounded as quicklfrossil fuels have been formed over many millions of years. The energy is now
in-situ, and extracting it iBmited only bythe energy cost of extraction. We simply cannot get green
energy at a faster pace than it is being delivered, so either we collect it over a long period of time or
over a very large area but this causes other problems as | describeeincadgoterlnefficiencies in
collecting over a larger area reduces the very low EROIE still further, limiting the ability to
compensate for the low quality energy with more land.
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Before and After.
Carrizo Plain Solar Plant i Sauthern California
http://webecoist.com/2009/05/04/t@bandonedrenewableenergy-plants/
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Carrizo Plainsolar plant, by far the largest in the wodtlthe timeconsisting of 100,000 1 foot by 4

foot photovoltaic arrays located in one of the seshiplaces in the state and built in 1983 was

abandoned in 1994 having never produced power competitively. In 2008 Spain invested more in solar

than the rest of the world put together. The consumer pays market prices but the government has
guaranteedsignificantly higher prices to the utilities. Thelifferencewas reported on Bloomberg

newswires to have risen by EUR4bn in 2009 to EUR16bn, forcing the government to backtrack on its
clean energy rates Ato avoid damaegthinhps raisedda compet i
legal dispute whether it can cut the rates on existing solar pow&hetherthe government

guaranteed the price for 25 years. Either way, whether it is the government, the utilities or the solar
companies, it looks like the above fpices may be repeated. As the New York Times s&anish

officials came to realise that they would have to subsidise many of them indefinitely and that the

i ndustry they had created mi ght never produce
http://www.nytimes.com/2010/03/09/business/energyironment/09solar.html?hp
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http://webecoist.com/2009/05/04fHbandonegdenewableenergyplants/
There are dozenof wind farms scattered around the western rim of the Mojave Desert near Tehachpi
pass. Many companies have come and gone, been bought or gongpb&bme of the turbines not
spinning have been derelict for decades. There is no law in Kern Countedoaes the removal of
broken or abandoned wind turbines, and as a result, the Tehachapi Pass area is an eerie mix of
healthy, active wind farms and a wind turbine graveyard.

Given that once the initial investment has been made and the turbine goasodhibuilt, then it is a

sunk cost and irrelevant to the continued operation of the turbine where the energy is free. The fact
that they are subsequently abandoned suggest s
and cleaning, let alonedhinitial capital costs
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Chapter 6

Energy Density

As First Lord of the Admiralty, Winston Churchill hastened the conversion of British battleships from
coal to oil making them fastereducing tke time theyneed to be iport for re-fuelling and reducing
crew numbers. With naturally available high dengitgls running out, how will our new navy look,
and will we have an air force at all?

So far we have looked at the cost of energy, but we yetv® look aits value and the kind of work it

can do Is it released at a high temperature very quickly or is it released over a longer period of time at
lower temperatures? Is the energy in a concentrated form and easy to transport, or is itrdiluted a
needs costly storage? How much capital equipment is required to release and control the energy? Can
one kind of energy be upgraded to change its profile, and what is the cost of doing so?

Most forms of energy are derived from the sun. If it is hardestenediately, it has relatively little
energy so large volumes are required to mount to anything significant. A herbivore for example
spends most of its time eating grass because of the low concentration of energy in its food. A
carnivore by contrast isbée to get the energy in a much more concentrated form by eating the
herbivore, leaving itde time to relax in the sun. The amount of energy lost in the process of
upgrading the grass to meat is, | estimate around 91% judging by the fact that it takelitre8 of

water to grow 1kg of wheat whereas it takes 16,000 litres of water to produce 1kg @dittefeat

grass rather than wheat andréfere suffer from a loweconversion efficiencyf cellulose but this
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demonstrates the general id@he effciency by which horses turn feed energy into horsepower or

useful work is generally recognised at just 4%, and yet this was our main motive power until the

I ndustri al Revolution and was stliishoweseranlgtkor sour ce¢
final part of the food chain. The grass itself is already a relatively concentrated form of energy;

needing to return around 90% of its matter back to the soils toiksefficiently fertile and nutrient

rich to support further plant lifeAccounting br the inefficiencies in photosynthesis and the

precipitation cycle, large amounts of energy have already been used in turning the energy of the sun

into a more usable and dense foemergy always decays; hot goes to cold and high pressure goes to

low pressure, so to counter this process work must be done which means burning some of the energy.

Gasolinehasa high energy densityt can release large quantities of energlgtivelyinstantaneously

which givesit a great deal of flexibility that lesser gty enegy does not have. @l releases energy
more slowly and at a lower heat. To turn that into motive powechbeical energy has to be turned

into heat energy andccumulated in a boiler before releasing as steam to move a piston or drive a
turbine A car starts at the flick of a switch or turn of a key whereas an old fashioned steam engine
required a fire to burn for several hours before it could start to be operated. Evethéhpower
released could never be as much as with a similar sizelirgasngine Unfortunately, in order to be

able to call upon the power of a gasoline engine instantaneously, it has to be running, and this idling
of the engine when your foot is taken off the accelerator or when the car is stationary at traffic lights,
reduces the engi neds ,keovdver it is stilh astly oye effictert than aktéam5 %
engine An electric motor offers even more flexibilitgue to the still greater energy density of
electricity, doing away with the need for engines to i@iall and thereby waste fuefhe high density
energy adds to the efficiency of use as it can be provided on demand rather than as a coatiduous
therefore wastegupply which is necessary for lesser forms of energy operating thuiegs as belts
andline shaftsHigh density energglsoallows miniaturisati

on which would otherwise henpossible Electric appliances like vacuum cleaners, washing machines
and food mixersthat revolutionised householdhoresand freed up women to enter the broader
workforce are just one example, but so too are computers witdald never have happened with low
density energy.

Low pressure beam engines operate at just 5llb per square inch, and therefore need huge cylinders to
convert the energy into useful work. Atckua low energy density, the machines could never be
suitable for transport; they were simply too big and too heavy. The efficiency of a heat engine is
determined by the temperature (or pressure) gradient between the combustion and the exhaust; the
steeperthe gradient the more work will be done by the energy and the more efficient the engine will
be. Hgh pressure steam engin&gich normally operate at around 200 to 250gusible the energy,
transferred to the steam, to be released much more quicklyhanefore much more effectively.
Nevertheless it requires more coal to be burned, and a large amount of heavy equipment to contain
and control the heat energy, such that whilst it is possible to power a ship or train, it is very unlikely
that the energyauld ever be dense enough to power an aeroplane.

Coal burns relatively slowly because the air needed for combustion is only in contact with the surface
of the coal, and is further impeded by the buifof ash. In modern power plants coal is pulvertsed

a dust which can then burn much more quickly, although this preparation is energy intensive.
Different coals burn at different temperatures and cannot simply be substituted for one another.
Lignite coals used ipower generatar needmuch larger furnasefor the equivalent heat output as

they yield lower temperatures and require large fans to force the Bsrrihe quality of coal
deteriorates, the power utilities have to balance increased capital expenditure of modifyin plant
suit the different coaheeds,againsta lower thermal efficiency of not doingso. Blendingcoal can

offer a halfway house.lLower density energy has a second draw back which is that the increased
weight per unit of energy means that it can be very expensive to transpohnievery fact that coal

and gas is becoming increasingly internationally traded is yet another sign of the decreasing efficiency
of the energy market

Clearly it makes more sense to power the generators with rdghsity energy, however risings costs
relaive to the benefit means that oil has largely been priced out of US power generation since the
early 1980d&@and 70%aflorh 1980gto 20@0hd being replaced byear doubling in coal

and gas consumption although the scale of coal growth cary paréixplained by the deteriorating
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energy contentThe efficiency achieved by gas, thanks to its higher density measured in terms of
joules per kilogram rather than by volume, which is less relevant for static uses, means it can achieve
50% conversion effiency compared with only around 30% for coal plaftss rather disturbing
therefore that coal is not just outstripping oil, but as a percentage of the world fuel mix, it has
outgrown gas by 5.6% since the year 20(gas has remained fairly constataround 24% and coal

has risen to just over 30%)

Economists |l eap to the simple observation that fr
GDP outgrew primary energy consumption by about 2/3rds, a trend that they thought would continue

to improve. Unfortunately this measure of energy is purely based on the heat value, but when adjusted

for the qualityanddensity of the energy, we find that the efficiency gains have only been about half

those stated and that much of the historic evidencéhordecoupling of the economy from energy
consumption disappearaccording to the Centre for Energy and Environmental Studies at the Boston
University, economic analysis fAconfirms a strong
energy quality is aceon t e d Kabfmandfinds that shifting away from coal more than explains the

decline in energy intensity of GDP over the entire period 192999 however his studies used

original GDP data rather than the upward biases that have been a feature ginG®R984 as

explained byShadow statisticé (http://www.shadowstats.com/article/gross domestic_prypdiend

used in the chart below.

US GDP & Primary Energy Use and Quality Adjusted Final Energy
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From 1965 until 1978 oil, natural gas and nuclear power rose from 56.2% of the global fuel portfolio
to 68.0%where it remained until 2000l peaked in 1973 at 49.2%f the mixbut its gradual decline
sincewasalmost perfectly offset by increased nuclear and gas producéplacing one high density
energy with another By 2009these dense fuels had fallen to j68t8%of the mixleaving a gapo

be filled bylow quality Chinesecoal. This shift towards lower densityel combined with théneavy
industrialusage in Chindas been sufficient to increase thlebal energy intensity of GDPUnless

these trends reverse, or more fuel is upgradexargufficiently higler density form to compensate,

the econom§y sfficiency will deteriorateAny upgradingof low density fueldas to be to a level over

and above the primary fuel it is replacing such that the efficiency gain is sufficient to offsairihe
done in that upgrade.
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World Fuel Mix 19651 2009(BP Statistical Review of World Energy)

600

50.0

e /\’\

'“&—-w—s—\x — il

300
- Coal
i —
20.0 .—'___.___..--_--_--"" Nuclear
e Hyrd Fio
10.0
________..'-"F_F_ ———
DD FrrT1r1rrrr1r7T1rrrrrr7irrr1TTT T T T T T T T T T T T TTIT T ITTIOITTOIT T
2B 2T RBBBBNERES S
L L L L - - = = =
o 4 o4 ™= = = ™= = = = = — M M

As we shift to these lower quality fuels, our capital equipment has to be adjusted accordingly. Just as
coal canbt be put dan itbe substityted fongasoin aaspecific power plamti t h er
even for other classes of coal, although some power plants will dglag the inevitable bglendng

different coals and accepy a lower performancas is happening in Indigther than inv&ing in

new capital equipmentThe more rapidly the energy portfolio deteriorates, the more capital spending
will be required to adjust the economy accordingly, again addinfe gross energy consumption.
Equipment can become obsolete either becauseetieirces are no longer available to support the
technology, or due to location as resources in a particular area quickly become exhausted; capital will
pile in and then exit equally as quicklyn Europe for example it is estimated that we need to spend
EURL1trn on new and replacement power stations over the next ten years although a lot of this is due
to age rather than the changing fuel n8imilarly as the location of the resources change, accessing

themneeds totally new infrastructure to be buikripaps new kinds of ships as with LNG, and often
new staff to be trained.

Just as a horse can turn grass into much higher density muscle energy, so by applying work, we can
lift the density of other forms of energy to suit our needs. Wood can be pumiitecharcoal and coal

into coke to allow much higher burning temperatures necessary for iron and steel furnaces.
Unfortunately the work done or energy lost lristupgrade can be substanti@batto-liquids (CTL)
technologyuses high temperatures and thigressures to extract gases from coal which is then
condensed back into liquid fuels. Further refining processes are then required to achieve high grade
fuel characteristicsThe scale of energy loss is high at around 60%, even before carbon capture and
sequestration. To put this into perspective, i
combustion engine, the efficiency from coal input to useful end work would only be around 4%, which

is not much better than the very first steam engines tesgaimp water from mines in the early

1 7 0.0Udless the EROIE of mining the coal is in exces26f there would be no net energy
produced however the much greater flexibility and supernmwer distributionmay still make it
appropriate This could ony be achieved by increasing gross energy production still further relative to
the net suppliesThe energy content of shale oil or kerogen is less than 10% of conventional oil and
only about 40% of ligniteand therefore not even suitable for power genematif it was to be

upgrade into a higher density fuel comparable to gasglthe proceswould have to be almost 100%
efficient for it not to be an energy sink.
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The CTL process was invented by Germany to power its war effart whilst it was bettethan

nothing, it was expensive and supplies were limited by how scalable coal production could become.

Some historians even suggest ttieglack of cheap oil was the reason behindBiitzkrieg tacticsto

avoid getting bogged down in long drawn out leatl it di dn 6t hTaetechnbldge f uel t
was continued by South Africa under Apartheith en it di dndét hawmowbeingcess t o
looked at byboth America and ChinaThe U.S. National Coal Council has been pushing for
government inceives to help build plants to generate 2.6 million barrels per day by 2025, the
equivalent of 10% of its oil needs. To meet 10% of the U.S. present oil consumption from the
technology would require 40% of existing U&al production The plans are to elgt the high

sulphur coals that are no longer used in power stations due to environmental regulations, instead
using clean technology to get over thigrdle. This would further increase the energy Iéssn the

process and therefore may be seeweag expensive, but it is a way of circumventing regulations and

making use of the coal reserv&iven the economics of the process, and the pollution that is caused,

the fact that it is even being considered suggests that oil is not as freely available raslegeta
believe.Historically it has only been used in wars or in apartheid when access to the international oil
market wasunavailable, and yeTransGas Development Systems ltasfirmed that it will start
constructing the wtobelcadal fdamsaFork Ensrgy inGhe D2 264 Minga
County West Virginia, Chinaés Shenhua Group has
Mongolia from 500,000 tonnes of liquids today to 11m tonnes by 2020 as well as applying for a
second planto be opened at Ningxia and Coal I ndia is seeking governm
third CTL plant

an

Coal is widely used for electricity or power generation. About 70% of the energy is lost in the process,
which is known as rejected enerdpyt thegreater flexibility that electrical equipment can ofteer

and above gasolinand the much better conversion efficiency of turning electrical energy into useful
work 7 (see chart below), means that it has been far more sensible to use coal in trés thann

either as a direct drive or as a gasoline feedstock. Whilst there is huge relative conversion efficiency
between electric power generation and other mechanical work, a large part of this benefit is lost for
transport if the electricity needs to &tered in a battery.
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Other alternatives to gasoline for transport feigffer similar disadvantages. Gas liquids have about
27.5% lesBTU - (British thermal units which is a measure of energger barrel than oil, whilst
ethanol has 45% less than 0i(3.2m Btu vs 5.8m Btu), and 35% less than gasoline. Conversion to
Btu shows that the liquid energy available worldwide was 3.3% lowdanuary 2010 than simple
volume statistics would suggest. To get the same mileage from a vehicle, more fuel would therefore
need to be carried. A similar problem is apparent with using liquid hydrogen. Attesoperature
hydrogen gas contains less thare threehundredth the energy of an equivalent volume of gasoline.

