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Abstract- The need to decarbonize the world economy in short deviations from the norm in statistical parlance) that get the
order is the persistent claim of those who think that recent press coverage.
climate change is marmmade and the future prospects for
mankind are alarming in the absence of action to decarbonize. | have encountered a strong
The statements about what must be done are almost always among the climate scientist communityve do the science,
devoid of any assessment of the engineering reality of what is they will have tosort out the consequences. If the community
proposed, and make no reference to lessons on tectogy change  was to learn that engineering will not be able to 80% mitigate
from recent history. In this paper | want to recall some of these  CQ, emissions by 2050 without inflicting massive harm on the
lessons and add comments that are further to those made in a global economy and mankind in general, it might improve the
previous publication on this topic. quality of the public debat Furthermore, if was also to learn
Keywords— Energy policy, global warming, decarbonization, than it is personal behaviour change that would have the
renewable energy maximum impact over the next 20 years, the members might
show leadership in making that change, for example by less
|. INTRODUCTION frequent flying, and less use of the internend
supercomputers.

The Intergovernmental Panel on Climate Change yiqre generally, popular writers such as Thomas L Friedman
summarises the current physical scientific understanding 1of3 ] With his ‘“Hot Fl at and

the changing climate every seven years, and complements fisne world in a nedalthusian sense, and then set about

vyith studies of possible impacts and .actions !n mitigatic_’”’t%ggesting changes to society, which are reasonable but
fifth and mast recent assessment being published earlier thigajienging, but in the background lurks the need for a radical
year [1]. The strength of this case in terms of forwarfeayihrough discovery of a source of cheap, plentiful, clean,

projections is not the subject of this paper but rather theeen electrons. When we consider that nuclear fission is the
consequences of actions that might be taken in mitigatiofy,, new breakthrough source of energy in the last 200 years,
There is a difference betweepplicy advice and policy 5.4\we have sought for fusion based energy for 60 years

advocacy that seems to have been lost in most of the puljighqyt success, a sober sense of reality about the immediate
debate and in many professional circles where policy Eospects of a breakthrough is essential here.
framed.  Policy advice puts four scenarios before those

(elected politicians) that make the decisions, theidgs and At the time of the IPCC publications, | prepared a paper
the downsides of both doing something and doing nothingonT € ¢ hnol ogy I nt r oaf Decarborozationt n  t
any given issue. We have many scientists who claim to gitke® S sons from Recent Hi story’
advice when they are advocating. If you look at, for examplerofessional societies and academies, but it was picked up and
the latest joint report from the Royal Society of London anBublished [4] by the Global Warming Policy Foundation. The
the Naional Academy of Sciences [2], you will not see anpaper was peer and Peer reviewed both before its pitfica
sections that deal explicitly with the upsides of doing nothingnd since. N@ne has seriously challenged any of the

or the downsides of any proposals to mitigate emissions ¥ientific or engineering arguments | made therein, or the
carbon dioxide. In the absence of such balance, it is thdd¢mbers that| quoted. In this paper | will summarise the same
elements of alarnthat are extreme (two or more standard0ints, but only report material that is supplementary to that
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provided n the original paper. | summarise ten lessons, asb00 people per sqg km. Much of the land not used for
make three concrete suggestions about the way forward. Inthéldings is very steepills, covered in dense shrub and is
final section | deal with other issues that are germane to theoritised as green space. None of the present generation of
general arguments. The lessons below are interrelated as m@mewable energy technologies is going to be able to contribute
can see from thisequent crosseferencing. anything significant towards powering Hong Kong in 2050:
there is not enough land area omlghw ocean. Only fossil

1. RELEVANT LESSONS FROMRECENTHISTORY fuels (with or without carbon capture) and nuclear power will
be available at the right scale. These have the energy density

1.1. New energy techna@s improve the lot of mankind of fuels needed for city living. It is one thing to conceive of a
low density city like Phoenix AZ beaaing a solar city, it is

Many premier journals report breathlessly each week gpite another for any of the dense megacities around the world.