To make it into a liquid and therefore make it a much denser energy, it needs to be chilled to near
absolute zero to reduce the volume, a process that consumes the equivalent of athooft thé3r
energy of the gas. To keep it liquid at room temperature requires the tanks to be able to withstand
pressures of up to 10,000 psi, which means very heavy containerstteve liquid hydrogen takes
3.4times as much space per unit of energyassline. Transporting the fubkecomes very expensive,
requiring large gains in the conversion efficiency to compensate.

Whi |l st food energy is suitable for us, itds not
transport. Sugar has a relatively hignergy density, hence why it can make us fat unless we burn off

the calories. Body fat has an even higher energy density, which means it takes a lot of loyv densi

food to accumulate, but once it has built up then it takes an awful lot of exercisentd bifragain.

Corn has a much lower energy density than sugar making the uplift to a useable transport fuel more
energy intensive. Sugar 6s higher denteloigyays s expl ai
of warm sunshine, the length of its giog period and the efficiency of the plant at harnessing the

sun light. Its betteconversion efficiency into ethanol @so helped by using the cane itself as the fuel

to powerthe distillation processwithout which its EROIE would fall dramatically

The energy derived from winor water passing through a turbine is directly related to the density of
the gas or liquid. At sea level, water has a density 784 times tlet wfeaningthat at the same

speed or flow rat&d84 morewind turbinesof a simlar sizearerequired to harness the same amount

of energyas their hydro equivalent, making it that much more land and capital intensive. Using
pumpstorage to smooth the flow of wind power would highlight exactly this issue, requiring only a
relatively small elevation differential between the reservoir and the hstétion to balance a large
number of wind turbines. Unfortunately with around 16% of world power generation already coming
from hydro, it is a near fully utilised resource. With the exceptiba few virgin rivers, capturing the
remaining energy from an already dammed up river system means accepting a much lower flow rate,
again increasing the capital intensity of the energy extraction.

If the combined EROIE from extracting the resoungegrading it and then converting it into useful
work is less than 1 for an individual process or specific task like the@tiguids mentioned earlier,

such that there is less work able to be done with the fuel than was involved in the extraction and
refining processthen that can be acceptable and be financed by the overall net supply of energy. It
may be expensive and is therefore usually limited to very specific tasks like for example rocket fuel,
but it is simply a case of prioritising the work ddmethe available net pool of energy. If however the
throughput EROIE for the entire marketds supply f
available. As more of our fuel has to be upgraded from lower classes of enetiggreswill be an
increasing numberof individual supply chainshat will become energy sinks, such tlatr energy

needs will not be fully metin this environment, markepricing is likely to be overruled by
governmentand possibly by force inptimally allocaing the resource
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Traditionally we used energy in its simple low density form. We used sails, horses and mules to turn
wind and grass into motive power, and we used wind and water mills for mechanical energy. The low
density nature meant that little work could be doamed it was extremely resource intensive. The
famous Cutty Sark tea clipper for example, that was used to ship coal from Australia to China and
then tea from China to England, needed a crew of about 30 to control 32,000 square feet of canvas
sails. Its carg was limited to just 600 tons and took about 100 days to sail from China to Eiigland
(different sources give slightly different figures). By comparison the Xin Los Angeles ship is capable
of carrying 9,200 twenty foot containers in a fraction of the tamd with a crew of just 190ther

than in Third World countries, museums and cottage industries, and sailing yachts for pleasure, direct
use of low density energy simply cannot compete in the modern ecokdmy, grass and water or

hydro energy are nowxpected to be uplifted to much higher density energy, which will offer far
superior conversion efficiencies into useful work, but at the cost of a much bigger gross energy
consumption.

At this point | should note that specific energy is defined as theggmper unit mass whereas energy
density is the term used for the amount of useful energy stored in a given system or region of space
per unit volume, but for our purposes the terms are used interchangeably; the higher the energy
density the more energyailable per unit of size or per unit of mass. It is a measure of the amount of
mechanical work that could be done per unit of volume or mass, assuming there were no inefficiencies
in equipment; no loss of heat or friction etc. Lifting energy to a higkesity is achieved by simply
applying more work or more energy, however because ohdificiencies large amounts of energy is

lost in the processThe larger the gradient to be scaled the marergyintensivethe process In

nature, the upgrading arganic matter into oil, gas and coal took millions of years of applying
massive pressure and heat. The fact that we intend to upgrade the energy in a much shorter period of
time means that we have to bear a similar energy cost without the luxury ofisgriaxver such a

long period of time.

One consideration is that peat bogs and shale etc are in the early natural stages of being formed into
high density fossil energy, and yet we are already exploiting them. We have not just been consuming
down the Iigh density fuels that were formed 100 million years ago, but we have been consuming
down all the fuels formed over the whole 100m year period in whatever stage of fossilisation they are
in. Not only are the fossil fuels being rapidly depleted, but satecsome of the much shorter stores

of energy such as top soils that take thousands of years to form, or even aquifers which indirectly act
as a store of energy. When you consider the amount of energy nature would have lost through the
inefficiencies of tle uplift, can we really replicate this ourselves?

Throughout this book | have talked about energy being wasted or lost which wilmwavel up

people with a basic understanding of physics as energy can neither be created nor destroyed, but only
changedfrom one form to another. Without work being done, it deteriorates to a lesser order or
concentration. In nature, those lesser forms of energy are still exploited, eg the formation of fertile
soils through physicakchemicaland biological or bacteriglrocesses such as decaying plant matter,

the weathering of rocks, the work done by insect life processing and burrowing plant matter etc.
Clearly the Earth and Mot her Nature is not a comp|
energy, and its effiencies in specific processes may be inferior to imade technology, but as a
collective unit are its inefficiencies really so bad that we can hope to achieve a similar magnitude of
high density energy on a continual basis that it took the Earth millibgears toaccumulat@ Just

consider that whilst we may have triple expansion engines or the like to turn some of the waste energy
into useful work, Mother Nature has millions of different mechanismsralsgeling that waste.To

reach or exceed theseieiéncies, the replication of the micro organisms or machines that do large
amounts of unnoticed work seems necessary, which means Nano technology, however that also means
increasing the netnergy consumption even further to initially produce and manufadhe Nano
machines.

It seems far fetched to believe that we can increase the conversion efficiency of turning final energy
into useful work sufficiently fast to offset the stepange we face in rejected enerBy the benefits

from upgrading the engy outweigh the cost of doing so, or is it better to use the energy in its lower
density form with all the inefficiencies that entails? Either way, without significantly scaling up the
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gross energy market there will be a massive hit to our standardngf tue to the reducedreunt of
work that can be done

Human advancement is closely associated with both increasing the net supply of available energy and
increasing its densityThe security and better health associated with harnessing and contfiodling

and thegreater time afforded to us when we moved from hunter gatherer to farmer are just two early
examplesof higher density energy and higher EROBven life itself is dependent drarnessing the

higher density energgf food thatwe camot get directly from the sun.Whether it has been wind
energy or hydro energy in its early forms, or whether it has been low pressure steam, high pressure
steam, internal combustion engines, electricity or explosives used in warfare and mining, progress has
been diven by increased energy densityrEhe first timein historythe energy density of our overall

fuel mix is starting to declineand the cost of extracting more energy is starting to rise relative to the
work it can do.

Chapter 7

Area Efficiency

Environmentalists might h a
their brains. Replacing to
effects on the environment.

heir heart in t
S

To maintainthe same net energy in a declining EROIE environment, the gross energy extraction has
to increaseGiven the amount of energy being produced by the sun every minute of the day, some
people think this should not be a problem; howeverd#wine inefficiency of extractioncan onlybe

offset with more capitahnd technologymore labour more landand more resourcesBringing in
marginal oil fields or other sources of energy means greater geographical diversifieatibn
therefore losing some of the econemiof scale associated wiphoductionfrom one giant field. The
network of equipment required to tie it all together increa$éss is termed Area Efficiency or
Energy Sprawl. As energy is the primary input into all manufacturing and services, a dedtse
productivity will adversely affect the economy as a whole, tying up robies resources for energy
production and leaving less available for other channels of economic output.

This would be a hard enough challenge by itself, tueaergy dengitfalls, we either revert to
running the economy on these lower forms of energy or we lift the energy demshg levels
commensurate with our present expectatiohs yetl have heard no discussion from politicians on
changing the shape of the econamoyne of lower energy density. No one is talking about switching
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heating systems back to burning coal in our h®me moving industry back to steam engines, belts
and line shafts, or using sailing ships which are limited in size and speed and reciyréargey

crews than modern turbine driven ships. Wind power is not being used in its low density form to grind
grains but is being stepped up imichhigher density electricityand o one is seriously considering
returning to horsepower in its truense.The greater the differentiah energy densitpetween the
prime energysource and the end fudhe greater the energy logs the upgrading processnd
therefore the greater the amount of land, labour, capital and other resources that neegluyds: de

to offset this.

Declining EROIE and lower densignergyreinforce each other. Each needs a higher gross amount of
energy to compensate. As if that were eobugh of a problem, the factor inputs themselves are also
becoming less productive. Evdrefore this increased call oresourcesore grades ardalling,
agricultural productivity growth is slowing and water reserves are being deplgtezh marginal
landsareused, or mining industries havetton toore grades that were previously seematsviable,

or some of the basic industriean only access fresh water via desalinatibenwe can expect the
output per unit of input to fall even furthenttp://anz.theoildrum.com/node/6974#mdrighlights
thatthe tendency to use substitute resources can disguise the nature of a problem, particularly when
there is a network of interdependenci&s.l will describe later however, the substitution is not just of
one resource to another, but ratteé all factor inputs. It is therefore not just theoguction of the
network of resources #thappears tpeakall at oncebut rather the production oépitalas a whole

The oil, gas and coal industries are built on steel. Coal needs to be dwyafiff transported. With
marginal lignite coals becoming an ever higher percentage of the mix, up to 3 times as much volume
needs to be burned to release the same energy. The only way to mine lignite economically is with vast
opencast mines that leave hugpars on the Earth. To reduce the moisture content to a level that can
be mined, the surrounding water table has to be evacuated, making the land less useful. The
economics of transport are obviously very poor, but so too are the economics of comifustion.
generators are more capital intensive and suffer from higher maintenance costs. High moisture levels,
lower burning temperature and increased volume of ash destwak efficiency. Carbon dioxide
emissions per kilowatt hour are around 50% highantwith denser forms of coal, lifting the engrg

cost of any carbon sequestratimmogrammerom around 25% to 40% of the energy burned.

Previously unexploited coals are often located in areas that lack infrastructure or are vast distances
from where tle coal is needed. China is exploiting coal in Inner Mongolia and has its eyes on
Mongolian reserves, but the costs of transporting heavy loads over the Gobi desert make this
infrastructure, and therefore energy intensive. To meet its growing needs ilsbaommitted to
transporting coal some,@0 km from its most western province Xinjiang to Beijing. As it turns to
international reserves, rail and ports have to be expanded in Australia, Indéhesiand South

Africa. The increased volumes requiagistics to house and support bigger workforces. China also

plans to mine coal in Mozambique and Mongolia which are in need of basic infrastructure. Despite
Chinabés huge construction programmes ovéom recent
the ports inland. For this very reason ttate Grid Corghas announceglans to build 4 ultra high

voltage (UHV) power lines by 2012 with transmission capacity 80GW to carry power from coal

fired power stations in Shanxi, Shaanxi and the waspart of Inner Mongolia, and wind from

Hebei, to Beijing, Tianjin and the neighbouring regiofke UHV lines will also bring power from

the hydropowerich southwestern China to east and central ChiAa. the efficiency of energy
extraction falls, sohte gross energgroductionhas to rise to compensatexplainingwhy Chi nads
energy intensity of GDP has steadily risen over the last decade with the exception of 2008. In 2009 its
power consumption did lag GDgrowth however the coal consumed in cemerd ateel manufacture

grew significantly faster, lifting overall energy intensity of GDP.

As oil and gas fields become smaller and deeper, so the output per foot drilled declines. The figures
are quite dramatic as is visible in the chart below of NontieAcan gas production. Theimber of

rotary rigs in the United States and Canada, uedlrilling new wellsrose65% between 2000 and

2010, requiring more steel, more labour, and of course more energy to operade.ced recovery
techniques such as veitand gas injection, arump Jacksor Nodding Donkeyincrease the capital

and energy intensityMost of this extra equipment will be powered by electricity, meaning further
energy loss ints generationlt is not just basic materials that are in greatemand, but also a lot of
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clever technology and engineering, particularly in offshore production whether this is oilfields or
floating LNG (FLNG) plants. A consortium of Shell, Chevron and ExonMobil for example has started
construction on the firstthrdeNG pr oducti on plants or fAtrainso at
a liquid for shipping, a single project that is likeb cost in excess of USD50bn, whilst Shell is

hoping for environmental approval to start the first FLNG plnBrowse Basin fothe north west

coast of Australia to develop the Prelude and Concerto gas fields.
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The lower the EROIE and quality of energlie more resources need te teployed.If we start
looking at the saalled green energies, the figures start to multiply up significantly.

Because plant mir is alow density energpnd vast volumes have to be processed to make relatively
small volumes of ethanobio-refineries have to locate in close proximity to tfagms limiting both

their size and efficiency, and adding to the cost of production. The US Department of Agriculture
estimates bigefineries will be limited to around 40 million gallons a year or 110,000 gatoday,

and that to meet the Renewable Fuels Standard Marifateefineries will need to be built at a cost

of Uusbl168bn. The worl dbds | whichgees drourdi USD12bddsi nery at
capacity to process 50.4m gallons of oil per,deguivalent to 87% of thecombined527 bic
refineries A single42 gallonbarrel of oilwill refine into 44 gallong (it gets bigger as it is refined)

of petroleum products such as diesel, kerosene, heatingadibus other products ari®.35 gallons

of ga®line. Ignoring the value of these other fuels and just attributing the capital cost of the refinery
to the amount of gasoline produced, energy for energy the cost of thefibery is slightly more than

9 times that of théndian refinery, and clearlyperational costs will be dramatically higher again.

The maximum theretical efficiency of gurbine to turn kinetic wind energy into mechanical energy
(before the loss of turning that into electricity) is 59%. If 100% of the energy was extracted érom th
wind, thenthe mass of aiwould stop at the turbine, acting as a barrier to subsequent flow. This
inability to operate at 100% efficiency is common to all engines and is described by the Second Law of
Thermodynamics. For the same reason tusbhmeveto be positioned no closer th&diametersapart

in any distance without losing significant powér.lot of commentary highlights that doubling the
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size of a wind turbine increases -folhéenfoiiunateypt 6 ar ea
becausehe spacing still has to be 5 diameters apart in all directions, the amount of land required also

rises 4fold so the only additional conversion efficiency from a larger turbine, per unit of land, is

limited to capturing faster wind speeds at increasedghtehowever even that has a drback as it

adds to the stresses the blades endure during rotation.

Thewor | dds | ar @ eresentlybeing duiltfofh thenKent coast in southern England

consising of 341 turbines with a nar@ated capacityf 1 GW. The offshore site measures 233

square kilometres or 90 square mitdsich equates to just.09% of total UK land area. Adjusting for

a typical 30% efficiency rate and UK energy demand of 205@data fromthe Digest of UK Energy
StatisticsalthaughPr of essor MacKayo6s Sust aestinmated tee fijureatr gy Wi t h
nearer490 GW)i then6 5. 4% of al | UK |l and, equivalent to 122%
to be devoted to wind farmso meet todaydés energy needs.

Compensating fominute by minute intermittency and cumulative credits and deficits with some sort
of storage mediunas described earlier would increase the area of land requifeld. 3To meet
present energy needs using wind the UK would have to cover an area of lestuyjoStwice itgotal

land mass. Massive plants would have to be bwiltirn the intermittent energy into hydrogen, which
would then likely be combined with carbon dioxide and turned back to a steady stream of electricity
via a number of power geneirag plants a capitalintensive round trip process

One major problem with this analysis is that it takes no account of buildings or trees that will act to
absorband deflecthe windenergy and t herefore | ower the hed,ficiency
the relatively high population density will take priorityeducingthe amount of land that can be
devoted to wind farms explaining why new capacity is increasingly being added offshore.
Unfortunately because of theextra materials involved, the cosige environment, the increased
difficulty initially installing, connecting and then servicing and maintaining the turbines, the cost of
the electricity isabout2.2 times the price of onshore wind assuminglémel wasfreely available A

second omissiors thatby scaling up wind farms to a meaningful leviile reservoir of wind will be
severelydepleted Using a model of planetary entropyel Kleidon of the Max Plank Institutsays

fiLarge scale exploitation of wind energy will inevitably leave an imgri i n t he, at mosphe
changing precipitatiomnd reducing the amount of energy we can expect to harness by a factor of 100.
Gains expected from massive wind faciliteso n 6 t p aeach tarbirie reduses the remaining
fifr ee Je(@anergygnyadsysterthat can be converted into work)thereby lowering the yield on
subsequent turbines.

Wind energy is not just land intensive; it is also copper inten&very MW of electricity from a

wind turbine requires substantial amounts of copperubis, the lagest European copper smelter
forecast European copper demand in 2010 returning to 2008 levels, up 30% to 3.9m tonnes. It said
demand was driven by various areas, but predominantly from electricity production, both conventional
and unconventional. It saithat major offshore wind farms would generate a jump in demand, with
every wind generation platform having about 8.2 tonnes of cofper.2006 report Life Cycle
Assessment of a Wind Turbinsuggests that the amount of copper used in the generatgeahand

the shell of a 3MW turbine is 4.785 tonnes, but given the turbine operates at an average of 30%
capacity that equates to 5.3 tonnes per MW.

Renewable Energy Systems Ltd says its Sweetwater investment will comprise of 61 1.5MW General
Electric urbines for a total capacity of 91.5MW. Each turbine will be mounted atop a 130 foot mast,
with a copper wound transformer located 41 foot from its base. For th& ®sver connections

alone, this phase of the Sweetwater project will require 47,500 lieetof 777kcmil copper cable.

There will also be a significant quantity of copper supply cable on site. In addition each tower will be
protected by a large grounding system. At Sweetwater, six conductors bonded to the tower connect to
a 250 kcmil coppering within the base that is in turn, bonded to rebar in the towers foundation.
Copper leads extending outward from that inner ring conneftiuto5/8 inch * 8 foot copperlad
grounding electrodes, which in turn are bonded to a copper ground ringthpletely encircles the

pad. Ground rings at all turbines are connected to all others to form a single, networked grounding
system for the entire facility. The grounding system and neutral conductors use 30,000 linear feet of
250 kemil copper cable. (Kemik the cross sectional area of a wire on the US scale. According to
Wikipedia a 212 kemil wire has a diameter of 11.684 millimetres and one of 168kcmil has a diameter
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of 10.404 mm. It does not give a reading for 250 or 777 kcmil but as 1 metre of 212 Wkeighs
0.95kg, we are talking upwards of 1kg per metre).

That is not all however. The report continues "The groups of turbines feed two substations located on
the facility. Two altcopper transformers at each substation step up the voltage in stagesifs kV

to 138 kV and from 138 kV to 345 kV, respectively, to connect to the utility grid. Thevoiggge

cables include 229,000 linear feet of AWG 3/0, 50,000 feet of 350 kcmil, 18,000 feet of 750 kcmil,
30,000feet of 1000 kcmil and 29,000 feet b250 kemil. In this particular location, the higbltage

cables have aluminium phase conductors, but their concentric neutral conductors are copper.” Not
counting the turbines, transformers and control wires, the Sweetwater 1l wind farm contains more
than 35 miles of copper lowoltage and grounding cable and more than 67 miles of copper in the
neutral conductors of high voltage power cable. | must apologise for throwing so many figures at you,
but | think it admirably highlights the kind of quantitiescopper involved in this new world.

Adding this all together we can easily come to 10 tonnes of copper perfMdpacity.Ore grades of
copper have steadily declined along a linear fratim about 1.5% inthear |y 19906s to thei.l
1% level, inceasing the energyvater and capitahtensity oflifting, crushing and refining the ore

The worldés | argest copper producers are warning o
costsand | ower ore grades meanshewl gbob&Newstppdyg @i e
rareo and Ait is a very <constrained market from
devel oped has a | ower quality than we have been

second biggest copper minerysdhat copper producers will have to develop new supplies even if

demand stagnates. Deutsche Bank estimate that average ore grades are down 26% in the last 2
decades. Macquarie Baffisrecastghat the 2011 shortage will be the biggest since 2004. Ri@,Tint

the GBP75bn mining giant says that a greater proportion of discoveries over the last 10 years would

need deep mining methods where the costs are that much higher. Polish copper miner Lubin says the
surplus will shrinkin 20l11lbecause of fiadles énl miinesi infrastructure praplems and
postponing planned mine projects due to probl ems
deteriorating within the active mines, but the need for more mines meansinfrastructureand

capital equipmentd! of which means more energgnsumption

At the present average ore grade of just less than 1%, it &d@g 15,000kWh of electricitthe
equivalent energy of about&barrelsor 370gallonsof oil, to mine and proces$ ton of copperAt

the timeof writing, if oil was the feedstock it would equate to around 10% of the price of the copper.
The energy consumed in the smelting and refining procestatis ataround half of that, whilst the
mining, milling and separatioprocesswhich accounts fothe balance rises exponentially with the
declining ore gradeTo remove it of all its impurities and make it a high quality conductor of
electricity, it is left in an acid bath with an electric current runnicantinuouslythrough steel
electrodes for 1@ays to attract the pure copper to the steel plateshe EROIE falls and the gross
energy market risefo compensateso the demand focoppe& and other resources will increase,
negatively affecting thejuality of theore and addingto the energyrequred in extraction. Each
decline in efficiency reinforcegself, depleting the net reservdhese numbers only account for the
energy used directly in the processes and ignore the much more substantial figures used indirectly,
known as the tail energy.

So-called Rare Earths, essential for wind turbines and photovoltaic cells amongst other things, are not
actually that rar e, but they are founandthemw: very sr
refining process is highly pollutambaking them exemely energy intensive to extract gombcess in

a clean and sustainable manner. By ignoring the environmental and health dandagkowing

ruinous competitionChina hasundercut other producers by around 75%, but the consequence has

been some of the miogolluted areas on the planet as well as reduced life expedtatimyse regions

Just as with copper and other materialg, itherdependency between energy and resources explains

why substitution is not as easy as we are led to believe. Resourcéware exploited according to

the ease of extraction and the value added they can offer so the growth in technology required to
compensate for declining ore grades and declinin
exponentially as the reduced availdpiof each resource reinforces the reduced availabditg

increased demanaf another. The same feddck loop explains why the Industrial Revolution led to
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accelerated economic growth, and why somewhere like China has been able to develop smrapidly i
recent years by applying existing Western technology to open up the power of its resources. It also
suggeststhat without some sort of massive Idapward in the supply of high quality energy,
technological advancement will no longer be abledoare te circle betweethe geological decline

in resourcesnd the increased demand for them

Moving further down the EROIE ladder to Huels, the land intensity rises even furthbr.the
United States of America, corn ethanol has an EROIE of 1.0lording to
http://netenergy.theoildrum.com/node/6 7A&Bich applies statistical vigour to the 5 main studies on
corn ethanol; Wang et al (1997), Shapouri et al (2002), Pimentel (2003), Patzek §2@DBarrell et

al (2006). For every 1 unit of energy put into the ground, the through process returns us an additional
0.01 units. The EROIE in the best growing counties is slightly higher at between 1.11 & 1.18, whilst
those with the worst soil or climatconditions are D 0.7. The figures have already included the 70%

- 80% energy loss in thdistilling process from corn to ethanol necessary to increase the energy
density but theyhavenot includel that required to transport the fuel to its final destionwhich will

almost certainlymake ethanol an energy sirk. a closed system (igsing ethanol to power tractors

and to produce fertilizers gtat would be necessary to produce 101 gross litres of ethanol to get just 1
net litre. Rather than prodiieg ethanol to then manufacture fertilizer, the plant material will simply
be ploughedack into the land, but thenversion efficiency is only about 25%iill leaving the crops
needing to beotatal with nitrogenfixing plantsto maintain their yieldrather thanaccessing the
nitrogen from petrochemical fetizers as they do at the momef@rain is only harvested once or
twice a year so storage will be requifedthe gross productiomjther for the grain or for the ethanol,

and sufficient spare caggcwill be required to cover the variability of harvests.

Ethanol has just 62% of the energy per laf@asolinei (21.46MJ/L vs 34.56MJ/Lj so to replace 1

net litre of gasoline with ethanol would require producing 161 gross litres of ethanol. fEmptate

this would besheer lunacy The sums simply dondt add up. The wol
calories through fossil fuels than throufgod, so to try and replicate the energy supplied in the
higher density form would be a natarter; there isimply not enough land or water. It is often said

that the world has 300bn energy slaves working for us. Given that just over 15% (or 1.02bn) of the
6.5bn population already suffers from malnutrition, the idea that we can create sufficient food for
another300bn is preposteroud.he only justification for ethanol is as a political tool. Under the
Energy Independence and Security Act, US legislation mandates for ethanol production to rise from
7.5bn gallons by 2012 to 20.5bn by 2015 and 36bn by 2022. Whiistvill drain US land and water
resources, with refineries alone costing it at least USD168bn according ttniked States
Department of Agriculture{SDA) and water transfer programs estimated around USD1trn according
to Earth Track, it elevates gldb#bod prices and therefore gives the United States, accounting for
around 42% of world grain exports, the currency to continue buying oil.

The limit of alcohol purity achieved from distillation is 95.6%. At this level of purity, its boiling or
evaporatn point has fallen to 78.2 degrees Celsius, below that of its constituents, so further simple
distillation cannot achieve increased concentration or purity. To get around this Benzene must be
added before a final distillation. As a carcinogen it makeg ptiianol unsuitable for consumption;
however as a constituent of oil it also makes ethanol to some extent dependent on fossil fuel.

| have noticed that some green enthusiasts talk of superior performance from ethanol than gasoline.
Ethanol has a higheoctane rating which means it takes more energy to ignite the fuel, and
consequently can be used in higher compression wtiperformanceengines At the higher
temperature more of the fuel is burned releasing a greater proportion of, esmetggshe lavs of
thermodynamics will tell you, the increased temperature differential between power and exhaust will
increase theutputof the engine, howeverven with a larger engine tte higher compression ratio
ethanolcannot matctgasoline for power outputep gallon The higher octane rating is insufficient to

offset the lower energy density. Achieving simigrformanceomesat theexpensef increased fuel
consumption.
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When the worldés first iron bridge |\ofatlse timaui | t in
required 10 acres of forest to produce the charcoal required to make just 1 ton of steel. Based on a

similar efficiency rate today and an average 25 years to grow the timber, China would be able to meet

just over 1% of its present steel neddis covered 100% of its land with forests. Given the need for

space to live and land and water to grow crops, it presently supports forest cover of just 18.2% which

would be sufficient to produce a poultry 1.6m tons vs its present capacity of welld®rart@ns. This

may sound unrealistic due to efficiency gains,6dti nads r ecent hi story offers
this could mean. Oring the Great Leap Forward in 19581960, there was a push to increase
Chinabés steel pr od u cheifeing ofwéesThib cavgedisepafabledamagel by t
Forest cover in wastern Sichuarfell from 40% to 12% with similar destruction throughout the

country Without forests to act as a sponge,-$of was simply washed awdoy rainfall, destroying

agriculural capacity and helping cause the Great Famine which killed between 14 anitici®

people.This is a very real and recent example of just how dependent the existing carrying capacity of

the Earth is on the availability of high quality fossil fuels.