another breakthrough that will cure cancer, or solve the energy i

problem. However in the transition from science to al-4- Only deploy new energy technologies when they
technology, and from a technology to a product for which thefdature and economic

is a willing market, there are many hurdles of which the ) . o ) ]
originating scientist remains rather ignorant, too often blithely It is 40 years since the first oil crises in the 1970s provided
so. The attrition rate igery high, and simple successes in nen€ impetus that has led iee present generation of wind and
technologies in the modern day occur when an as yet unriétar energy, as examples of renewable energy. Tvilnety
societal need is suddenly met. That need may or may not h¥¢&'s ago, there was an initial roll out of these technologies in
been predicted. The role of liquid crystals in making’® Mohave Desert, and today there are many square
electronics portable is a case in pothe long term goal of a |!ometres of industrial dereliction of abdoned solar an_d _
flat screen television took another 30 years of intensivéind farms that could not generate a revenue to maintain
development after the first liquid crystal display was sold. THBemselves in operation without subsidy [6]. The windmills
mobile phone was foreseen as a convenient way Weresmalland the solar panels notas good as today. The clear
communicating by voice, but not by text or picture. Tharsm lesson is that they were neither economic nor mature.

phone performs the functions of over 20 disparate and bulkywill they ever mature and become economic? If one
items of only 20 years ago! Any new energy technology tsompares the energy density of the land used to generate
going to have to go with the flow of human developmengnergy, one comes up against a stark contrast. The nuclear
Where the new technology will replace an existing one, agactor at Sizewell B occupies an area that is of order 6.1km
would be the casef@ new energy technology for transportyyithin which a continuous 1@W of electricity is generated
domestic energy or industrial processes, there will be tQ@ing nuclear fuel, and energy density exceeding 10GW/km
added challenge of dislodging an incumbent: the new coal fired power plant can generate comparable energy in
technology will have to be sharply superior to overcome thfe same area, but there is a factor-adimillion between the
problem of stranded assets associated whth éxisting energy density of fossil fuels and of nemt fuels. In stark
technology. contrast, the typical biomass, wind and solar energy density is
at the level of 20MW per square kilometre, a factor of order
1.2. The scale of the decarbsaition problem is unprecedented1(®-10* less [7]. Over one thousand square kilometres or one
quarter of the Fen Country in the East of Endlapresently
Over 90% of all the energy provided workdde for modern growing food, would be needed to produce even 1GW of
civilization as we know it since 1800 has been provided lectricity [4]. These are huge factors that will not be impacted
burning fossil fuels. Nuclear, hydro and geotherpmler, by lengthening the blades of windmills, or increasing the
together with the historical burning of wood and straw, providegfficiency of solar cells by a few percent. Anywhere that land
of order 186. Even today the first generation renewableg at a premium, and that is around most large cities in terms
provide |l ess than 1% of t h eoffyodstutisdihese teehmsiogigsywill not dhahgetthe adridnie r e
the mid1980s, the level of fossil fuel energy and low carborQ years, let alone 400. If the costs of access, construction and
energy have been growirgych thain spite of all the efforts, maintenance remain high (see next section), the question of
renewables are not making a dent in the share of total eneggynomic competitiveness will be a very tough one ever to
coming from fossil fuels which remains stubbornly at aboutsolve.
85% [5]. The implication of this is that the current level of
activities will get us nowhere near the 80% decarbonisations. Salutary lessons from the firstund of renewables
targets for 2050 being advocated by the IPCC and others. technologies

1.3. Tackle megacities first A recent quantitative analysis of the solar energy
installations in Spain gives a very sober perspective on the
Over half the world will live in cities by 2050, and nearly alknergy ras-of-return of solar energy [8]. Because of
the schemes for renewable energies being so strongdyislation associated with subsidies, much clean data is
advocated in the EU and US are inappropriate for m@@s. available in the public domain for analysis. It is possible to
Think about Hong Kong, with a population now 7.2M ofiake the intense period of solar installation up to the year 2009
confined onto an area of just over 1006kand a density of when no solar install@mn took place in Spain in view of the

114 Journal of Energy Challenges and Mechanics ©2014 North Sea



Kelly (2014) Future energy needs and engineering reality

global financial crash. It is possible to get reliable estimatéilike hightechnology interventions where1® years of

of all the costs in getting those solar panels installed aimttervention will see the required take up, infrasture
maintained over a 25 year lifetime; this includes theechnology like energy has timescales of order 40 years, and
infrastructure of roads and cableseded to install the panelsfew countries have stable mujtarty multigovernment

and collect the electricity, washing the panels four times a yearpport that lasts that long.