In the 186006s when British englomesiecod falimdelosr cont empl
that of the US, and the net energy from coal production eventually peaking and declining, they

realised that even back then, reverting to timber would berestarter as iron production alone

would have required ely the entire surface of theikgdom to be converted to forests. One hundred

and ffty years on, withenergy consumption many multiples largfer some reasowe have lost site

of this reality dspite Britain having to rely on imports for nearly half its food.

A more salient and immediate point to consider is the dependenuydefrrdayagriculture on fossil

fuel inputs and how thedeclining efficiency of energgxtractioncould have majocansequences for

food output requiring more land to compensate. This may souetfared but in 2007 and 2008 this

is exactly what happened. The Philippineds Agricul
food from the world market, but insteagbuld grow it itself. It announced that it could not afford
fertilizers and would therefore have to divert more landtggroduction. The International Food
Policy Research Institute similarly commented that Free Trade poligeslosing favour in Asia

Africa and Latin America as global food prices had risen too far for these countries to afford imports.
They had to set more land asigeow it themselveand restrict exportdakistan could not afford the
energy to harvest and dry its crops. In Febyu2010 Bloomberg newswire reported that Japanese
farmers were forced to turn to Latin America for some of their corn imports as the protein content of
some US corn had fallen below the minimum level of 18.5% required by Japan for chicken feed,
because USarmers had tried to save money by reducing their fertilizer inputthe previous 10

years, US food production and preparation had accounted for over 6% iotrease in US energy
usage; the energy cost of putting food on the plate for the averagaecamhad growiby 0.42barels

or 17.6 gallons of oil equivalenthere is no getting around the linkage between energy in and energy
out . | f you <canbot afford the concentrated forms o
resort to more landemoving both it, and labour from other activities. At the margistory shows

this can be achieved by increased gardening as happened in Britain in WWII, the Soviet Union in the
19806 s, and of buttwithummodeen pdpuiatian densitidsasy mudgher, the difficulty

of the task is increased

Without energy input beyond what is naturally provided by the Sun, large tracts of land and indeed
individual countries will become infertile or useless to our ne&dkilst it is easy to imagine
countries such as Saudi Arabia or Australia being inhospitable without the work done by fossil fuels,
it is perhaps less obvious that places we imagine as fertile such as California or India could only
support a fraction of present agricultural output withoutwlhst amounts of energy needed to extract
water from aquifersand pump it &ross different counties torigate fieldsand support the local
population and industryAs wi t h ot her HfAalt er naisdependentemfassigy, corn
fuel inpuss and therefore offers no solution, however the much harsladity we have tdaceup to is

that food productin on its present scale is a derivativdoskil fuel rather thabeingindependent of

it. Corn yields in lowa for example, the most fertileaiof North America, would fall by around 47%

from 180 bushels per acre to just 80 without the application of nitrogen based ferttlizerapst
common feedstock for which is natural gas requiring around 3300 feet of gas per ton of
fertilizer.
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With the exceptiorof tidal and nuclear power, theu8 is thesource of all our energyDnce again
however, solar energy has a low density, and upgrading it to a suitable power source for a modern
economy requires large amounts of land, labour and caphal.picture below is of the remarkable
Solar Impuslevhich hasused solar power and batteries to briekrecord of the longest continuous
flight in a solar powered plane. Using the latest materials and techrtblgyane flew continuously

for 26 hoursand 11 minutes, successfully landing on tHeJaly 2010. Whilst it is an incredible
achievement, it amply demonstrates the problem solar energy facesndtpan is the same as a
Jumbo Jet or Airbus A34@hich can carry 380 passengers at 660 migte Solar Impulse only has

room for the pilot and will fly at 46 miles pé&our. Given that solar cells are close to their maximum
potential efficiency as governed by the laws of physics, there is no hope of any large scale narrowing
of this differential. Instad low densitygolar energy will have to be stepped up into a higher density
fuel on the ground where larger areas can be deplpyebdably using hydrogen as a building block to
make a liquidet fuel similar to what we presently ud&hilst perfectly fasible and clever technology

T (seehttps://share.sandia.gov/news/resources/releases/2007/sunshine thienissue once again is

the scale of energy loss in the procemsd therefore the additional gross energy that needs to be
captured in the first place.

Solar energy is intermittentvarying withtime of dayand cloud cover making storage a necessary

evil. As with wind, the variability is not just minute byinute, butit is alsoseasonal. The length of
daylight changes through the coersf the year depending on latitude, with the summer and winter
solstices marking the extr&m A global power transmission network to chase the Sun around the
Earth (or shold | say Earth around the Suhis been suggested as an alternative to storage, but that
means each country having sufficient capacity during theins of sunlight to meet not only their
demands, but also the night time demands of a country the oppmEtef the world.The most
advanced powetables leak around 3%5% of the energyevery 1000 kmadding to the cosif this

route, and the therefore the amount of land and capital required. One positive on solar cells is that
they can be located on rotdps and sides of buildings that would otherwise have little alternative
function, however the drawback is the greater capital involved in initial instalment and replacement,
as well as regular cleaning to maintain efficienayd of course the fact thati$ only likely to catch
thedirectsurlight for a small proportion athe day

It is frequently suggested that solar could replace fossil fuels in titedJStates of Americas it

would require just 120,000 square miles of land. This is somewhageigiousThe 48 US states
receive around 200 Watts/m#t solar energyver the course of the year. That is a huge amount of
energy, dwarfing the 1@ (exajoules)he US presently consumes. In fact the amount of solar energy
falling on the US is equivalen®d about 476 times its annual fossil fuel usage. Of the 2,968,750 square
miles of US land area there is enough solar energy in just 6,234 square miles of land to meet its
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energy needsThat is just 0.21% othe US landmassor 8.08% of US urban landJnfortunately
systems are not 100% efficient. You cannot cover an area that large without gaps between the solar
panels for ease of access and cleaning. This will increase the land required by dbootal3ill

very low and very achievable 8,291 squaréemiA top of the range photovoltaic cell might achieve
24% efficiency when itds totally new amnugandl ean. Ad,
therefore the need for frequent cleaning will mean 20% efficiency is probablyrthbest thatould

be achievedlifting the land needed to be set aside to 41,455 square. r@ilesusage of energy
changes through the course of the day and through the course of theykar does not mi mi ¢ t
delivery of energy which alters #ise Earth rotas through the course of a dagm sunrise to sunset

As the distance and angle of the photovoltaic cell relative to thecBangs, andthe column of
atmosphere through which the Sun has to penetetes with therotation,so the energy available
follows a normal shaped curve. To compensate for this, and at the extreme provide energy for lighting
during the night and heating during the winter, some sort of storage or smoothing process is required.
With a roundtrip energy loss in storage of about 80¢4ye fed half of the photovoltaic cell electricity
directly into the grid and half via storage, this would increase the land requidei} {865 square

miles, very similar to the figures often quoted. Assuming an energy payback period of 5 years and a
lifespan of 20 years,e. an EROIE of 4 would mean increasing the land required by a furth®itd/3
createsufficient excess powdp build new replacement cells when the existing ones expire. This lifts
the land required to 165,820 square miM#hilst this isonly 5.58% of the total US land maisds

over twice the size of US urban laspace and after stripping out agricultural and forest land which

are required for food and timber for housing, it equivalent to 21.6% of all othemlaildble. This

spaceis presently used for wildlife, parks, miscellaneous and urBAathis sort of land penetration

solar power would be extremely expensive in terms of resources required and the opportunity cost of
how the land might otherwise be uset;luding thecostto biodiversity These figures are extremely
generous, applying efficiencies which are not really available and energy payback, meritld®IES

that do not adjust fahetail energies whiclmake it very questionable whether there is any net energy
generatediy the solar cells or nofThin film solar sheets, wbh are less expensive to manufacture

than solar parse suffer significantly lower levels of efficiency and so require additional land to be set
aside, making the true cost even higher.

To offset the declining efficiency of high density energy production, not only is more land required,
but so too is more water. To some extent there is a symbiotic relationship between water and energy
production. For biduels the link is selevident, but eve oil and gas drilling is becoming more water
intensive, often taking up to 40 gallons of water to extract just 1 gallon of oil. To clean the tar sands,
water is taken from a 200 mile radiWhilst the water is recycled as many as 18 times, the industry

s il takes 3. 2bn barrels of freshwater from the
waterway, accountingfor 76% of water allocations, and plans to expand that to 4.2bn bamrels
99.75% of allocations. Already it is thought that the effect of gintsion agricultural production has

been intensified due to this water withdrawal. Mining generally is water intewkieh is fine when

the water is freely available, but when it has to be pumped from aquifers or worse still desalinated,
then the energgost of that mining starts to rise.

In the Lhited Stateshe Oscar nominatefilm GasLandcriticisesthe shalandustryfor its hydraulic
fracturingand the pollution and toxins that are seeping into the water. st the film @mnders

t o p e oyronméntalcorcernsthe reality is itinadvertentlyhighlights the competing demands

for water as thereservesof fossil fuels decline and the production of energy becomes more land,
labour and resource intensive. Over the last 20 years the Weitdadsdto a large extent from this
reality as thamarginal fuel came from Chinahere thepollution and loss of natural resourcess on

an unprecedented scaldad China not been willing to sacrifice its environmantl imposed clean
technologysuch as adon capture and sequestratimm its powelindustrythenits energyintensityof
GDPwould have beethatmuch higherdepleting its coal reserves even more quickly.

Power generation with steam turbines is water intensive. Steam from the boiler ijcaahuzlear)

drives a turbine. The efficiency is driven by the temperature and therefore pressure differential either
side the turbine. The bigger the drop, the more energy is released. If the temperatures and pressures
arethe same, thens no movemenfrom hot to cold or high pressure to low pressure, and therefore no
work is done. The sink therefore needs to be as cold as possible, which usually means venting the
steam into a cool river or into the atmosphere through specially designed chimneystgBfaystems
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can be designed to-gérculate and cool the water on site, but this will lower the efficiency of the

turbine. For this very reason thermal solar farms have become mired in conflict, with licences being

turned down.To capture the most solanergy, the farms are usually located in deserts, but

unfortunately deserts suffer from a lack of water. A planned farm by Solar Millennium for example in
Californiabs Armargosa Valley would consume 1. 3bn
oft he entire valleybds available water as both a cool

Rather than condensing the steam into the atmosphere and therefore losing the water, radiators can be

used however theseeed coolingy electric fans to maintain the temperature diffiéisd and therefore

the efficiency of the turbine, but that means using large quantities of the power generated in this
process.Solar hermal power plants hat use mirrors to concentrate the
point are significantly less efficent than photovoltaic cells at turning solar energy into electricity

however the cheaper production costs can make the economics look more attractive, but only if the

cost of land and water is sufficiently che&s.2 0 % of Cal i f or ni aunpingpvatever i S <c 0!
from the north to the south of the State, using it for solar cooling would have been a form of subsidy,

giving the appearance of a more competitive energy source than it redheis.though less than

1/20" of 1% of world power productionomes from solar energy, the competition for the watet

land is alreadypricing the technology outlt should be noted thatater disputes have forced Solar

Millennium and others to abandon wet cooling in California

b 4o

Solar Two tower and heliostats in Daggett (Barstow), Ca!{férh_ia. »

The plant was ecommissiong in 1999 and replaced by a telescope

http://www.trec -uk.org.uk/resources/pictures/stills3.html

Even before lifting the water intensity of GDP, the cost of extraction is ri3ing.GulfStatesin the

Middle East consumesignificantly more water than theimmual renewablesupplies depleting
aquifers andelying heavily on desalinated watéway from the Gulf States, Israebnsumes 120%

of its supplies, then Iraq and Iran 44% and 53% respectively. Pakistan consumes 71% and India 34%.
Countries are rapidly ansuming down their reserves of fossil water(ground water that has
remained sealed in an aquifer for a long period of time). Precipitation is just another energy cycle, as
is the carving out of these underground aquifers by erosion, so the wateragesi®the result of
historic energy cycles. Nevertheless accessing it is energy intensive, taking 9,800 Joules toilift 1 ton
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(or 1000 litres) by 1 metre. Beijing is reliant on pumping water from aquifers for between 2/3rds and
b6s of it sependrtgen whioheseudcs youdrefer to, with some of the aquifers now 1,000
metres or 1 kilometre deep. India pumps 250bn cubic metres or 250 cubic kilometres of water from
underground aquifers that are said to average 400 metres in depth. Assuming thgep@nators

are 33% efficient at turning the coal into electricity and the electric pumps are 100% efficient, then
India is consumingbout 0.6% of world primary energy production in this particular task. In order to
visualise just how much energy is bginsed, the annual flow of water over the Niagara Falls in
North America is about 59 cubic kilometres and its height is just 52 metres, so India is effectively
running 32 Niagara Falls in reverse. As the aquifers deplete, so the hestier be lifted furher,
consuming more energy. Eventually either the aquifer becomes exhausted or the depth exceeds about
1500 metres at whicktage the economics of desalination becpnederable even though 70% of the

cost of desalination is energy.

One of | cuthi @oblems [s ahattup to 80% of the rainfall in certain regions falls in the

monsoon season, but capturing and storing that would either mean the loss of land to huge reservoirs
T(the reservoir behind Chinabts TRkmeimle@hrandes Dam f
contains22 cubic km of water when full) or the direction of the water into aquifers which would

then require pumping out agaias andvhenthe water imeeded. Storage above ground can increase

t he countryo6s hyddependp onvite relevatibnoofaleevgeound it i stosed on. It is

also likely to be in the wrong location which then may require reconfigurinthec ount r yds
plumbing as well as the possible need for pumping stations. Without water land becomes much less
productive, but storing it above ground elsewhere and transporting it means other areas of land have

to be put aside for this purpose, removing them from other uses.

The Chinese government has given theagjead to the power generation company Huadidwitd a

cascade of 13 dams on the Nu River, overturning a suspension ordered by the premier since 2004. The

dams will have a combined capacity of 21.3GW, similar to the Three Gorges Dam. The National
Development Reform Commission has stated that the gowilt build 140GW of hydro power over

the next 5 years, and will lift its total hydro power capacity to 380GW by 2020, equivalent to an
incredible 95% of the countryédés potenti al hydro po
usedi (http://www.eeo.com.cn/ens/Industry/2011/01/24/192214.9hifmyou halve a river speed, the

power falls by 87.5% so with each successive power station on a single river the capitale r@sdurc

land intensity of energy extraction will rise exponentially. Tost of the energy will be extremely

high, not least in terms of tHess of land.

As the centre of the world energy market, the Middle East and North Africa (known collectively as

the Arab League) is experiencing rapid economic growth. The natural hostility of the climate means

that economic output is extremely energy intensive, and it is becoming more so as the population

grows and as resour ces ar einatbe pldnts forcedampldvapesirt theof t he v
region meeting 40% of t he DdRpte aslopting a pBlicyl of 16086 reemnteer need s
food imports by 2016 in order to save water, Saudi Arabia is still expected to need to spend USD50bn

on desalinatiomlants over the next 10 years.

Water is extensively used in the mining industkgcording to theUnited States Geological Survey
(USGY, in the year 2000 the US mining industry used 3,490 million gallons of water per day, or just
under 1% of the countdys t ot al w ad separatewaltiablel mirzerala from bare ratfith

the expanding energy network, the demandhese metals will grow, whilst the declining ore grades
means the process of extraction will become increasingly water and enenggivieteThe tpbal
industrywill increasingly have téurn to desalinatiorWater scarcity and increasing demand from the
miningh as f or cwater aGthority EGA® refuseany more fresh water rights in northern
Chile for the mining industryln 2009t he wor | dés | argest copper mi ne
approval to build a USD3.5bn desalination plant that will produce approximately 320®fitvaser

everysecondlt will then be pumped through 2 parallel pipes 180 kilometresd, and then lifteto

the mine some 3,10Metres above sea level. All of this requires enénggonstruction jnstallation

and in operation.The day | wrote this, Freeport McMoRan Copper & Gold Inc submitted an
environmental impact study to the Chilean authorities to kaidlsalination plant for its Candelaria
copper mine. Peruds Mines and Energy Minister h
desalination pl ant i f it wants to go ahead wit

a s
h
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desalination plant is thes n | y oGQhineseindastrgimilarly hasto turn to desalination to meet
its needs. A 1 million ton ettene cracker in the Marine Petrochemical Plant in Tianjin for example
is building a plant with daily capacity 450,000 tos. By the end of 2010 tal Chinese capacity will

be between 800,000 to 1m cubic metres a ,ddéyt acording to  http://www.tf
summerdavos.cn/system/2010/01/15/004436479.shbyl 2015 the global seaater desalination
industry will have an income of over USD95Mater withdrawal for mining is relatively small scale
compared to that for agriculture, so any large scale adoption efudi® would not only be
constrained by land but by the availabilifyoheap natural supplies of water.

Water consumption usually grows twice as fast as GdRat growth is sustained by accessing virgin
rainfall, it gives the economy the appearance of reduced energy intdrsitgveras soon as the

water needs to be med around omwe need toturn tomore unsustainable, recycled and desalinated
suppliesthen the energy cost starts to risaree per cendf US energy consumption is used simply in
treating incoming water and remediating outgoing watecording to Scieiftc American The
increasingcompetitionfor land to meet our energy needs will resultairdecline incheapwater
supplies as alternative uses lead to a far greateoffumd reducedhaturalaquiferre-charge. Awith

the other factor inputs, as theadability of cheap high quality energy deteriorates and the gross
energy market has to expand to compensate, so the energy intensity of water extraction will rise,
causing a negative compounding effethe security of water supply will become increasyngl
important to the location of industry. Countrigsch as Western Europe, Japan, North America and
Brazil will see their competitive advantage increase compared to the water deficit countries such as
the Middle East, suBaharan Africa and central Asia.

One final consideration fdiower quality energy is environmental damage. Conventional wisdom is
that coal energy is dirty, causirrgmosphericconcentration of carbon dioxide to increase to a level
that may be causing global warming. It should be notedekier that its usage has allowed the global
population to soarHaving reached 1bn in 180#,is expected to grow to 7bn in 2011. Chdagl

brought with itcheap food and cheap sanitatidifting life expectancy and the carrying capacity of

the Earth.Adopting lower quality fuels would reverse this trend. It would also be more damaging to
the Earth itselfExtracting kinetic energy from water in terms of hydro poisenow recognised as
environmentallydestructive. Without rivers being able to dispersatrients,soil fertility downstream

falls making fertilizers essential to offset decliniagriculturd yields and maintain top soiBimilarly

less oxygen downstreamdaei ces t he riverd6s ability to sAupport mal
slower flowing river also means less energy to di&pe pollutants. Irrigation often results in
salinizationi (the accumulation of salts in top soiljequiring ever larger amounts of fresh water to
compensate. Upstream land is lost as a store for the watist ddwnstreamandis lost to sea water
intrusion which can have a major effect on the river delta. Hydropower does not generate energy; it
redeploys it and when adjusting for these costs, the net energy produced can be significantly lower
than official $atistics would suggest, and in some cases it can be negative.

Extracting wind or solar energy on a large scale could potentially have similar effect. Imagine the UK
example mentioned earlier. Extracting 59% of wind energy across the entire UK coulthaipbs

affect thetemperature and therefore theaporation of moisture from soils, and even the rainfall. Air
pollutants would become far more problematic. It could esennto reduce or alter air circulation
around the Earth and therefore affect clim#tdopting biofuels on a vast scale would remove land
and water from all other uses, destroying environments for other natural habitAlatce is a
carefully balanced ecosystem, with each organism in a food chain, either directly or indirectly turning
the Sunds ener gBytransférrong theserefgy to otheoactikities, there is a real chance
that whole systems and cycles could be destroyed with untold consequeriisecause of the scales
involved in meeting t ovddensiysenemy thenwimimentahdamagiess wi t h |
would be far more real and pressing than global warming.

In the 193006s excessive farming ofleaving thg landa | l and
barren and 2.5m Americans forced to relocate as they weable to pay bills and their homes were

foreclosed. Theedeployment of two rivers, the Amu Darya and the Syr Darya to grow cotton in the

former Soviet Union resulted in the death of the Aral Sea and the salinization of the farmland.
Excessive farmingand grazing in western China has turned 400,000 square kilometres of Chinese
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cropland and lush prairie into desert, forcing tens of millions of people to abandon thdnland.
February 2010 Chinads Agricul tur alenhhasedferdlicessi t y war n
T necessary to support crop yieldbadresulted in severe acidification of its sa@lch thatropland

in the south of the countigould no longesupportmeaningfulfood productionTheacidity orpH had

fallen to betweer8 and4 i (the acidity scale runs from &s the most extreme to 7 is neutral and 14

most alkaline)i comparable to that of commercial white vinegaud unable to support most plants

Further south Vietnam has expressed cRivercter n that
extract hydrepower has resulted in less dispersion of nutrients through seasonal flooding and reduced
prospects for rice productiofEnvironmental issueare already threatening to becontestabilising

acting to accelerate the expansion of thesg energy network.

It seems that thikigher theguality of energythelower thehealthrisk. The worst nuclear disaster-to

date was the Chernobyl accident in 1986 which killed 2 people on the day of the explosion and
another 28 people in the weeks irmamately following. Overall it is thought it may have contributed to
2,500 deathdut this comparesiith about 2500 annually in Chinese coatines, and significantly

more respiratory related deathihe Gulf of Mexico oil disaster highlights the increasisks, and
therefore increased costs of maintaining our net supply of oil in a declining EROIE environment. The
potential direct risk to life from hydro power is amply demonstrated bZttieeseact of blowingup

a dam on the Yellow River to try and sttpe advance of the Japanese, killing as many as 1m of its
own peopldn the largest single loss of life of WWHgccording to Wikipedia.

The cost ofthe EROIE fallingis measured in terms of the increased resource intensity of extraction.
Whilst it may not appear in company accounts, one of those resources is the environment, so by
definition if the EROIE is falling, environmental damagénisreasing. Whilst the quality of energy is
relatively high as we have at the moment, the scale of this extercatitgenerally be ignored as the
impact on the environment is relatively tiny in comparison to its $fzgou are concerned about
Global Warming which | am not, then imagine how the carbon concentration would rise if we were
obtaining the same net suppif energy from coal with an EROIE of 2 rather than an EROIE of 10.
Another more immediate example might be the increased water pollution that would come from shale
gas as each successive fracture results in a declining lyiedddecliningeROIE enviromment there is

no way to successfully accommodate this externality as it would further increase resource intensity.

As you can see there is a vicious circle. As the quality of energy falls, more land and resources are
required to compensate. The netwof equipment required to sustain producti@edmes bottarger

but alsomore complex, resulting in its own inefficiencidsower ore grades, marginal land or
insufficient natural supplies of water increase the energy intensity of extraction. Everuataa h

level, as people are taxed into manual labour, calorie consumption rises. As the gross energy market
expands, resources are depleted that much quicker, requiring the location and shape of the energy
network to change accordingly. So far the most alwioonsequence has been the redistribution of
wealth to a much wider population, driving the outperformandeghifia and other emergy markets

over the last20 years More subtly howeveit has resulted in reduced productivigyowth and a
declining accurualation of capital.

We are generally told that in a number of years time the cost of alternative energy will have become
sufficiently cheap relative to fossil fuel to make it competitive. Unfortunately this is not likely to be
the case as the wind tunig or solar cell is reliant on large amounts of fossil fuel input in both
manufacturing and maintenance. Until we can use the alternative energy as tbeufeedvind or
solarenergy is likely to remain at a premiumftssil fuel. As the EROIE of the$sil fuel declines, so

the cost of the alternative energy will rise. Even if manufacturing advances were to continue to
improve, this is unlikely to offset the increased cost associated with removing more and more land and
resources from alternative usgmrticularly as that land becomes less marginal and the resources
suffer from declining ore grades. It seems highly unlikely that with such low EROIEs alternative
energy could ever become anything more than a marginal source of energy in a large modern
emnomy. It could only ever become a dominant source of power in much smaller less sophisticated
societies such as the predustrial age when they previously dominated the energy mix.
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Whi | st green or alternati ve eaflbkeringfavoui of theasimplevel v i de
reality is that the world canngiossiblyafford it. We do not have thiand, labour, capitadr resources

necessary to meet existing net energy nesitts low densityenergy, and therefore it will remain

nothing more thanraexpensive distraction.

Chapter 8

Inter Temporal Accounting
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Politicking rather than leadership has turned tbeclinng EROIEinto a tax onthe science and
technology necessafgr our survival. Government and opposition mus a ¢ t in their count |
interests rather than for relection and personal gain.

As soon as anyone mentions peak oil , effitieacyr esponse
gains will negate itElectric carsand more efficient light bulbare offered up as the solution to alir

problems. For these peopiee laws of thermodynamics are either irrelevant or are sufficiently far

away that they donét apply to todayds economy. Ever
gains are dcilitated by excess capitaUnfortunately as we discovered in tlpeevious chapter,

declining energy quality actsot onlyas a tax on land and resources, but also on labapitaland

perhaps most importantly the research and development necesstrgserefficiency gains. With

100% certainty, @ak Energyvould resultin Peak Capital.

Looking back at recent historytotal primary energyonsumption per unit of GDiPnprovedfrom

1973 until 2000 since when it has been relatively. flete gainsdid nd happen in a continual
manner Instead they happened in 4 specificipas, 1973, 1979, 1990 and 1996, the first 3 of which
coincide with US recessions. During these periods, investment spending slowed down giving the
impression of efficiency gains but e expense of deteriorating capital equipment and infrastructure.
Bet ween 1995 and 2004 for example the number of r
from 86.6% to 84.9%, with urbanised roads significantly lower according to the Federal Highwa
Administration. The American Society of Civil Engineers 2009 scorechighlights that US
infrastructure is acting as a drag on the rest of the econlbmgnks 15 differentndustries,giving
infrastructure an overafjradeof D. The US needs to spettSD2.2trn over the next 5 years to lift the
infrastructure to a reasonaklgendition equivalent to 15.4% of 2009 GDWR/ithout the investment,
sustaining present economic outputlvdiécome increasingly difficulbnd energy intensiveThe US
alreadywastes4.2bn hours in traffic jams each year, the equivabémeducing the workforce by just

over 2m people. In 2007 41,059 people were killed in motor vehicle accidents and another 2.491m
were injured. Motor vehicle crashes cost the United States a masdd2308 a year in medical
costs, lost productivity, travel delays and legal coSthe longerit delays the necessary investment,

the more the impact will be on the productiviagd efficiencyof the economy as a whelaithout

quality infrastructureor the energy to use it, theansfer & wealth and productivitfrom one area to
anotherbecomes impossihlds it is the US economic strength is largely a factor mobilisation story,
using 56% more energy per unit of GDP than Europe and 68% more thanuagiars fine if it has

the resources.

Some of the efficiency gains are therefore more apparent than real. Without heavy investment,
depreciating infrastructure will no longer be able to support the existing level of output. Imagine if a
bridge fails, it cald force thousands of journeys each day to be extemg@ or 30 miles, effectively
reducing the hours someone can work. It would also increase fuel consumption in getting to work.
Even between 1995 and 2005 fuel wasted as a result of increased congesdifrom 1.7bn gallons

to 2.9bn.The score card divides infrastructure into 4 separate categories; Transportation covering
aviation, bridges, inland waterways, rail, roads and transit; Water and Environment looking at dams,
drinking water, hazardous sk, levees, solid waste and wastewater; Enetggh really only looks

at electric power generation and transmissimd finally Public Facilities which concentrates on
schools and public parks and recreatidndependently of this report, the US oil imdry
infrastructure is also creaking with for example the average pipeline more than 50 ye@redlits
spends just 2.4% GDP on infrastructure compared to 5% in Europe and 9% in IChigasomy

has been living on borrowed time as the 2003 collapieednterstate 35 bridge in Minneapoltke
August 2003 blackout across the North Eastern statetheofailure of more than 50 levees and
floodwalls in New Orleans testify to.