and six times if they are near dusty road, the costs of

surveillance and security, interest on the loans on capital7. Technology developmentsrea not usually pre
raised, the cost of manufacturing and transpbthe panels, programmable

the relevant duties payable, and the cost of renting the large

tracks of land involved. These total costs can be converted intoNriters such as Friedman [3] and otherspé for a

an equivalent total energy using the ratio of the GDP in Spawchnology breakthrough that will provide a new clean cheap
to the total energy consumed by the Spanism@wy. This and sustainable source of electrons for an electrically powered
gives the energy invested into the sector. When the actwarld. If that should emerge over the next decades, it will be
metered energy generated to date is extended overthe 25yearb onu s . When ‘necessditedy i s
design life, the result is the energy out. The ratio of energy dutthe present context, it is a mistake. The solutions to earlier
to energy in, called the energy return on investnieR({l), is necessities were largely brought about by the timely
2.5. Thus 40% of all the energy to be generated is already use@loyment of newly known science. Radical new
in fossil fuel equivalents to produce the solar energy systemtéthnologies over the last 200 years have followed on from
the first place. A parallel exercise shows that at this level, dtientific discovery,ypically in a timescale of 40 years for
all Spain’s energy weingfiture o aubmobire, tédlephome ek.0 MHsrtimes apart @Woyn nuclear
there would not be enough energy or revenues left over figsion, there is simply no new science in any primitive form
support a modern society for which it is estimated that ahat is offering access to untold sources of energy. Nuclear
EROI of order 10 is required from the main source of enerdysion has been under investigation 60 years, and it is not

in the economy. Note that even if the solar panels were frelear that faster progress would have been made if the budget
(theywere only 33% of the costs in the Spanish example), tfer that research had been doubled. There are lengthy
remaining costs are considerable, and they all scale with tiif@escales for building the equipment, and global
large areas of land needed. Furthermore, if one adds in Hutlaboration has gone about as fast as possible. Eveardf t
extra cost of installing batteries to store the electricity betweeyas a radical breakthrough tomorrow, the level of further
peak geeration and peak demand, the energy input goes upéygineering and technical development required to provide a
more than the extra energy, and the energy return eable, reliable and affordable source of electricity is still
investment decreases still further [9]. The reason that thesecades away in terms of contributing (say) 10% of the
figures are profoundly disappointing is an EROl of over 10 o r | d ' sneedsn & wogly be irresponsible with nuclear
needed to support a modesociety that includes functions technology to promise anything faster, even if the effort were
such as higher education and the arts [8]. The comparaliiereased. The current battery technology has struggled to
fossil fuel EROI is about 30, with hydropower at 49 angrovide energy for portable electroniedattery life is still
nuclear power at 75 [10]! measured as a few haubetween rechargeand there is no

The same analysis can be applied, mutatis mutandis, to wifieStion of batteries supporting (say) Hong Kong in any form

energy and to cultivetl biomass, where the same intrinsi©' 10ad balancing mode.
energy diluteness at source is the insurmountable challeni;e. ) ) ) o )
The conclusion is that a substantial element of fossil fu&t8- Nothing will happen ifhe population is not trusting

energy will be needed in 2050 to maintain a civilized society ] )
in Spain or elsewhere. There were a number of millennium development goals

devised and adopted ltlge UN for completion in the period
1.6. Subsies for premature ttout are a recipe for disaster 2000-2015. Some have been achieved, others have not. This
is the only basis on which the global population has experience

One theory of technology introduction is to use subsidies & S0lving pressing problems facing humanity as a whole.

encourage manufacturers to go down the learning curve aftgile environmental degradation is omeoblem, all the

cut the costs of manufacture in the process, so that subsidiEdress that has been made has come from advanced
can be allowed to witir without undue impact: Friedman [3] €cOnomically sound countries cleaning up past mistakes and
describes this in the context of catalytic converters fd€venting future ones. The lack of clarity with which long
automobile. In the international energy markets this so far hig&M climate change will really make major impacts does not
been a recipe for disaster. The cuts to subsidies caused by>ffm togenerate the public appetite for much larger scale
financial crash have causedetbankruptcies of companieSDUbl'C intervention. When some of the more alarmist views
across the world working in renewable energies, without afjtVeé Not come to pass over the3years since they were
stable conglomerates being formed as had happened in eafl[§f made in terms of vanishing Pacific Islarat millions of
technology introductions, as with the telephone, railroad efaimate refugees, thienpetus to achieve a global agreement to
The scale of the present energy challengbthe total reliance cwc_umscrlb_e personal behaviour in the cause of reducing CO
on reliable and affordable energy, let alone sustainable energJiSsions is simply not there. A recent call for a global

is such that subsidies have been too small and ephemeral.
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regul at or ‘ wi ttravel tictrettgét fulsome or baand bs fax asrthe current understanding of the atmospheric
widespread support [11]. temperature systems is concerned.