The asset price bubble of the last 20 years or so helps explain thialklobtyS domestic capital
formation, especially in the private sector. @yorcing asset prices from the data used to determine
monetary policy Greenspardrove stock markets and property prices aggressively higher, sucking
capital out of the real ecomy and into paper assefBhe electorate wasollectively fooled by the
illusion of monetary wealth rather than real weakkhen offered the choice of neavayanteed
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double digit returns from asset prices or risk investing in domestic industrial gapatithnology

where the returmvas almost certain to be lower, the stock market won every time. So long as the rest
of the world was willing to finance the current account deficit, this disconnect and the hollowing out
of the US economy, asallowed to ontinue. With investors chasirgpily performancecompanies

were rewarded with a cheaper cost of capitakfapping out costs by outsourcing, and ifovesting

in their ownequitiesthrough share bulgacks whilst they wergunished with higher cost$ funding

if they failed to deliver frequentlybecause thewere investingn the real economgather than just

asset price inflation. For this very reasaoranagers otompanies such as Gkhich had become

hedge funds with industrial assets on the ,siere given rock star statu$his was a failure of
enormous proportions, and should be laid squarely at the doors of government, central bankers and
regulators who by changing definitions of data to suit their needs, and by acting as cheerleaders with
ever lower interest rates to keep the illusion alive and therefore buy political support, effectively
under mined the financi al mar ket 6 s Mailsthhereares m f or t h
time delays between making investment decisions andg#ee returnthe simple fact that US debt

has risercontinually relative to GDP over the last 30 or 40 yeatsould have beesvidence enough
thatresources werbeinginefficiently allocated.

Under a properly functioning Gold Standard capital habet@llocated productivelyneaning that
whilst debt could rise in nhominal terms, it could not rise as a percentage of IGEHould be no
surprise therefore thatincethe US left the Gold Standard, or at least the @alcked standardf
Bretton Woods inAugust 1971 its debtto GDP ratio has growexponentially The reality was that

with its own peak oil production in 1970 and substantial subsequent decline, the US could no longer
afford the scale of investment necessary to supportitsoéxisting stadard of living and maintaia
productive allocation of capital. Something had to give. By abandoning the backing of the dollar with
gold, the US effectively started taxing fismpire through ever larger current account deficited

bond issuancgust asthe British and Roman Empires had done previouslye growth in the
financial system with its new innovatiygoductswas necessary tact as the conduit arattract the
inflow of capital needed tdinance domestic consumption. As the manufacturing imguwclined

from 26% GDP to just 10%, so the financial industry grew from 10% to, Z%g the gap by
functioning asan international taxman. The Triffin Dilemma stipulates toathe world to trade on

the Dollar $andardi (i.e. for international trde to be conducted in the US dollathe US must run

a current account deficit. If it ran a surplus it would suck dollars out of the international system
leaving it without a currency on which to tradie.other words the Utaxe® the rest of the worléor

the use of the dollathrough an ever larger international borrowing programme or current account
deficit. As the most advanced nation, that tax should be invested in the scientific advancement needed
to maintainsustainable global growth. Insteachés been wasted on excessive consumption, resulting
in global resource depletion, also known as Malthusiandsmnwith the Roman Empirthis panem et
circensesor bread and circusés(a lot of public sector jobs are effectively just ways of keeping people
entertainedand off the street) approach to avoid social unrest once the economy had gone through
peak oil production,an only ever have a limited lifespan before the resources are depleted.

Since 2000 when the Chinese economy became sufficientg kar be one of the main drivers to

gl obal growth there has been no further i mprovemen
growth is capital rather than consumer inteasiand would normally therefore be seen as an
investment in future energsfficiency. Like the US however, the sustainability of its output is very

much in questionindependent research suggests the tco§thina of environmental degradation and
resource depletion has wiped out its entire economic growth over the last 20vykdss.this may

sound somewhat extremeplution alone would have wiped out 3.05% of 2004 GUith a further

1.8% treatment cosiccording to a Chinese National Bureau of Statisiqert published in 2006
which didndt even a dsbit and waterdegsadation aveich dre pnl aartassieen o
scale.The following year the governmestippressed the 2005 report avthdrew its support for this

Green GDP methodology.

Whilst at firstglanceit is hard to reconcile the incredible growth we aaciate with China with this

Green GDP calculation, it becomes easier to understand when you consider that up until 2000 China
was losing over 10,000 square kilometres of land every year to desertifitatbogh wind and water
erosion (44.1% and 45.7%spectively) as well as salinization 8.3% and construction .1T9f4t has

since been brought under some sort of contitit just 3,40 square kilometres of land loahnually
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in recent years le@ivg 27% of the countryasdesertin the north eastern prowies theeplacement of

forests with agricultural lands have provided the country with over 100m tons of grain each year, but
has resulted in the loss of over 2m hectares of wetlands and a 75% decline in top soil lagtdthe
years. At the present ratd decay it will be bare rock within 10 yeaBetween 1996 and 2008
cultivatable landacross the countrfell by 6.8% from 130.04m hectares to 121.2m due to rapid
urbanisation and desertification. Current per capita fnihiis 0.092 hectares; ju% d the global
average witmo spare capacity oeserve farmlandlts ability to feed itself is in rapid declin®ue to

double and triple cropping itsheat yield is 4.61 tons per hectare vs the world average of 2.76 tons,
with rice and corn yields 88% artd% higher than the rest of the world but that is achieved by using
more than 4 times the fertilizer per hectare than the world on aydrageng the soil acidic and
adding to itserosion Water resources per capita are just 25% of the world aveaagj@re decreasing
rapidly. Beijing consumes 75% more water than can be taken from the surrounding areas on a
sustainable basisnd has a cone of depressmrdepleted aquifer beneath the city and stretching into
northern Henman and western Shangdon thahsomes over @000 square kilometregausing
subsidence across parts of Beijing of up to 8 inches or 20 centimetres a year. Similar cones of
depression are building beneath the agricultural plains north of Shanghai and subsidence is prevalent
across the auntry as a whole Water experts now estimate that groundwater reserves in the big
industrial cities south of Beijing will be exhausted within 5 to 10 years despite the various transfer
projects.Agriculture accounted foB1% of the total water udsack in 1997 with51.9% of the total
cultivated areaeliant on irrigation.With coal production expected to be exhausted in the next 20
years, the inefficiencies will multiply together; the ability to access and distribute declining water
reserves or to enhantkee fertility of soil will disappearChinagd s | a r g e dempsityfhasIreautted o n

in resourcesdeing workedoo heavily The countryhas certainly changetie shape of its ledger, but

it does seem theesearchsuggestingts overallbalance sheet has ngtown at all over the last 20

years does deserve some meritis is reinforcedby C h i noarbaggressive international resource

grab programmef securingfuture suppliesand removing them from the wider market.

Over the | ast de ensity ef G@Pmiraaseddvery year leut 2§08, whem the global
economy went into meltdown. This should not be surprising as China has spent heavily building
infrastructure and capital goods where the initial costs of industrialisateamuch greater tharhée
subsequent operationahd maintenanceosts.Unfortunately with the resource side of the balance
sheet in deterioration, maintaining economic output is likely to bedmtiemore energy intensive

and increasingly dependent on impo@®ntrary to genal expectations capital spending will become

a larger percentage of GDRnd to finance this, dusehold consumptionwhich has alreadpeen
squeezedrom 46% GDP in 2000 to just5®% in 2009 will continue to decline. In any economy
based on factor mobdation, consumer spending must graduallglide as a percentage of outpas

the factors of production are graduadlgpleted and exhausted, they become less efficient and unable
to support existing levels of consumptj@s was the case in the former3Fs

One particular area where this is coming to a head at the moment, and is causing debate amongst
economi st s, i's i n wha whesby khe groductivity of its rira ecnemyiiss Poi nt
insufficient to release more workers from the lamtis is resulting in labour shortages in Chinese
industry andrapid wage inflation, which unless it can be compensated for with industrial productivity
growth will eventually mean capital starts to leave the cour@hina still plans to urbanise 400
million people over the next 15 to 20 years. For the moment this is justified by the higher urban
wages, inferring higher productivity, but is a policy that is dependent on the productivity
improvements of international agriculture and mining. At what peaoe they make up the shortfall?

Will other countries ban agricultural exports if it is causing domestic inflation? The terms of trade are
likely to move aggressively against China leading to rampant inflation and a loss of competitiveness,
effectively taxng people back to the land.

The Lewis Pointis effectively a sultategory of Area Efficiency which is taxing people back into

resource industries generally/age growth in the energy and mining industries has been rampant in

recent years, explaining to large degree the relative growth of the emerging markets, and the
narrowing of their sovereign debt spreads to US T
extraction and conversion, less is available for the rest of the economy. Dependingacetioéthis

transfer, productivity growth and efficiency gains for the economy as a whole will either slow or

reverse.
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Historically we saw this play out in the former Soviet Uniarhich had to divert an ever greater
proportion of economic output intoustaining its oil and gas industrgombined with the large
military budgetand an ageing population, starvel the rest of the productive sector of capital.
Productivity declined andhe Soviet Unioncollapsed.A side effect wagleteriorating health and

rapid fall in life expectancy from 64 in 1987 to just 57 by 1994. A similar pattern is happening at a
global level today, however because it is not isolated to one country it is not so obvious at first sight.
Wealth is being transferred to the resourgeh rcountries to try and maintain output, but the
consequence is a loss of productivity in théustrialand particularly service economies of the West
Mobility of labour can help smooth the process at the margin, with for example Brazilian immigrants
in the United States moving back home, City of London bankers travelling to the Far East to help
manage the flow of capital, and highly skilled oil engineers going whetlee money takes them.

Reduced labour productivity can be offset with a greater eumb of wor ker s. Chinabs
workforce for example is now more than twice that of the whole G7 manufacturing workimice

again however this is an area of balance sheet contracti@ ofthe big concerns in the developed
economies is the aggrpopulation, and the cost of providing pensions. The rising dependency ratio
(the number of people of namorking age divided by those of working age)acts to reduce
productivity. Transferring ever greater amounts of economic output to thesgroducing people

acts as a growing weight around the rest of the economy. Capital is eroded and productivity falls.
Even if retirement ages are increased, the reality is that the productivity of a worker normally starts to
fall beyond the age of about 40he Sviet Uniond i d n 6 t actively defaul't on
retired population, however the hypeflation associated with its decline in productivity achieved the
same end.Whilst we in the West fret about our pension deficits, they pail into insignifie
compared to theroblems China face®Vesternfertility rates havenovedgradually lowerover a long

period of timedepending on economic and social circumstances, whereas thilthpolicy adopted

in China and other parts of Asia aggressively ngadadowntheir dependency rat® driving a
multiple expansion in the workforce compared with tiest of the population. Unfortunately this is
starting to reverse athe 1 child now enters the workforce replacing the 4 retiring grandparents.
Shanghai hasicreased the retirement age from 60 to 65, but the estimated cost savings of CNY20bn
is dwarfed by thesocial securityfund deficit of CNY6.71trn. The very fact that it has been forced to
increase the retirement age suggests that it is unable to fijaievith urbanisation, undermining
those remaining economists who say the Lewis point has not yet been red@bleedelative
demographic dividend that China has enjoyed ovekibst is set to go bustt a balance sheet level
therefore the human assedeiis about tanove fromthe credit to the debit column, both in absolute
terms and relative to the West.

The increasén gross energy productioneeded to meet the samet energyneeds not only effects
productivity directly from taxing capital and wars, but also from shifting production to inefficient
countries and workforceg:or obvious reasons the resource rich economies want to maintain a greater
proportion of the valudrom the fuel at home, however most of these countries suffer other natural
disadvantages that makes them inefficient. The Middle East for example suffers from the hostility of
the climate, whilst China suffethe consequences of ovexploitation and degradation of its land and
water due to population density. Shifting manufacty production to these countries is therefore a
suboptimum allocation of capital, andequirescapital controlssuch as an artificially low currency
lower wagesor laxer environmental controle compensate. Whichever way we turn, productivity is
setto decline and energy intensity increase.

It is not justin the supply of new labour that the US and the rest of the developed karéd
underinvested. It is also the supply of educated labQuer the last 20 yeathe UShas fallen from

1% to 9" for the percentage of its population aged 25 to 34 having at least a high school degree, and
from 1™ to 7" for those having a college degree according to the Organisatiofcfamomic
Cooperation and Development. The US ranking for mathematical andificitteracy is 19" and

14" respectively in an OECD/PISA study, and according to the US National Science Foundation, it is
slipping intheglobal science and technology league, which is backed itp gyadual fall in ranking

of patent applications.Obviously the education standards of the emerging econ@réésproving

as capital flows into these countries, but it still has a long way to catch upyrdikd the elite
European and US universitighe Chinese, Japanese and South Korean educatitmmsyare based
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on regular repetition learninm line with their more socialist backgrounthis trait isvery apparent
in their workforce,which lacks thandependent critical thinkingecessaryo drive big advances in
technology.

Efficiency and prodctivity gains are achieved through research and development that expands the
capital stock of the economy as a whapeningdoors to new ideasNew technology makesxisting
resources that much more valuatM¢hether achieved through evolution amdning over the capital
stock or by scientific study, experiments and simulation, economic advancemamrigy intensive.

One of the best analogies is that pfaircraft to get to a highealtitudei (or economic plane- you

have to open the throtdehowever once you get there maintaining tleael of output isslightly less
energy intensivelf you start to slow the engines beyond a certain amount, the aircraft or economy
will gradually lose momentum and start to descend to a lower I&telhe ecolmic level, decay or
depreciation performs the same roll as gravitsior to the industrial revolution GDP growth was
mainly a function of population growthitself determined by land and resource availability.
Productivity per capita gw by aroundl.7%every 100 yeard/ithout fossil fuel inputs, the industrial
revolution would never haveappened and technological advancements would have carried on at a
snai |l 6Gi veanc et hat a | ot of peopl eds vision of t he
turbines, it would be intriguing to consider how ytheould have developed over the last 300 years
without the excess capital that fossil fuels afforded usuld venturethatthey would still bevooden

and cloth structuregather than much stronger anighter composite materiathey are todayand

would therefore bdimited by size and weightEngineering qualityand accuracyould not have

i mproved as there woul dnot be the susmihlsothe of ener
windmill would still only be able to drivdadly fitting gears and grinding wheeiather thangiant
modern turbinesWithout large supplies of cheap high quality energy, the cost of productivity gains
and economic advancement is prohibitid¢though you can argue oveause and effect, the simple
reality is that judging by the period 19802000, any country which suffers a decline in energy
consumption per capita rapidly becomes a failed state.

Once again it is not just the availability of cheap energy that is éssenproductivity growth, but

the supply of high density energwhich gives abetter conversion efficiencyof energy into useful
work. Even Henry Fordsaid of hisassemblyline, the blueprint formodern mass productiothat it

was not feasible withoutlectricity. A line shaft system would be far too heavy and cumbersome to
supply energyn the scale needed anmodern factory floor. The stresses involved would have meant
aline shaft would have to be extremely strong #reteforeheavy and wasteful gfower. It would not

be able to supply energy in a flexible manner at the flick of a switch that electric motors can, again
adding to the costHe noted thatthe mechanical work from a steam powered engine could not
generate theool speed necessary to dediner steelsaand the quality of manufacture necessary for
modern industry(The Big Switch by Nicholas Carrlt would also be impossible to miniaturise steam
or internal combustion engines and to regulate the power as efficiently as can be donecwith el
motors.

Analysing productivity of each of the factors of production over the last 100 years in the United States,

the big advance has not come from labour, but freming energy into useful worland fromcapital

equipment Unfortunately both eem to have run out of steam. The marginal productivity of turning

energy into useful work soared in the first 30 or 40 years ofvikatiethcentury as higher density

energy was adoptedt then had another advance inth® 706 s wh en n aoyeds batl gas wa:
has since been statnd is now set to declirees more work has to be done lifting the lower density

energy to a | evel commen s ur a tAforwdpitalhthecewas athigd er n e ¢ «
advance driven by the widespread adoptioriabbur savingelectrical equipment and cais the
middle of the century but since the early 1970 8rettontWioeds US o |
was abandoned, underinvestment has resulted in a decline in the marginal productivity of capital. A

modern car for examplemay be more efficient than an older caut because infrastructure has

deteriorated and it spends more time in traffic jams arid out of thegaragebecause of damage

from driving over potholes, its marginal productivithas not improved\either mechanical workor

electrical powemeneration and distributiprhave seen anyneaningful improvement in energy

conversion efficienciesver the last 30 or 40 yeaes the easy gains haveeddy been achieved,

however there are still gains bgimade in the energy conversion efficiencies for industrial high and

medium temperature heat as per the chart on pag©®\wa#. this period it is clear that the US has
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badly misallocated capitalith the exception of its investment in higlensity energy ithe form of

natur al gas 1in

thbweverlwgth7tidedysalityaoh ethergy Bof debesorating it seems

inevitable that the marginal productivity of all three factor inputs is set to detfliwe.are unlucky

enough to suffer from peak energyseems highly likely, not only will the productivity of the factor

inputs fall, but so too will their availability.

Applying modern technology to a less developed economy does give an initialtdbonsarginal

productivity, but that rapidly deteriorates a h a s

been

t he

case

S asits e

technology deficit is gradually eliminatednd growth becomes increasingigliant on factor

mobilisation. The fact that corporate America has outsourced production to China, and therefore has
beenable toserviceits current account deficivith overseas earnings seen in some quarters as

vindication of its investmenpolicy. Thisis notthe caseTheimproved earnings amdriven by simple
costsavings based oregulatory, social and environmehtabitragesupportedoy massive currency
manipulation ie factor mobilisationor balance sheetrawdownrather tharinvestment in sustainable

output. It is no wonder that these same US firms that outsourced production to China have been

lobbying against posals to labdt a currency manipulator because it wonidanrealisng the huge
losses associated with their misallocation of cap@aksourcing of industrydue to cost rather than
efficiencymust bematched by scientific advanceméiit is to enrance the balance sheet.

0.8
.'.".‘..‘ 'l'..'.q..u-.-.._;
- - e e Sena”
'.-..-.- \_-‘,._."-' - I--i.-"‘.'.
0.6- s
I“\‘.
. e Capital (K)
.
o mermss  Labor (L)
wenwwwer  Work (Us)
>
o i
- 0.4
L]
L

0.2

1910 1920 1930 1940

1950
year

1960

1970

1980

1990

Marginal Productivities (elasticity) of each factor of production.
USA 1900i 1998

Accounting for Growth: The Role of Physical Work
http://www.iea.org/work /2004/eewp/Ayrespaperl.pdf

2000

Whilst | am well aware of seeing links that are not thémgould venture that fertility rateand the

baby boomalso correlates @ the surge in wealth associated with improved marginal produgtivity

t

itself driven by the whlesale adoption of electricity, and the peak discovery of oil reserves in the

195006s

a. glit hds9aiedpieaple simplyhave not hadhte time or energy to invest in their
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families.Onl'y from the mid 193006s t hr oioaggroductioityofhe ear | vy
capital nearly doubledn the back of oil discoveries amaderage earnings tripled did the fertility rate

ri se aggressively before declining again in the ea
Either side, when average margs were flat, fertility rates fell. Coincidence perhaps, duwi e s n 0 t

history tell us that populations of humans, and indeed of all animals, tend to expand rapidly when

their resource base is also expanding.

Understanding that wages are really jushsfar payments from these other factor inputs not only
puts the pension deficthat we are all worried about i totally new light, but ialso explainavhy

capital spending and research and development are vital to economic growth, and therefong to gett
ourselves out of our present mess. That means sacrificasgrrconsumptionncreasing the capital

to labour ratioand reinvesting some of the work done in the kind of science that will allow the
marginal productivity oboth capital and of turningenergy into useful worko resume their uptrend.

At the moment government austerity programmes are not adequately distinguishing between
consumption and the necessary investment required to halt and reverse the decline in/EROIE .

for government bance sheets to be sufficiently repaired before undertaking the necessary investment
is no longer an option; without the correct allocation of resougegernment revenue will decline

and budget deficits will continue to climb.

US Federal R&D spendingal fallen from 2% GDP in 1963 to about 0.5% today. Almost no money is
beingdirected into the big sciengeogrammes thare too big for the private sector, but are essential
to find the next generation fuel thedn lift the marginal productivity of caail once againPrior to
WWII the marginal productivity of capital was flat for about 30 years, falling fairly sharply in the
ear | y Al6étfteoromists suggest that the Great Depression only really ended with WWII.
Wars force a reallocation of capi on a massive scalb®lost is destructive consumption in terms of
fighting andbombs effectively the ultimate Keynesian stimulus of smashing windows to repair them
which ultimately destroys capital and livinggandards A small percentagef military spending
however is directed intmajor technological advancements that aften the key to future economic
growth. Computers, satellite communications, air travel, nuclear energy and all of its medieal spin
offs, the Internet, and even nitrogen fertilizevisich were the key to the Green Revolution, all had
their origins in military technologies. After WWII, the Cold War continued the technology race,
although it was referred to as the Arms Rd®eth sides had to keep directing capital into staying
ahead bthe game, leading to private sector spffs that drove productivity gains. Whilst economists
saw the end of the Cold War and the collapse of the Soviet Union as economically potitithee
socalled Peace Dividentbwering the cost of labour, whahtey failed to realise was that with little
investment in big science projects the capital base or balance sheet was no longer expandthg.
demographics, @mnomic growth was borrowed from the future. Money has tditeeted away from

end consumptiomand kack into the science necessary to lead us out of this mess; the capital to labour
ratio must be increased.

A war gives governments the legitimacy to reallocate capital on the kind of sesledt@ achieve

immediate results. In no way amativoating war, but government and oppositimust start being

honest with usf society is collectively going to make tmecessargecisions. The longdhey delay

the worse the problem will become. The free market is trying to make this reallocationtak ¢hisi

shifting money from the marginal consumer into energy productiberever and however that may

be but governmentis actively overruling it. With economists incorrectly interpreting market signals,

governments are making wrong decisions amatating capital iefficiently, making the adjustment
procesevenmore dangerouemocr acybés strength comes from weighi
policy over time, something that has been lost in the modern world of 24 hour news reporting,

particulat y i n the Angl o Saxon countri es. Politicians m
interest rather than electioneering.

There isanatural asymmetry of risk in an econanffysomeone loses their job, then most democracies

will make transfer panents to that unproductive assktit by doing so they are adoptinge of the

main socialist characteristics that is seen in normal circumstancesoasmicallydestructive. In

hard timesthe transfer paymeri¢ morally correct, and from an economicgective a huge amount

of capital has already been invested in that person which hopefully can be made use of in the not too
distantfutureif they can find themselves a new .jébhowever they remain unemployedr theyare
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simply given norobs in gawernment, then it amounts to a tax tre rest of the economyrhis is

exactly what happened under Labour @Great Britainover the last 10 yeaxghere unemployment was

kept artificially low by public sector jobs. The fact that tax rates went up meargfibjtion that the

jobs were unproductivej nder mi ni ng the UK&és competitiveness, an
investment necessary to get us out of this mess. Instead thenmevershould have implemented
major investment programmes that staratidlress some of the problems we féweesting GBP20bn
building a10 mile tidal barrage across the River Severn which has the second highest tidal range of
any river in the world, and woulprovide England and Wales with around 6% of electricity needs fo

the next 200 years would seem a much better way of deploying unemployed construction workers and
engineers than just giving them a tramspayment to sit on their bums or to dig up tthen

rebuild them Whilst such arallocation of capital would yt Britain in a more competitive position to
compete for the remaining fossil fuels, it is only investment in new high energy density fuels that will

give us asecure long ternfuture so employing the scal | ed firocket scientistsa
investrrent banking jobs in nuclear research maybe the best allocation of capital that could be made
Without it, Thomas Malthusés dil emma of the popul ation o

will be proved correcti-or this very reason, scientific \e@hcement is necessary just to stand still.

As the quality of energy has deteriorated, the global economy has become flatter. igVshitting

away from the developed economies to the emerging maak#is network ofequipment and labour

hashad to rach further and further afield. This horizontal expansion has been aplease of

economic advancemenivhilst the US isstill on top of theeconomicpyramid,as already described
FederalResearch and DevelopmeR&D) spending has fallen continuallynsie 1963, declining from

around 2.0% GDP to about @&%1n a 1945 report to US President Harry Truman, the science adviser

Vannevar Bush said that although bas@ience is ultimately the basfor industrial technology,

because of the time scales involhead thebenefits not necessarily accruing to the original investor
private companies donét h a voenake the nedessaryeinvastmehe | or t he
has to be down to governmetinfortunately this investment is not being madeislaso no good

looking to @untries lower down the pecking ordais they are simply trying to catch wfih existing

technology there is no point Chin&ying to reinvent the wheellf the richest economies are not

making the investment, pane is.Only 5% o f Chinabés R&D budget for examp
researchThe US runs a large current account deficit, which acts as a huge subsidy to its economy. It

is a cost the rest of the world is willing to pay as it seen as the charge for its role as globaigol

and also global scientist. To be fair to the US, the wars in Iraqg and Afghahestanamounted to

more than ondrillion dollars, but nevertheless there has been a huge underinvestment in scientific
discovery particularly in the energy fielfdr the last 30 years.

US R&D spending should have risen, not fallen, as ibvestingfor the world as a wholésrowth
without innovation isunsustainable. fie more horizontal thglobal economy becomes, the faster
resources will be depleted and thereftiie more investment in science is necessary to get us back on
a stabldgrack At the same time, it is well understood that with every advance in science the difficulty
of the task increaspthe marginal productivity of capital declinaad thereforaddtional investment

is required Historically this was achieved through wars and land grabs, lbotately it can only be
providedwith a leap forward in the supply of highality energy, necessary to makefapthe labour
shortage wit hrniachmery, gnd ingdasingleistaligenot machinatythat Projects

such as the USD3bn human genome sequencing programme could only ever have been achieved with
the vast computer power that high density energy can pro&idieclining marginal productity of
capital means the only wadlie global balance sheetn expand is if a higher percentage of output is
allocated to economic advancemenheTeconomymust swing back to a more verticatructure,
directing more of the available resourdato high lewel education and science that can malesv

high density energy a realitWars show us that population will support huge hardships allowing the
scale of investment necessary, but onlyoernmentare open and honest with us.

The marginal productivityfo capi t al in the US has been falling s
achieve economic growth has become more difficAtthieving the scientific advancements that

would reverse this trend requires throwing ever more resources at the prittdesnegy intensity of

achieving productivity growth is increasinghe marginal productivity of labouras collapsed since

1900, although a& decelerating rate until about 1970, since when it has been fairly stable but at a

level of less than 25% dhat of cgpital. With no new supply of labouand declining marginal
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productivity of capital growth is increasinglyeliant on using more energyarrying up Western
technology with underemployed labour in the emerging markets has bgtshatigrowth butat the
expense of a big increase in energy demdr hgher wageghat comefrom lifting productivity

with Western technologhasdriven major advances itheir personal consumptiorand therefore
increased the overall demand for energyhenomenoknown as e Jevons ParadoXJnless China

is now prepared to accept the slowing and then declining growth associated with its peaking energy
production,it increasinglyhas to selits technologyto resource rictemerging marketso finance if
boosting their standd of living and consumptioand accelerating the pace of high quality energy
depletion. Too much money ispenton consumption and existing technology, and not enough on
scientific advancement.

There is a vicious circleProductivity growth is dependéron increasing supigls of high quality
energy but withoutproductivity growth, supplies of resources are depleted and capital deteriorates.
Whilst the linkage between energy and productivity advancement is notimeidrstood, the history

of human lifeis effectively described by this reality; if you are spending 100% of your time accessing
food, there is no time to invest in tools that might halp advanceThe world is presently stuck in

this feedback loop, anditliout a conscious reallocation ofgital the medium term outlook is very
bleak The resource rich emerging markets will have a solid boost as we sell them our technology, but
the worl dds resour ces willeds capital 9dbeingetregtedcausiegthe h a t mu ¢ h
global balancetseetto shrink, productivityto fall and less money to be investedlire balance sheet.