These ten lessons together indicate profound shortcomings
in the understanding of the engineering realties associated with
, i ... decarbonisation, andnimany cases the poor return on
| have estimated that one could retrofit all the UK bu'ld'”%vestment represents an opportunity cost that has inhibited

stock over 40 years at the cost of £1.7T, £40Bpa [4]. ThRssiple human development in other quarters, as outlined in
would require an army of workers of order 1M, i.e. comparabte g pajow.

with the helith service, and a very large increase in the supply
chains. Using state of the art technologies of today, but leaving
the interventions to be futw@oof, the result would be to
halve the energy consumption in buildings (both domestic and L , . .
nondomestic)and reduce the nat i ofnNOrkwitinbysingss as ysyal with fopaghe efigient
23%. The payback time in terms of savings in energy bills &€ 01 ENergy

too long to justify raising the money on the capital markets so ) . )
that some state intervention would be needed. ThisSiNCe energy costs money, it has always been an imperative

intervention would compete withh e  Go v e r n me niQ feduce,epergy use, ang tgat is likely to continue and

raise funds for supporting a renewal of the current ener§z§pe0|ally if fuel contln_ues to_ bec_ome more expensive. In the

infrastructure for which £200B over the next decade is t&S€ Of several energytensive industries such asetals,

widely quoted figure. How to factor such enormous sums inf§ramics and cement, there are limits to the potential energy

national budgets while trying to maintain contemgy Savings set by basic thermodynamics.

commerce, manufacture, agriculture, defence and logistics is a o ]

square that has not been circled. What is the appropridté-Derisk infrastructure projects

fraction of the national budget to be spent on energy over the ] ) ) ]

coming decades, given it has been about 8% over recent years?iNce energy is expensive, and energy infrastructure is
supposed to last for decades, we cannot afford to yebiitg.

1.10. If the climate imperative weahs, so does the Small scale deployment for trialing new technologies is

decarbonisation appropriate, but a hasty ralut leaves stranded assets there to
attract the mockery of passérg for decades to come [6]. By

In the early days of climate change 25 years ago, t[gfinition such unused assets have an op_portuni_ty cost, a_nd we
scientific community pointed to rising globally averaged‘eed much care to _a\_/0|d mistakes. Th_e |m_pe_rat|ves of climate
surface temperatures as the clearest evidence of a problEffng€ are not sufficient to overrule this principle. How much
Since the start dhe present hiatus in the globally average@’ the investment over the last 30 years in greening the
surface temperature, now 17 years old, the rhetoric has u§&@nomy will be written off? We simply must be much more
other signals of climate change such as rising sea levels, ocg@Rhisticatedh our approach to decarbonisation than we have

acidification, extreme weather events, melting polar icecap§en to date.

etc., as the evidence. Since sea level rise has not been ) ] )

accelerating, and severe weather events not become Mo P.ubllc attitudes and personal behaviour are much the most
common (although the damage is because there are more d#ffgctive placed work now

in the way with more possessions at risk), the rhetoric is under _ ) ) )
challenge by the accumulating reedrld data. Last year over Colleagues in Cambridge have estimated that people in the
70 peetreviewed papers came to the conclusion that the st could live a civilized life on about hathe energy usage
was playing a greater role in the climate change of the last B Person per day [13], provided the citizens were more
years, and this year this trend is continuing, with the possibili§¥€rtly energy conscious and came to regard energy profligacy
of a return to a little iceige by miecentury being predicted @s deeply antisocial. Cars could be much smaller and lighter
[12]. There would be a supreme irony if that were to happehWe asked for them to be: so far we like the accetemadind

as every ton of human generated,@Cthe atmosphere would safety associated with large and heavy vehicles and the

be called upon to help feed 9B people in 2050 rather than #mand for fuel seems remarkably price inelastic. Public
1B peopleduring the last little ice age. attitudes and behaviour have changed in issues like smoking