The Soviet Union was not rich enough to divert more resources from immediate conswnitoon

its military budgetinto the technology necessary to break the ciMle.are, but we need leadership
Governmentmust direct whatever allocation of capifalnecessary to achieve this, and thlic

must give itdacking to fund the investment.

If the cost and value of energy were endghe-same, no work would be don&here could be no
research and development, and there would be no economic advanc&edBROIE falls and we
approach that reality, productivity and efficiency gains for the economy as a whole val fadlergy
is the primary factor input on which eyéhing else is dependentinless we can reverse this decline,
we face a miserable future.

So what of the electric car€an thesesave the worldt terms of the efficiency gains there are some

myths that need debunking. A hybrid electric vehicle combining an internal combustion engine with
regenerative braking technolggy | | ows a vehicleds kinetic energy to
braking, which can then be used to drive electric motorshanst performancd& heideais similar to

using the braking emgy to spin a flywheel and using that energy to boost theltar extra weight of

the generator and batteries flywheel as well as the rountlip energy loss irturning the braking

energyinto electricity and then back into motive poweftll by definition, reducei not increase the

efficiency of thevehicle althoughhe technologynay compensate for the aggressive sttgrt nature

of some driversTo alarge extent this coulde bettemchieved by simply adopting a smoother driving

style that does not expend so much energy in needless braking and accelerating.

In terms of the electric car itsethe battery costs a similar amount to a normal fagahand with an
anticipated lifespamf only 6 or 7 yeardt is dramatically more expensive over the life of the vehicle.
Combining the 60% 70% energy loss from generating electricity together with a further 5% loss
every 1000km of transmission, 14% das the charging processnd an optimal efficiency of the
electric motors themselves of around 90%5%, the operational efficiency is also not much better
than that of internal combustion engines even before considering the limitations to the Vidtecle.
energy saved in vehicle opematiis insufficient to compensate for the additioeaérgysacrificed in

the manufacturing procesalthough over time the supporters of the technology hope this will change.

Increasing the depth of battery discharge beyond abéatsé®erelyeduces thelife expectancy of the
battery which caipledwith a naturalenergy lealor selfdischarge of around 10%20% per month
for lithium-ion batteries and 30% for nickel metal hydride battemesns he electric car® useful
role is limited toregular shorjourneys arand town rather thawccasional use dor longer trips
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Batteries are also limited by a fixed rate charge capability. If the limit is pushed, it severely impairs
the life of the battery. Unfortunately chemistry means that batteries trickigecktze last 20% or so
of the capacity, making them even more problematic as that is the useable part of the battery.

http://www.theoildrum.com/node/6480#molaoks at some of the manufacturergigis on range,
highlighting that the stated figure$ vehicles using the most modern lithium iron batteries, where the
energy density is 6 times that of leadd batteries and 2 3 times that of nickemetal hydride
batteriesareaccomplishedn rollersin a test thasupposea 22 minute drive at an average speed of
19.59mph breaking 40 mph once for about 100 seconds and never exceeding 58.wiphdie/ing.

The article suggests that under more realistic conditions the range is probably halved.

As the 13' US Secretary of Energy (assumed office Januafy 2Z09) and physics Nobel Prize

wi nner Steven Chu said of batteries; AAnd what wil
first that can last for 15 years of deep discharges. Yed about five as a minimum, but really six or

seven times higher storage capacity and you need to bring the price down by about a factor of three.

And then al/l of a sudden you hav esizesl cacwhiphasaa bl y per
comparabe accel eration and a comparable rangeo.

Electric cars should not be dismissed out of hand, but similarly they should not be held up-as game
changing event.
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Chapter 9

Why the fuss?

At t he e n dswbeh thd dglobal pb@ilat@rdowas around 1 billion, it is said that little boys
were made of snips and shails and puppy dog tails, itthel girls of sugar and spicand all things
nice. With a population now of 6.8bn, tmecipe has changed withogsil fuel now the main
ingredient

It is probably fair to say that most of us do not realise the scale of energy we consume. Filling our
petrol tanks is the nearest direct contact we have with a primargtfugd than food. Electricity is
onestep removed as wip not have to pay for it at the point of consumption, and what is out of sight
is out of mind.In either case however, | am sure very few of us think of our relationship with energy
beyond its price perhaps with the exception of understanding the osighip between fuel
consumption and time when we put our foot down in the car and see the petrotaygdtyemove to

empty.

I am of such an age thdtring the winter monthas a child,t was not unusual having to pushy

mu m&as to jumpstart it h the morning in order to go to school. Luckil§th 3 brothers and a
sister, and a hill to push the car down, it was manageable most of the time if exhausting. If however
the car failed to start, then it was abandoned at the bottom of the hill untitehimg when my dad

would use another car to tow it back. Uf pushing a car 25 or 50 metres at not much more than a
walking pace is enough to portost people out of bregtimagine how much energy it takies the car

to travel 10 miles at speeds of sa@ fph.A single gallon of gasoline contains similar energy to the
amount of food an average adult would consume ih 2 weeks, a large proportioof which is
essential just to maintain life without even considering the taskinfideork such as movingar.

Our energy use goes far beyond cars howdering the August 2003 blackouts in the United States

of America almost every industryalong the Eastern Seaboangnt down. Unlesst had its own

backup generatorit could not function and even if did, it could not do business with another
company unless it also had an alternative energy supply. Water could not be pumped across counties,
and traffi c operatgParhaps the anost tlim@spectof just how reliant the modern
economy is on fesil fuek was that gasoline stations could neithvark their pumps nor their tills, so

even cars and trucks were limited by the fuel they had in their tanks.

According to the USDA, 15.7% of the entire energy used by the United $ta®897 was in the
Afood systemo. That encompassed the manufacture
harvesting and animal rearing and slaughtering. It &dst account of preparation and process,
storage, packagingtransport, cooking and cleaning, and thencofirse the disposal of waste
including sewageAll of this however,is the energy used in the operation of existing equipment and
infrastructure. What about that requiredtanufacturehetractors or the trucks used to transport the
goods, otthe energysed in building the petrochemical plant thbatduced the nitrogen fertilizers, or

that used tolay and maintain the roads and rails necessary for those trucks to operatel din. D
include the energy required to mine the hame to make the steel toiliithe shops where the food is

sold, or to make and then lay the concrete pipes necessary for the sewage system. What about the
energyinvolved in building the dams to store the water for irrigation, processing and cleMosgy
importantly of all, whatabout that required to house and feed the workers needed to design, build,
operate, control and coordinate all of the above, and the energy required to get them to their place of
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work. Adjusting for these fitail enrdiferegticandugionsAs e xt r e me
2008 report by Cornell Universitipr example,calculats the energy consumed in the food chain is
19% of the total uselly the United States

Using prices as the tier measureof the energy input of food alstausegroblems.If | collect my
shopping in my car, then | have to include a percentage gbribe of the car not just the fuel
Assuming the farmer is generating sufficient income beyond a subsistence |ifdstyle include that

extra incom& Surelyhe would abando farmingand only produce for himself if he was getting no
additional benefit, so it must be part of energy cost of producing the food. Where does this progression
end? It doesndt t akierealisetha itibal Uapendent prodefimsohnd hotv we
attribute different end uses, but what we can say is treagg is used in every aspect of economic life.
Whether it is a construction, manufacturing or service industry, all are to a greater or lesser extent
dependent on fossil fuel energyMining and farming, esearch and development, design and
manufacture, transport and operation, recycle and disposal are all reliant on energy input. Slicing the
economy vertically or horizontally, energy is at the centre of everything we do.

It is notjust mechanical work that is done by fossil fuels. Chemical work will also frequently involve

energy input in one form or another. Even the work done to turn fossil fuel feedstock into plastics and

other petrochemicals is reliant on fossil fuel energyhwitut heat ener gy from t hese
have steel, glass, cement or many of the other building blocks of a modern economy, nor the more
complex materials necessary for modern flight or to cope @ithemeenvironments. Even modern

sciences rely orcomputers, which owe both their construction and operation to fossil fuels, for

modelling or for carrying out complex calculations. In fact almost all of the tools we use to shape the

world to our needs are themselves dependent on fossil fuels in onerfamother.

In total, fifty times more calories are burnexhd work donghroughthe use of fossil fuels than via
human labourand wvhilst it is understandableo tthink the value of the human labour $emehow

more important and higher qualityanthe more fimechanicad work done byfossil fuels, the reality is

that without those fossil fuels thearrying capacity of the Eartis said to be just 15% of its present
level. The vast majority of liman labour is therefore just a derivative of fossil fuatedsotherefore

is the productivity and inventiveness of that labdfithout fertilizers irrigation, water transfeand

the warmth and securityhat fossil fuels offer us, the majority of us would simply not be héast
swathes of land would have remainmhospitable to all but the most specialist life forms, whilst
agricultural production would have remained dependent on the local rainfall and clividatall
understand that wi t hout the Sunbs energlgof we woul ¢
energy inputs we presently enjoy that are independent of the Sun, modern day life would similarly
cease to exist.

The earlier chart on page 54 showing the marginal productivity of labour, being a mere fraction of
that of capital or of turning eneygnto useful work, overstates the relative value of labour as it
ignores this dependence on fossil fuels for its very existence. That said it is an interdependence in the
sense that it is that human labour and imagination that acts as the condudge tleéefossil fuel in

the first place.

Economists suggest that energy is irrelevant, accounting for no more than 4 océnperf the
economy Instead they prefer to focus on the productivity of land, labour and caphath receive

much higher distbutions of national income, with labour receiving about 70%ey view these as
independent variables which of course they are not. In the modern world, all three are derived from
energy. Whether it is the Green Revolution, the Sanitary Revolution, éndhstrial Revolution, all

owe their success to the ability to turn energy into useful wihlke.use of fertilizers and irrigation

lifted agricultural yields and therefore increasbd carrying capacity of the Earth, whilst the clean
supply of water, theterilisation of bacteria and the removal of waste helped extend the longevity of
the population and therefore the workforesyd of course the use of machinery has created the
equivalent of 300bn virtual wor k eneed, alloof whiheismr er gy s | a
dependent on high quality energy.

The confusion comes from assuming that cost and value of energy are one in thEhsgnagee not.
Fromthe resourcerspective, EROIE measures the amount of energy we can extract from the ground
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for every unit of energy waitially invest; it measures the calorific value compared with the calorific
cost. Given that almost all other factor inputs in the modern econonugeavatives ofenergy input,

we can say with a large degree of certainty tBROIE can equally describe the relationship between
the costand value of energy.lt should be no surprise therefore that, with an EROIE of 20, energy
costs around 5% of GDP whereas the value of energy edquatesrer 100% of GDP. Economic
research tatlly fails tograspthis reality.

The argument frequently offered by economistthat the modern economy has isolated itself from
the connection with energy because of its dominant service indlikisyis incorrectlt is not that the
service industryuses large amounts of energy through computers or lighting and transport &
communication etc that is important, but rather that it owes its entire existence to the work done by
fossil fuels. As we mentioned in the previous chapterare only afforded sh a large service sector

by the work done by energy in the more basic industrfethel availability of cheap high quality
energywas to fall, then we woulble taxed back to working itheseindustriesor on to the landand
ultimately if there was insfti€ient energy, into a much smaller population with a significantly shorter
lifespan.Whilst an economy that has moved up the value chain inteé¢mgcesectormay consume

less energy per unit of GD#han an industrial economy, it will always consume enenergy in
totality, even if this is embedded energy in imported manufactured goods. A little osfleetkes

you realise just how totally dependent we are on fossil fuel energy.

Mot her Natureds generosity o fmeamsithtythe temaindenigupus 5% of
for grabs. Debateds intensied whether an inequitable distribution of thest of thepie was behind

the financial collapseThemedianrealincome inthe USthbeen fairly stat, c since
with the exception of dounce at t he.lthadthewfbre fallamelativie 209DPO By

contrast thewvealthiest 1% of earners saw their income surge from around 10% to nearly 25% of the

total. Unless the wealyfhfew consured 25% of the economic output, then theasonly one way to

square tb circle. The averagearnerhad to consume more than his income could finance, with the

excess being borrowed from the ricAt the end of the day however, thisuld only ever bea

temporary solution as there is no way for tlverage earner timdefinitely finance spending beyond

his or herearning. Eventuallythe debthad tobe defaulted on, redistributiigcomecumulated over

those yeardackto whoever hadactually spent it. Whilst normal cyclicality should have prevented

this ever becoming a problem, @@ s pands e as ycomiouallg poatpoyed theoday of y

reckoning until the scale of the transfeas too big for simple monetary policy alone to defésu

could say Greenspan made a mountain out of what would dfeeh&ve been a series of mole hills.

Even today only a small proportion of the defamitrebalance of wealthas been made, however
counterpartyisk has changed from individual members of the publisdtietyas a whole in the form

of the governmentThe eventual default is likely to come from a combination of higher inflation,

higher taxes and reduced government spending.

This line of reasoning woulddvocate that workers in the basic industries are underpaay are

not. If there was a higher digbution to them, thetthe logical conclusion is thate would all beome
farmersfor more moneyOther industries and technologies would collapse, and with them the output
of the land i.e. the Communist moddF society as a whole is to survive and age@, then it is right

that the best and brightest are paid the most, but only if they invest that money in technology that will
expand the balance sheet of the econdoryall to enjoy For some reasothis has not been
happening Companies are rightly rewded for efficiency gainassociated wittbetter logistics and

cost arbitrage, but sweating existing assets harder is no match for increasing the asset base which we
are failing to do.Removing inefficiencies also means that we are more vulnerable tadoagc
collapse as was clearly evident in 2007 and 2008. Thisllurgmess to take risks and invest beyond

the immediate time horizon is likely to get worse as our balance sheets become more corstcained
as the wealth is distributed amongst more coasgthiutit alsomeans theost of not investings that

much bigger Government and population have to get out of the mentality odhieof achieving
something, and instead adopethar-time approach of the cost of not achieving it.

Similar logichdps explainwhy energy is not rewardextcording tdhe percentage of work it doeH.

for example 100% of the value created was simply returned to the energy producers, no wealth would
ever be created and fossil fuels would simply be left undergradupdoduced wealth is measured in

terms of whatecan buy, but ihe isreceiving 100% of the value created from the warkt tis being
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