, in public confined spaces, drisdkiving and wearing seat
The IPCC" s most recent (5th) hogsS|qiReStit BnNtfie enbrfyPcBst ahd othet Savinds fdin
pulled back on the severity of some of their more catastroptignaviour change dwarf anything made possible by new
projections in the face of clear evidence that their C"ma@chnology. Even IT is now an energy intensive operation,
models are running systematically hotter than the earth itselfii, each google search using enough energy to boil water for
If the temperaturéhiatus lasts another decade, we will be, adium size cup of coffee, ater a trillion searches a year
approaching 30 years Withput a temperature rise while theq growing at 1415% in recent years [14]. Exemplary
level of humarinduced CQwill have increased by over 50%, changes in personal lifestyles should be undertaken by the

then anyone respecting the canons of science as ocates of decarbonisation as a sign of their commitment.
explanation of nature will demand a going baxkhe drawing

1.9.Finance is limited, so actig at scale must be prioritised

Il. THREE PRACTICAL PROPGSITIONS:
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I1l. OTHER GENERICISSUES debate on this whole subject at the Royal Society in London
was held only two months ago [17] under thetl e * Wh a't
3.1 Demographics right level of response to anthropogenic induced climate
change?’

No-oneyet factors in the demographic consideration of peak ]
population predicted for the period 2630 so that much new 3-4Adaptation
infrastructure may be needed for only 100 years at most. Some
predictions indicate a popu|ation back at 7B by 2100, and WePfOfGSSOf John Holdren the US Presidential Scientific
will have unusedssets for 2B people on our hands [15]. Hokkd vi sor i s quoted [18] as say
is it best to prepare infrastructure with a finite lifetimenind? “ 1 s t hat we hav e ttaospdrtinegdswith o u
There are parts of Eastern Europe where the popu|ation H‘%%S oil and economic aspirations with less carbon dioxide.
been in absolute decline for 20 years now, and towns arebeingf €r ¢ are only three options:
abandoned and viliges razed. Current fertility trends if Dutch down the centuries have been exemplary as they have
continued would have the Italian population down to 8M bgoped with rising sea levels: they have adapted asvaed
2100 and that of Germany down to the present population fcessary. Again, the Thames barrier has saved London from

Berlin! [16]. flooding and the height of the barrier will be increased in 20
years in good time to cover the medium term future. Here the
3.2Decarbonization as a Focussed Global Project problem is not global warming but that the East of England as

awhole is sinking. These are the entirely positive and practical
Suppose the world were to agtegrovide £1T per year for solutions that apply to most of the problems that have be_en
a decade to be spent on mitigating climate change by reducftfluced as the result of our use of fossil fuels to energize
carbon emission. This is about enough to capture all the c@0dern civilization.  Moreover, adaptation is a ftrait of
from existing coafired power stations. It is questionablehumanity dowrthe ages, with the few exceptions proving the
whether it could be done in ten years. \WMauld we notice rule.
in terms of future climates? The answer is simply that no one
knows. The same £10T would enable the poorest 1B in the V. CONCLUSION
world to receive £10K each, and one could expect to see some
very tangible change after ten years in terms of thargdition The major actions currently taken in the name of
of world poverty on the (admitted large) assumption of globalecarbonizing the world economy are ineffective and unlikely
good governance. Mitigation of future climate change is never to succeed. We need a debate that is altogether more
a sufficient justification for any large scale engineering projesbphisticated, operand humble, and policies that might
in the absence of foreseeable and measureable outcdihes. succeed rather than being guaranteed to fail. | end with a
insurance premium argument does not wettke risk remains classic example: two of the three aluminium smelters in the
uninsured. UK have closed because of higher energy prices, and the UK
imports aluminium from codired smeltes in China, with a
3.3A Day of Reckoning net addition to the glob&O, emissions- total madness!

In the absence of a temperature rise in the next few years, ACKNOWLEDGEMENTS
there should be a day of reckoning about the way that the

current stress on climate mitigatioanse to the fore in the | wish to thank the many people with whom | have debated
public debate even more so if the sun heralds a little ice agghese topics, and who have provided me with material. | wish
where the global temperature cools and the world strugglesiéthank the organisers of the 2nd Inteiorzal Symposium on

feed 9B in 3040 years. We will ask how it was possible thagnergy Challenges and Mechanics for the opportunity to
we prepared for t hWorkuorredacg ?ér‘%es%rﬁ thésé Vidw® # R §roup of 130 international energy

resource use and waste is an intrinsically good thing, but th&earchers from 40 countries, who did not provide any
largescale misnvestment in averting something that onlycounterevidence to the major points | made.

ever might have happened, should not go unreviewed and
without sanctions. At the very least, the key scientists will REFERENCES
have to be ever more circumspect in their pronouncements,
and that would be a welcome return to the canons of normal i‘f
: ) : [
opposed to postiormal science that prevailed until recently,
and still prevails in engineering disciplines, where individui?]
engineers an be held legally liable for the consequences
their actions and professional judgements. The same
discipline should apply to those who advocate spending public
money on major projects. The lack of continued incisive
debate, closed off by expressioasuch as ‘“t he his iae Pt rsitosbe urelv a scientific description
settl ed’ has done wuntol d damagéap?g p?%e rParEY A p.ll. e i
i X o ) ihthe form of answers to 1 q%esﬂons. aking one in
which, as a class, will be vilified as rent seekers. The first

http://www.ipcc.ch/report/ar5/index.shtml

https://royalsociety.org/~/media/Royal Society Content
[policy/projects/climateevidencecauses/climate
changeevidencecauses.pdf
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particular,we note the last sentence as a totally
inadequate counterbalance! [6] Googl e the phrases abandon
‘“abandoned wind farm’

17: Are climate changes of a few degrees a cause for

concern? [7] Concerning the areal efficiency of renewable energy
harvesting, seB.J.C.MacKay, Sustainable Energy:

Yes. Even though an increase of a few degrees in global  Without the Hot Air, UIT Cambrige, 2009. Available

average temperature does not sound like much, global from http://www.withouthotair.com

average tempetare during the last ice age was only

about4to 5 °C (7 to 9 °F) colder than now. Global [8] PA.PrietoandASHall : * Spain’s Pho
warming of just a few degrees will be associated with Revolution: The Energy Retu

widespread changes in regional and local temperature Springer 2013

and precipitation as well as with increases in some types

of extreme weather events. These and other changes [9]

(such as sea level rise and storm surge) will have serious http://theenergycollective.com/barrybrook/471651/catch
impacts on human societies and the natural world. -22-energystorage

Both theory and direct observations have confirmed thfl0] D. Wei3bach, G. Ruprechta, A. Huke, K. Czerski, S.

global warming is associated with great@arming over Gottlieb, and A. Hussejn Ener gy i ntensi ti
land than oceans, moistening of the atmosphere, shifts (energy returnedn invested), and energy payback

in regional precipitation patterns and increases in timesofelectc i ty gener at iEmeggy power
extreme weather events, ocean acidification, melting 2013; 522210221

glaciers, and rising sea levels (which increases the risk

of coastal inundationral storm surge). Already, record [11] http://wattsupwiththat.com/2014/08/12/southampton
high temperatures are on average significantly universitywe-needa-air-travetregulatorwith-teeth/
outpacing record low temperatures, wet areas are

becoming wetter as dry areas are becoming drier, heay$2] http://bit.ly/1bpzysw and Vahrenholt F and Luning S,

rainstorms have become heavier, and snow packs (an ‘“The Neglected Sun’, Stacey

important source ofréshwater for many regions) are

decreasing. [131 Baj zel j B, Al |l woddsigiwhy and C
cli mate change mitigation p

These impacts are expected to increase with greater Tech 2013; 47: 806B069.

warming and will threaten food production, freshwater
supplies, coastal infrastructure, and especially the [14] http://www.internetlivestats.com/googéearch

welfare of the huge population currently living ow statistics/
lying areas. Even though certain regions may realise
some local benefit from the warming, the letegm [15 Wolfgang Lutzetal ‘* The end of worl d
consequences overall will be disruptive. growth’, N&RWite 412 543
[3] TL.Fri edman, ‘ Hot-Whyweneedn {16l Er ewd et ar ce ‘' Peopl equake’,
a green revolution and how it can renew America’
[17]
[4] http://www.thegwpf.org/content/uploads/2014/03/Kelly http://www.foundation.org.uk/Events/pdf/20140616 Su
lessons.pdf mmary.pdf

[5] http://rogerpielkejblogspot.co.uk/2014/06/treading [18] http://slice.mit.edu/2010/10/26/johnholdren/
water.html
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